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Pd-Catalyzed C(2)—H Arylation of 3-(2-Aminopyrimidin-4-yl)indoles

Sun, Meijiao Tan, Jing Tan, Yu Peng, Jinsong™ Chen, Chunxia®
(College of Chemistry, Chemical Engineering and Resource Utilization, Northeast Forestry University, Harbin 150040)

Abstract Using N-methyl-3-(2-aminopyrimidin-4-yl)indole derivatives and aryl iodides as starting materials, palladium-
catalyzed selective C—H bond activation/arylation at the C-2 position of indole was investigated in detail. With palladium
acetate as the catalyst, triphenylphosphine as the ligand, silver carbonate as the additive and sodium carbonate as the base,
various 2-arylindole products were obtained in high yields in 1,4-dioxane at 120 ‘C for 24 h. Under these standard conditions,
the scope and limitation of the synthetic method were explored by changing the structure of two substrates, and the synthesized
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indole derivatives were characterized by "H NMR, '*C NMR and HRMS spectra.
Keywords palladium-catalysis; C—H bond activation; arylation; pyrimidine directing group; indole derivatives
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Figure 1 Pyrimidine-substituted indole natural products and representative drugs
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Scheme 1 C(2)—H arylation of indole
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Table 1 Condition optimization of Pd-catalyzed C—H arylation
of 3-(pyrimidin-4-yl)indoles

/
N
Q catalyst, ligand, base, additive
+ |
7N 1,4-dioxane, 120 °C, 24 h
>
N \\/O
1a 2a
/
N
Y Ph
i N
Iy
NS
3aa

Entry Catalyst/Ligand Additive Base Yield’/%

1 Pd(OAc)./Pyridine AgCO3 NaxCOs  52/57¢
2 Pd(OAc)2/0-Phenanthroline AgzCOs Na,COs  Trace
3 Pd(OAc)2/Bipyridine Ag2COs NaCOs  Trace
4 Pd(OACc)2/PCys3 Ag:CO3 NaxCOs3 12

5 Pd(OAc)./TFP Ag2CO3 NaxCO3 36

6 Pd(OAc)2/CIPPh2 Ag2CO3 NaxCO3 11

7 Pd(OAc)2/PPhs Ag:CO3 NaxCOs  23/66¢
8 Pd(OACc)2/P(o-tol)s Ag2CO3 NaxCO3 8

9 Pd(OAc)»/JohnPhos? AgoCO3 NaxCO3  Trace
10 Pd(OAc)2/CyJohnPhos? Ag:CO3 NaxCOs3 16

11¢  PdClo/Pyridine

12¢ Pd(TFA)2/Pyridine

13¢ PdCl2(CH3CN)2/Pyridine
14¢ PdCla(PPhs)2/Pyridine AgCO3 NaxCOs3 30
15¢ Pd>(dba)s/Pyridine Ag:CO3 NaxCOs3 50
16¢ Pd(OAc)2/Pyridine None NaxCOs3 4
17¢¢ Pd(OAc)2/Pyridine Ag:CO3 NaxCOs3 24
18¢¢  Pd(OAc)2/Pyridine AgxSO4 NaxCO3 19
19 Pd(OAc)./Pyridine AgNO3 NaCO3; Trace
20 Pd(OAc)2/Pyridine AgSbFs NaxCOs 11
21 Pd(OAc)2/Pyridine AgOTf NaxCOs 14
22/ Pd(OAc)2/PPh;3 Ag2CO3 NaxCO3 76
232 Pd(OAc)2/PPhs Ag2CO3 NaxCO3 91
248 Pd(OAc)2/PPhs Ag:COs  KaCOs 91
25¢  Pd(OAc)2/PPhs Ag:CO; NaHCO; 85
265 Pd(OAc)2/PPhs Ag:COs NaOH  Trace
27¢  Pd(OAc)2/PPhs Ag:COs  KOH 85
285  Pd(OAc)2/PPh; Ag>CO3 NaO'Bu 11
29¢  Pd(OAc)2/PPhs AgCOs  KOBu 35
306 Pd(OAc)2/PPhs Ag:COs  EtsN 61
31g Pd(OAc). Ag>CO3  None 5

AgCO3 NaxCOs3 34
Ag2CO3 NaxCO3 11
Ag2CO3 NaxCO3 31

© 2023 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

“Reaction conditions: 1a (0.2 mmol), 2a (0.5 mmol), catalyst (10 mol%, 0.02
mmol), ligand (0.04 mmol), additive (0.4 mmol), base (0.4 mmol), and
1,4-dioxane (1.0 mL), 120 ‘C, 24 h, N,. ?Isolated yields after chromatography.
¢ Catalyst/ligand (n : n=1 : 5). ¢ JohnPhos = 2-(di-tert-butylphosphino)-
biphenyl, CyJohnPhos=2-(dicyclohexylphosphino)biphenyl. ¢ Additive (0.2
mmol). / Catalyst (20 mol%, 0.04 mmol), ligand (0.2 mmol). £ Catalyst (30
mol%, 0.06 mmol).
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Table 2 Scope and limitation of the reaction

N
N / Ar
/ . R’@I Pd(OAc),, PPhs, Na,CO5
N
7 N R1.. = Ag,CO3, 1,4-dioxane, 120 °C, 24 h 4 . R
PR — /N
=N N, ) N ‘R2-
R2-
1a~1i 2a~2s 3
Entry S-1 Product 3 Yield”/%
\
N
|
1 90
\
N
|
2 78
\
N
|
3 34
\
N
|
4 51
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Entry S-1 S-2 Product 3 Yield®/%
\N/
O
21 N_ 21
2a
\
N
G O
22 NoN. 58
//z/ H 2a
1e
O
23 44
2a
)
24 53
2a
7
\
N
’ O
25 NN
"
=N 2a
1h
8
\
N
' -0
26 N 85
AN
//z/ 2a

1i

3ia

4aReaction conditions: S-1 (0.4 mmol), S-2 (1 mmol), Na,CO; (0.8 mmol), Pd(OAc), (30 mol%, 0.12 mmol), PPh; (0.4 mmol) and 1,4-dioxane (2.0 mL), 120 ‘C (oil
temperature), 24 h, N,. ? Isolated yield after chromatography.

Entries 1~4), {HE% R 7 EEAE AT =m P E)E, N- -3 (2 FE W WE -4- 58I R JEEA) 1 rp 2 B
PERTRFE SR (R 2, Entry 10); A TR AREE R S ML SRATARKAIRE R (1) Z PRI 454
5 SRR 1R BAT R AF IS 1L, 3RAS 1 R ™ (PSRBT N- LR IBR ), ML RE A 2B AT, 7 R R4
(% 2, Entry 10). 5 48R AT EMICEARLL (322, Entries 1~19); (2)4 N-FIFEIREEAL oA FER = H
DR 57 B R R SRATAH B 4. BT, PR BEARE] 21%(3K 2, Entry 21), ATREZEME
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Scheme 2 Proposed reaction mechanism for the indole C—H arylation
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PR ER A I 45 ) 5 7T 2R 50 95 SAL RS Wk B AR,
W TG BTG RVEE 5 R B2, %A
JIEN 2-557 3k-3-(2-FA KL I -4- 55 WG| AT AE WD IS AT
T — B RAE G E T LU E & B AT, %R
WA DAL L5 S B R B B0 T i,

3 X
3.1 U5

'H NMR #1 3C NMR 1 ] Brucker-500 MHz 1% f#
PRACIE, BREEM 34N L. CDCL A, TMS AW
B 18 RAE MP4T0 4 H 3l mUAX EIE, B BRI A%
]y ESI & #4851 B Thermo Scientific LTQ Orbitrap
XL A& G HETEAONE. Fra 03 R 0 4
af, REACHR(GF254) F:ENTRERL(200~300 H), EZ4E
B4 AT PR =)L Bl Ui WA Ak, R A 24 a3 B
P2 R SEAT L, Segsd R ok ot — 20T
Fafifh A2
3.2 MIERERIHIE K
3.2.1  N-F H-3-(2- 23087k -4- 25 ) 73] ok 49 & ik,

7] 10 mL S BEF FROIN 3-(2- U5 g -4- 35 )- 1 - F JEL |
%200 mg, 0.82 mmol). "Hk(84 mg, 0.98 mmol). — 2,
(166 mg, 1.64 mmol)fl 2 mL 1,4- 5 /NI, MHAE
101 ‘CM 24 h. RMERAHBE=ESG, WA 10 mL
TIFI NaHCOs ¥R, & HEZEH(20 mLX3), &IFH
LA, ToKBREREN T8, I8, WEwgE, HE Ay
BURFAA AR - VIFED)=S5 : 11435 215 mg
N-FH JE-3-(2- Nl pf e g -4-J55 ) W5 Wk (1), 722 89%. 4
@44, m.p. 172~173 “C; '"H NMR (500 MHz, CDCl;) d:
8.30 (d, J=7.5 Hz, 1H), 8.18 (d, J=5.3 Hz, 1H), 7.64 (s,
1H), 7.27 (d, J=7.7 Hz, 1H), 7.25~7.16 (m, 2H), 6.79 (d,
J=5.3 Hz, 1H), 3.86~3.81 (m, 4H), 3.78~3.73 (m, 7H);
13C NMR (126 MHz, CDCl3) d: 161.1, 160.9, 155.7, 136.8,
130.0, 124.9, 121.5, 120.8, 120.2, 113.2, 108.7, 104.9,
65.9, 43.4, 32.2; HRMS (ESI) calcd for Ci7H1oNsO (M+
H)" 295.1553, found 295.1551.

N- A JE-3-(2- V- HH 25 IR 1 5 1 g -4 5 ) 5| Wk (1b): 7=
K 76% (192 mg). AR, mp. 164~165 C; 'H NMR
(500 MHz, CDCls) 6: 8.30 (d, J=7.5 Hz, 1H), 8.17 (d, J=
5.2 Hz, 1H), 7.64 (s, 1H), 7.27 (d, J=7.7 Hz, 1H), 7.21
(dt, J=12.8, 5.6 Hz, 2H), 6.76 (d, J=5.2 Hz, 1H), 3.92 (s,
4H), 3.74 (s, 3H), 2.50 (t, J=4.8 Hz, 4H), 2.31 (s, 3H); 1*C
NMR (126 MHz, CDCls) 6: 161.1, 160.9, 155.9, 136.9,
129.9, 125.019, 121.4, 120.8, 120.1, 113.3, 108.6, 104.6,
54.0, 45.2, 42.8, 32.2; HRMS (ESI) calcd for C;sH2Ns
(M-+H)" 308.1870, found 308.1874.
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N-H 3 -3-(2- IR 1R 5 g -4- ) 5| g (1e): =K 87%
(209 mg). K F ALK, m.p. 254~255 ‘C; '"H NMR (500
MHz, DMSO-ds) 6 8.38 (d, J=7.6 Hz, 1H), 8.35 (s, 1H),
8.31 (d, J=5.3 Hz, 1H), 7.56~7.52 (m, 1H), 7.29~7.25
(m, 1H), 7.25~7.21 (m, 1H), 7.13 (d, J=5.3 Hz, 1H),
4.13~4.05 (m, 4H), 3.88 (s, 3H), 3.37 (s, 1H), 3.25~3.18
(m, 4H); 3C NMR (126 MHz, DMSO-d6) §: 162.6, 161.6,
157.4, 138.1, 133.6, 125.9, 122.6, 122.1, 121.5, 112.9,
111.0, 106.6, 42.8, 40.9, 33.5; HRMS (ESI) calcd for
Ci7H2oNs (M+H)" 294.1713, found 294.1708.

322 N-F 2 -3-(2-%e A b oo -4- ) 73| ok 0 & Ak,

7] 10 mL SN AR N 3-(2- G0 M5 g -4-F5 ) - 1 - F g
Wk(585 mg, 2.4 mmol), NNN-=HF 37 % (294 mg,
2.88 mmol), Pd(OAc), (54 mg, 0.24 mmol), 2-( T %
BEEEIR (144 mg, 0.48 mmol), K2CO; (564 mg, 4.1 mmol)
A4 mL 1, 4- A, IAE110 CRBi24h, g
WAHEZRE, WA 20 mL /K, & H K30
mL X 3), GIHANAH, KBBR8, I8, BURK
a4, WS SR W& R ) - FE)=
20 : 1153 546 mg N-F3E-3-(2-N,N,N'- = H 3£ 7, [l
WE-4-F5) M B (1d)27, FEEE 59%. HAHRY). 'H NMR
(500 MHz, CDCl3) 6: 8.42 (d, J=7.9 Hz, 1H), 8.13 (d, J=
5.3 Hz, 1H), 7.57 (s, 1H), 7.17 (dq, J=14.6, 10.5, 7.2 Hz,
3H), 6.67 (d, J=5.3 Hz, 1H), 3.79 (t, J=7.4 Hz, 2H), 3.67
(s, 3H), 3.19 (s, 3H), 2.52 (t, J=7.4 Hz, 2H), 2.25 (s, 6H);
13C NMR (126 MHz, CDCl;) d: 161.1, 160.7, 155.9, 136.9,
130.4, 124.9, 121.5, 120.8, 120.1, 113.0, 108.8, 104.5,
54.27,44.8,43.2,34.9,32.3.

N-F 2 -3-(2- 3R 0 J 185 i -4- 355 ) g T (1e)28): 7 R
20% (147 mg). %R EFEA, mp. 185~187 C; 'H NMR
(500 MHz, CDCl5) 6: 8.39 (d, J=6.2 Hz, 1H), 8.10 (d, J=
4.7 Hz, 1H), 7.62 (s, 1H), 7.29~7.15 (m, 3H), 6.74 (d, J=
5.3 Hz, 1H), 5.03 (d, J=7.7 Hz, 1H), 3.88 (d, J=9.5 Hz,
1H), 3.73 (s, 3H), 2.07 (d, J=10.1 Hz, 2H), 1.77~1.67
(m, 2H), 1.64~1.55 (m, 1H), 1.45~1.34 (m, 2H), 1.27~
1.11 (m, 3H); 3C NMR (126 MHz, CDCl;) ¢: 161.4,
160.8, 156.1, 136.8, 129.8, 125.1, 121.4, 121.1, 120.0,
113.1, 108.6, 104.6, 48.8, 32.4, 32.2, 24.9, 24.0.

N-F B -3-(2- 1F T i 18 g -4- 25 ) I5| W (1280 = 2
33% (221 mg). WE A, mp. 171~172 C; 'H NMR
(500 MHz, CDCLs) : 8.37 (d, J=7.5 Hz, 1H), 8.11 (d, J=
4.9 Hz, 1H), 7.63 (s, 1H), 7.28~7.16 (m, 3H), 6.76 (d, J=
5.3 Hz, 1H), 5.14 (s, 1H), 3.73 (s, 3H), 3.44 (q, J=6.1 Hz,
2H), 1.58 (p, J=7.3 Hz, 2H), 1.39 (h, J=7.4 Hz, 2H), 0.89
(t, J=7.4 Hz, 3H); *C NMR (126 MHz, CDCl3) J: 161.5,
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161.4, 156.0, 136.8, 129.9, 125.1, 121.5, 121.0, 120.0,
113.1, 108.6, 104.8, 40.3, 32.2, 30.8, 19.2, 12.9.

N-FA3E-3-(2- - F s g -4- 36 5 W (1g): 72 12%
(73 mg). R EFEA, mp. 148~149 C; 'H NMR (500
MHz, CDCl;) 6: 8.42 (d, J=7.7 Hz, 1H), 8.17 (d, J=5.3
Hz, 1H), 7.61 (s, 1H), 7.25 (d, J=7.4 Hz, 1H), 7.23~7.16
(m, 2H), 6.69 (d, J=5.3 Hz, 1H), 3.72 (s, 3H), 3.21 (s,
6H); °C NMR (126 MHz, CDCl;) ¢: 161.5, 160.9, 155.7,
136.8, 129.7, 125.2, 121.4, 1212, 120.0, 113.5, 108.6,
103.4, 36.3, 32.2; HRMS (ESI) calcd for C;sH;7N; (M+
H)" 253.1448, found 253.1444.

3.2.3  N-F H-3-(2-F B2 -4- 2 )75k (1h) &9 & &,

] 10 mL SR N 3-(2- S i -4- 5 )- 1 - F S|
W&(300 mg, 1.23 mmol), Kf%(137 mg, 1.47 mmol), %} H!
FLORRHRR (254 mg, 1.47 mmol)F1 2 mL 1,4- 5/ 3, I
A 85 T 8h. RMAEHRAIEZER, A 1.5mL
UK pH=9 ) SIE, KB AT [ 44,
I8 I R OR B IR, R G BRI AN V(A
fif) : M(CRRCTE)=1 © 1153 232 mg N-F 5E-3-(2- K ik
BEIE -4-F5) [ (1h), 2% 63%. & A[EA, mp. 205~
207 “C; 'H NMR (500 MHz, DMSO-ds) 6: 9.43 (s, 1H),
8.64 (d, J=7.9 Hz, 1H), 8.34 (d, J=5.3 Hz, 1H), 8.30 (s,
1H), 7.85 (d, J=7.8 Hz, 2H), 7.53 (d, J=8.2 Hz, 1H), 7.32
(t, J=7.9 Hz, 2H), 7.27 (t, J=7.5 Hz, 1H), 7.20 (t, J=5.9
Hz, 2H), 6.96 (t, J=7.3 Hz, 1H), 3.88 (s, 3H); '*C NMR
(126 MHz, CDCL3) 0: 161.4, 159.1, 156.0, 138.9, 136.8,
130.3, 127.7, 124.9, 121.6, 121.2, 120.9, 120.2, 118.7,
112.8, 108.7, 106.9, 32.2; HRMS (ESI) calecd for
Ci9HNaNy (M+Na)" 323.1267, found 323.1241.

324 N-FH-3-(2-F Ao -4- ) 73] R (1) 9 A A%

1] 10 mL S N 3-(2- S0 i -4 - 2 )- 1 - i |
W%(729 mg, 3 mmol). HIEHIER(198 mg, 3.3 mmol). P =
I PAE(174 mg, 0.15 mmol). K3PO4 (1.908 g, 9 mmol).
15 mL PUSREI AN 3 mL 7K, 7RI, M#AZE 100 C
SN 24 h, RBEERAETEZRR, K, A F AR
(20 mL X 3), &IH N, KRBT, 9EAR4SE,
HZEN B (RITH R ) H] 75 mg N-H -
3-(2- F FE M g -4- ) M5 W (1), 7258 8%. I v (0 [ 4
m.p. 145~147 “C; 'H NMR (500 MHz, CDCls) J: 8.43
(d, J=5.4 Hz, 1H), 8.32 (d, J=7.0 Hz, 1H), 7.76 (s, 1H),
7.33~7.27 (m, 2H), 7.23 (d, J=6.9 Hz, 2H), 3.76 (s, 3H),
2.69 (s, 3H); 3C NMR (126 MHz, CDCls) 6: 166.9, 160.5,
155.3, 136.9, 130.3, 124.9, 121.7, 120.6, 120.4, 112.6,
112.1, 108.8, 32.3, 25.4; HRMS (ESI) caled for C4Hi4N;
(M-+H)" 224.1182, found 224.1177.
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3.3 N-EAE-2-FKE-3-(2- M3 MKEE-4- 5 )I5| MR T 4 489
=yp4

7] 10 mL I 1a (119.2 mg, 0.4 mmol).
2K (163.2 mg, 0.8 mmol). Pd(OAc), (26.9 mg, 0.12
mmol). Ag,COs3 (220 mg, 0.8 mmol). Na,COs (84.8 mg,
0.8 mmol). — K (104.8 mg, 0.4 mmol)F1 2 mL 1,4-
TSR, REAMRY, INAE 120 CA 24 h. M
SRS ERRE, K LR RS RS,
PREGIER, DR, W2 E 0 BRIFFIA VA
fit) - M(CIRCT8)=3 @ 2]4i4615 8] 134.7 mg N-HHE-2-
IR -3-(2- M R g -4-JE )5 (3aa), F72E 91%. B[]
&, m.p. 138~140 ‘C; 'H NMR (500 MHz, CDCl;) &:
8.25 (d, J=7.9 Hz, 1H), 7.96 (d, J=5.3 Hz, 1H), 7.40 (dd,
J=52, 1.9 Hz, 3H), 7.34~7.30 (m, 3H), 7.26 (t, J=7.5
Hz, 1H), 7.21 (t, J=7.4 Hz, 1H), 6.19 (d, J=5.2 Hz, 1H),
3.66~3.61 (m, 8H), 3.51 (s, 3H); 3C NMR (126 MHz,
CDCls) d: 166.7, 161.5, 160.6, 155.4, 141.0, 136.4, 131.3,
129.6, 127.7, 125.3, 121.7, 120.4, 120.3, 111.6, 108.7,
107.9, 65.9, 43.2, 29.8; HRMS (ESI) calcd for Co3H2N,0
(M+H)*371.1866, found 371.1868.

N-FBE-2-(1- FF L 2335k )- 3 - (2- N s e -4- 35k ) s e
(3ab): & 90% (138.4 mg). WKE ML, mp. 178~
180 “C; '"H NMR (500 MHz, CDCl;) d: 8.26 (d, J=7.7
Hz, 1H), 7.96 (d, J=5.3 Hz, 1H), 7.31 (dd, J=6.1, 2.1 Hz,
1H), 7.29~7.25 (m, 1H), 7.24 (dd, J=8.1, 1.3 Hz, 1H),
7.22~7.18 (m, 2H), 7.13~7.08 (m, 2H), 6.19 (d, J=5.3
Hz, 1H), 3.65 (q, J=2.4 Hz, 8H), 3.50 (s, 3H), 2.32 (s,
3H); 3C NMR (126 MHz, CDCl3) d: 161.6, 160.7, 155.3,
1413, 137.5, 136.4, 1312, 130.1, 129.6, 128.5, 127.6,
126.6, 125.3, 121.5, 120.4, 120.3, 111.4, 108.7, 107.9,
65.9, 43.2, 29.7, 20.4; HRMS (ESI) calcd for CasHasN4O
(M-+H)" 385.2023, found 385.2022.

N-FABE-2-(1-FF B 243 )-3-(2- N s e -4 35k ) s e
(3ac): 7 78% (120.0 mg). REOHE K, mp. 132~
135 “C; '"H NMR (500 MHz, CDCl;) J: 8.26 (d, J=7.8
Hz, 1H), 7.96 (d, J=5.3 Hz, 1H), 7.31 (d, J=7.8 Hz, 1H),
7.25 (t, J=7.2 Hz, 1H), 7.22~7.17 (m, 5H), 6.20 (d, J=
5.3 Hz, 1H), 3.66 (s, 8H), 3.50 (s, 3H), 2.37 (s, 3H); 1°C
NMR (126 MHz, CDCLy) o: 161.7, 160.7, 155.4, 1412,
137.7, 136.4, 129.5, 128.5, 125.3, 121.6, 120.3, 120.3,
111.4, 108.7, 107.9, 65.9, 43.3, 29.7, 20.4.; HRMS (ESI)
caled for CasHasN4O (M+H) ™ 385.2023, found 385.2019.

N-FA 32 (1- F AR JE 2K -4- 358 ) - 3-(2- P i g -4 ) |
W(3ad): 77H 34% (54.5 mg). WHEGEE, mp. 71~
73 °C; '"H NMR (500 MHz, CDCl;) §: 8.27 (d, J=7.8 Hz,
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1H), 7.96 (d, J=5.3 Hz, 1H), 7.31 (d, J=8.0 Hz, 1H),
7.27~7.19 (m, 4H), 6.93 (d, J=8.7 Hz, 2H), 6.17 (d, J=
5.3 Hz, 1H), 3.81 (s, 3H), 3.68 (s, 8H), 3.51 (s, 3H); 1*C
NMR (126 MHz, CDCly) §: 161.8, 160.7, 159.0, 155.3,
141.0, 136.4, 130.8, 125.4, 123.2, 121.6, 120.3, 120.3,
113.2, 111.4, 108.6, 107.9, 65.9, 54.3, 43.3, 29.7; HRMS
(ESI) caled for CaHasN4O, (M+H)" 401.1972, found
401.1973.

N-FF -2 (1- F AR B DR -3 - 35 ) -3 (2- P g g -4 355 ) |
Wk(3ae): 7K 51% (81.7 mg). WKHEOE R, mp. 186~
187 “C; '"H NMR (500 MHz, CDCls) &: 8.27 (d, J=7.9
Hz, 1H), 7.97 (d, J=5.3 Hz, 1H), 7.32 (dt, J=7.9, 3.9 Hz,
2H), 7.26 (t, J=7.1 Hz, 1H), 7.21 (t, J=7.4 Hz, 1H), 6.94
(dd, J=8.3, 2.6 Hz, 1H), 6.90 (dt, J=7.5, 1.2 Hz, 1H),
6.85 (dd, J=2.5, 1.4 Hz, 1H), 6.22 (d, J=5.3 Hz, 1H),
3.73 (s, 3H), 3.67 (s, 8H), 3.52 (s, 3H); *C NMR (126
MHz, CDCls) 6: 161.5, 160.6, 158.7, 155.3, 140.8, 136.4,
132.5, 128.8, 125.2, 121.9, 121.7, 120.4, 120.3, 115.1,
113.3, 111.4, 108.7, 107.9, 65.9, 54.3, 43.2, 29.7; HRMS
(ESI) caled for Cp4HasN4sO, (M+H)" 401.1972, found
401.1972.

N-F 3 2-(1- U5 -4- FE )-3-(2- 1 I % e -4- ) | e
(3af): P2F 70% (113.4 mg). KEAOFEE, mp. 140~
143 “C; '"H NMR (500 MHz, CDCl;) d: 8.49 (d, J=7.9
Hz, 1H), 8.33 (d, J=5.3 Hz, 1H), 7.71~7.67 (m, 2H),
7.63 (d, J=8.1 Hz, 1H), 7.56 (dd, J=8.3, 1.7 Hz, 3H),
7.54~7.49 (m, 1H), 6.59 (d, J=5.3 Hz, 1H), 3.96~3.93
(m, 4H), 3.91~3.88 (m, 4H), 3.82 (s, 3H); 3C NMR (126
MHz, CDCl:) 6: 161.2, 160.6, 155.7, 139.4, 136.5, 133.9,
131.0, 129.8, 128.0, 125.2, 121.9, 120.5, 120.1, 112.0,
108.8, 107.9, 65.9, 43.1, 29.7; HRMS (ESI) caled for
Ca3HpCINGO (M+H) " 405.1477, found 405.1479.

N-FR -2 (1-F 2 2K -3 - 35 )-3-(2- M I g g -4 356 ) i g
(3ag): FE 74% (119.9 mg). K AFE K, mp. 179~
180 “C; '"H NMR (500 MHz, CDCls) &: 8.47 (d, J=17.9
Hz, 1H), 8.35 (d, J=5.3 Hz, 1H), 7.67~7.61 (m, 4H),
7.57 (ddd, J=8.2, 7.0, 1.3 Hz, 1H), 7.53~7.48 (m, 2H),
6.63 (d, J=5.3 Hz, 1H), 3.94 (td, J=4.9, 1.5 Hz, 4H),
3.90~3.87 (m, 4H), 3.82 (s, 3H); '*C NMR (126 MHz,
CDCls) d: 161.0, 160.6, 155.7, 138.9, 136.5, 133.6, 133.3,
129.7, 128.9, 127.9, 127.8, 125.1, 121.9, 120.5, 120.1,
112.1, 108.8, 107.9, 65.9, 43.1, 29.8; HRMS (ESI) calcd
for Ca3H2,CINGO (M+H) " 405.1477, found 405.1481.

N- 35 2 (1- B0 A -4- 5 )-3-(2- Tl I s e -4 25 ) g e
(3ah): P7FE 77% (119.6 mg). ¥EOEE, mp. 91~
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93 °C; 'H NMR (500 MHz, CDCl3) 0: 8.22 (d, J=7.9 Hz,
1H), 8.00 (d, J=5.3 Hz, 1H), 7.34~7.27 (m, 4H), 7.21 (t,
J=17.0 Hz, 1H), 7.11 (t, J=8.6 Hz, 2H), 6.20 (d, J=5.3
Hz, 1H), 3.65 (d, J=3.5 Hz, 8H), 3.52 (s, 3H); 3C NMR
(126 MHz, CDCls) §: 163.0, 161.4, 161.1, 139.7, 136.4,
131.5 (d, 3Jcr=8.8 Hz), 127.2 (d, “Jcr=2.5 Hz), 125.2,
121.1 (d, Jer=202.9 Hz), 120.5, 115.0, 114.8, 114.7 (d,
2Jer=21.4 Hz), 111.9, 108.8, 107.9, 65.9, 43.21, 29.7;
HRMS (ESI) caled for CosHnFN4O (M+H)™ 389.1772,
found 389.1772.

N-FF 2 (1- 95 2 -3- 35 )-3-(2- 1L I 1 e -4 ) g e
(3ai): °F 81% (125.9 mg). KHEHGHEIE, mp. 129~
131 °C; 'H NMR (500 MHz, CDCl3) J: 8.19 (d, J=8.0
Hz, 1H), 8.02 (d, J=5.2 Hz, 1H), 7.40~7.36 (m, 1H),
7.33 (d, J=8.2 Hz, 1H), 7.27 (t, J=7.5 Hz, 1H), 7.21 (t,
J=7.5 Hz, 1H), 7.09 (dd, J=11.3, 5.2 Hz, 2H), 7.07~
7.03 (m, 1H), 6.27 (d, J=5.2 Hz, 1H), 3.65~3.60 (m,
8H), 3.52 (s, 3H); *C NMR (126 MHz, CDCl;) 0: 162.7,
161.1, 160.7 (d, 2Jcr=11.3 Hz), 155.7, 139.1 (d, “Jer=
2.5 Hz), 136.4, 133.5 (d, 3Jcr=8.8 Hz), 129.3 (d, *Jer=
8.8 Hz), 125.5 (d, “Jer=2.5 Hz), 125.1, 122.0, 120.5,
120.2, 116.8 (d, 2Jer=21.4 Hz), 114.7 (d, 2Jcr=20.2 Hz),
112.05, 108.8, 108.0, 65.8, 43.1, 29.7; HRMS (ESI) calcd
for Co3H2,FN,O (M+H)" 389.1772, found 389.1772.

N-FF 6 -2-(1- = 30 FF SR TR -4- 3 )-3-(2- M s g -4- 35 )
W5 (3aj): 725 88% (154.3 mg). B E[EA, mp. 167~
169 C; 'H NMR (500 MHz, CDCl3) d: 8.13 (d, J=7.9
Hz, 1H), 8.07 (d, J=5.2 Hz, 1H), 7.66 (d, J=8.0 Hz, 2H),
7.45 (d, J=8.0 Hz, 2H), 7.34 (d, J=8.1 Hz, 1H), 7.28
(ddd, J=8.2, 7.0, 1.2 Hz, 1H), 7.22 (ddd, J=8.2, 7.0, 1.2
Hz, 1H), 6.38 (d, J=5.3 Hz, 1H), 3.60~3.57 (m, 4H),
3.52 (s, 3H), 3.48 (t, J=4.8 Hz, 4H); 3C NMR (126 MHz,
CDCl;) J: 160.8, 160.6, 156.0, 138.8, 136.6, 135.4, 130.2,
129.7 (q, Joer=32.8 Hz), 124.5 (q, Jor=3.8 Hz), 123.5 (q,
Jer=273.4 Hz), 124.0, 122.1, 120.6, 119.9, 112.4, 108.9,
108.0, 65.8, 429, 29.9; HRMS (ESI) caled for
Ca4sH2F3N,O (M+H) " 439.1740, found 439.1740.

N-FRBE-2-(1- =3 FP AR 2 R -4 Jk )-3-(2- N R s g -4-
Fo)E| W 3ak): FEE 63% (114.5 mg). A EE, mp.
161~163 °C; 'H NMR (500 MHz, CDCL3) §: 8.16 (d, J=
7.9 Hz, 1H), 8.04 (d, J=5.2 Hz, 1H), 7.38~7.32 (m, 3H),
7.30~7.24 (m, 3H), 7.21 (t, J=7.5 Hz, 1H), 6.29 (d, J=
5.2 Hz, 1H), 3.63 (t, J=4.6 Hz, 4H), 3.57 (t, J=4.6 Hz,
4H), 3.53 (s, 3H); '3C NMR (126 MHz, CDCl3) d: 161.1,
160.6, 155.7, 148.5 (d, Jer=1.3 Hz), 139.0, 136.5, 131.2,
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129.9, 125.1, 121.9, 120.4, 120.0, 119.9, 119.4 (q, Jer=
259.6 Hz), 112.1, 108.8, 108.0, 65.8, 43.1, 29.8; HRMS
(ESI) caled for CaqHyF3N40, (M+H)455.1689, found
455.1691.

N-F R -2-(1- U R -4-F5 ) -3 - (2- HE R 1 g -4~ 5 ) 5| e
(3al): P2F 66% (1044 mg). ¥ O E A, mp. 144~
145 °C; 'H NMR (500 MHz, CDCls) d: 8.12 (dd, J=8.0,
1.1 Hz, 1H), 8.06 (d, J=5.2 Hz, 1H), 7.71~7.66 (m, 2H),
7.47~7.43 (m, 2H), 7.35 (d, J=8.2 Hz, 1H), 7.29 (ddd,
J=82, 7.0, 1.2 Hz, 1H), 7.22 (ddd, J=8.0, 6.9, 1.2 Hz,
1H), 6.29 (d, J=5.2 Hz, 1H), 3.62 (dd, J=5.7, 3.9 Hz,
4H), 3.54 (d, J=3.0 Hz, 7H); 3C NMR (126 MHz, CDCl;)
J: 160.6, 160.5, 156.0, 138.0, 136.7, 136.3, 131.2, 130.6,
125.0, 122.3, 120.7, 120.0, 117.2, 112.8, 111.3, 108.9,
108.1, 65.8, 43.0, 29.9; HRMS (ESI) calcd for C24H2NsO
(M~+H)" 396.1819, found 396.1819.

N-F -2 -(1 - TR -3 - )-3 - (2- P o s i -4 ke P
(3am): 7F 76% (120.2 mg). HEHEOEE, mp. 165~
167 ‘C; '"H NMR (500 MHz, CDCLs) ¢: 8.11 (d, J=7.9
Hz, 1H), 8.07 (d, J=5.2 Hz, 1H), 7.70~7.64 (m, 2H),
7.56 (dt, J=7.8, 1.6 Hz, 1H), 7.52 (t, J=7.7 Hz, 1H), 7.35
(d, J=8.1 Hz, 1H), 7.29 (ddd, J=8.2, 6.9, 1.2 Hz, 1H),
7.22 (ddd, J=8.2, 6.9, 1.2 Hz, 1H), 6.33 (d, J=5.2 Hz,
1H), 3.62 (dd, J=5.7, 3.9 Hz, 4H), 3.53 (d, J=6.7 Hz,
7H); *C NMR (126 MHz, CDCl;) §: 160.6, 160.6, 156.1,
137.4, 136.5, 134.2, 1332, 133.0, 130.9, 128.5, 125.0,
122.3, 120.7, 120.0, 117.1, 112.8, 111.9, 108.9, 108.0,
65.8, 43.0, 29.9; HRMS (ESI) calcd for CasHpNsO (M+
H)" 396.1819, found 396.1814.

N-FF 2 (1 - o T -4 55 )-3- (2 P R % 2 -4 5 g e
(3an): 77E 63% (104.7 mg). ¥ A E 4K, mp. 105~
106 “C; '"H NMR (500 MHz, CDCl;) d: 8.26 (d, J=8.7
Hz, 2H), 8.12 (d, J=8.0 Hz, 1H), 8.07 (d, J=5.2 Hz, 1H),
7.53 (d, J=8.7 Hz, 2H), 7.37 (d, J=8.2 Hz, 1H), 7.33~
7.29 (m, 1H), 7.26~7.21 (m, 1H), 6.32 (d, J=5.2 Hz,
1H), 3.61~3.58 (m, 4H), 3.57 (s, 3H), 3.55~3.51 (m,
4H); 3C NMR (126 MHz, CDCLy) 6: 160.6, 156.2, 146.8,
138.3, 137.6, 136.9, 130.8, 125.1, 122.7, 122.5, 120.8,
120.1, 113.2, 109.0, 108.2, 65.8, 43.0, 30.0; HRMS (ESI)
caled for C3HoNsO3 (M—+H)" 416.1717, found 416.1718.

N-FJE-2-(1, 3- R OR-5-05)-3-(2- I bR s g -4- 5% )
5] Ik (3a0): 77 70% (111.6 mg). % & A E 4K, mp.
148~149 “C; 'H NMR (500 MHz, CDCl;) §: 8.32~8.25
(m, 1H), 7.96 (d, J=5.3 Hz, 1H), 7.34~7.29 (m, 1H),
7.28~7.22 (m, 1H), 7.20 (td, J=7.4, 1.2 Hz, 1H), 7.02 (s,
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1H), 6.92 (d, J=1.6 Hz, 2H), 6.20 (d, J=5.3 Hz, 1H), 3.67
(s, 8H), 3.50 (s, 3H), 2.28 (s, 6H); 3C NMR (126 MHz,
CDCls) 6: 161.7, 160.6, 155.2, 141.6, 137.3, 136.3, 131.1,
129.4, 127.1, 125.3, 121.5, 120.4, 120.2, 111.2, 108.6,
107.9, 65.9, 43.2, 29.7, 20.2; HRMS (ESI) calcd for
CasHyN,O (M+H) " 399.2179, found 399.2180.

N-FFE-2-(1, 2- - F LR -4-38)-3-(2- N IR e -4- Fi )
W5k (3ap): =% 65% (103.6 mg). 3% #% L[l 4K, m.p.
193~194 °C; '"H NMR (500 MHz, CDCls) J: 8.31~8.25
(m, 1H), 7.95 (d, J=5.3 Hz, 1H), 7.31 (d, J=8.0 Hz, 1H),
7.26~7.22 (m, 1H), 7.22~7.14 (m, 2H), 7.09~7.01 (m,
2H), 6.20 (d, J=5.3 Hz, 1H), 3.67 (s, 8H), 3.50 (s, 3H),
2.28 (s, 3H), 2.22 (s, 3H); 3C NMR (126 MHz, CDCl;) §:
161.8, 160.6, 155.2, 141.5, 136.4, 136.3, 136.0, 130.5,
129.0, 128.6, 126.9, 125.3, 121.5, 120.3, 120.2, 111.2,
108.6, 107.9, 65.9, 43.2, 29.7, 18.8, 18.7; HRMS (ESI)
caled for CosHa7N4O (M+H)399.2179, found 399.2181.

N-FRE-2-(1, 3- G AR-5-%)-3-(2- N Ml g -4- 2 ) g
Wk(3aq): F 65% (114.2 mg). WK, mp. 157~
160 “C; '"H NMR (500 MHz, CDCl3) 6: 8.13~8.08 (m,
2H), 7.39 (t, J=1.8 Hz, 1H), 7.34 (d, J=8.3 Hz, 1H),
7.31~7.26 (m, 1H), 7.25~7.19 (m, 3H), 6.44 (d, J=5.2
Hz, 1H), 3.66~3.62 (m, 4H), 3.60~3.54 (m, 4H), 3.53 (s,
3H); '3C NMR (126 MHz, CDCl:) 6: 160.5, 156.0, 136.4,
134.6, 134.2, 129.4, 128.1, 127.6, 127.1, 124.9, 122.2,
120.6, 119.9, 112.6, 108.9, 108.0, 65.8, 43.0, 29.8; HRMS
(ESI) caled for C3HaiCLN,O (M+H)" 439.1087, found
439.1092.

N-HIEE-2-(1, 2- Z5UAR-4-F5)-3-(2- N Ik e g -4 - ) g
We3ar): 7% 55% (96.7 mg). WO E K, mp. 189~
190 ‘C; '"H NMR (500 MHz, CDCls) d: 8.12 (d, J=38.1
Hz, 1H), 8.09 (d, J=5.2 Hz, 1H), 7.49~7.44 (m, 2H),
733 (d, J=8.1 Hz, 1H), 7.28 (ddd, J=8.2, 6.8, 1.2 Hz,
1H), 7.21 (ddd, J=8.1, 6.9, 1.2 Hz, 1H), 7.14 (dd, J=8.2,
2.0 Hz, 1H), 6.39 (d, J=5.3 Hz, 1H), 3.63 (dd, J=5.7, 3.9
Hz, 4H), 3.55 (t, J=4.8 Hz, 4H), 3.53 (s, 3H); 3C NMR
(126 MHz, CDCLy) 6: 160.7, 160.5, 155.9, 137.7, 136.5,
132.1, 131.9, 131.5, 131.5, 129.6, 129.0, 125.0, 122.1,
120.5, 120.0, 112.4, 108.9, 107.9, 65.8, 43.0, 29.8; HRMS
(ESI) caled for Cp3HaCLN,O (M+H)™ 439.1087, found
439.1089.

N- k-2 (1- P -2- G -4- i )-3-(2- Ml I 16 g -4-
) (3as): FEER 79% (132.4 mg). HEEA, mop.
177~179 °C; 'H NMR (500 MHz, CDCL3) §: 8.19 (d, J=
7.9 Hz, 1H), 8.03 (d, J=5.3 Hz, 1H), 7.35~7.30 (m, 2H),
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7.28~7.24 (m, 2H), 7.23~7.18 (m, 1H), 7.09 (dd, J=7.7,
1.6 Hz, 1H), 6.31 (d, J=5.3 Hz, 1H), 3.66~3.59 (m, 8H),
3.51 (s, 3H), 2.39 (s, 3H); *C NMR (126 MHz, CDCl;) ¢:
161.1, 160.5, 155.6, 139.2, 136.4, 135.7, 133.6, 130.4,
130.1, 130.0, 127.9, 125.1, 121.8, 120.4, 120.1, 111.9,
108.7, 107.9, 65.9, 43.1, 29.7, 19.0; HRMS (ESI) calcd for
Ca4H4CIN,O (M+H) " 419.1633, found 419.1637.

N- P2 2R 5L -3-(2- V- P R MR e i e -4 5k ) g e
(3ba): P7FE 51% (78.2 mg). WREAEEK, mp. 147~
148 “C; '"H NMR (500 MHz, CDCl;) d: 8.26 (d, J=8.0
Hz, 1H), 7.96 (d, J=5.3 Hz, 1H), 7.40 (dd, J/=5.0, 1.9 Hz,
3H), 7.35~7.31 (m, 3H), 7.28~7.24 (m, 1H), 7.21 (ddd,
J=8.1, 7.0, 1.2 Hz, 1H), 6.16 (d, J=5.3 Hz, 1H), 3.73~
3.66 (m, 4H), 3.53~3.51 (m, 3H), 2.38 (t, J=5.1 Hz, 4H),
2.28 (s, 3H); 3C NMR (126 MHz, CDCls) 6: 161.4, 160.6,
155.4, 140.8, 136.4, 131.3, 129.6, 127.7, 127.7, 125.3,
121.6, 120.3, 120.3, 111.7, 108.6, 107.7, 54.0, 45.1, 42.5,
29.7; HRMS (ESI) caled for CyuHyNs (M + H) ©
384.2183, found 384.2188.

N-FF 356 -2 2 35 -3(2- V- 2% Jo W P 5 1k i -4 355 ) g |
(3ca): 7 FE 20% (35.6 mg). M EE A, mp. 131~
133 “C; '"H NMR (500 MHz, CDCl;) d: 8.28 (d, J=7.8
Hz, 1H), 7.98 (d, J=5.1 Hz, 1H), 7.42~7.39 (m, 3H),
7.34~7.31 (m, 3H), 7.28~7.25 (m, 1H), 7.25~7.19 (m,
4H), 6.90 (d, J=8.1 Hz, 2H), 6.80 (t, J=7.2 Hz, 1H), 6.19
(d, J=5.3 Hz, 1H), 3.82 (t, J=5.1 Hz, 4H), 3.51 (s, 3H),
3.13 (t, J=5.2 Hz, 4H); 3C NMR (126 MHz, CDCl;) ¢:
166.6, 161.6, 155.4, 150.5, 141.0, 136.4, 131.3, 129.9,
129.6, 128.1, 127.7, 125.3, 121.6, 120.3, 120.3, 118.9,
115.4, 111.6, 108.7, 107.8, 48.4, 42.7, 29.7; HRMS (ESI)
caled for CooHagNs (M+H) " 446.2339, found 446.2342.

N-H 32 K 3 (2-N,N,N'- = Ff 3k 7, — i W g -4
FHME Wk 3da): 77 21% (324 mg). EEMHIRY). 'H
NMR (500 MHz, CDCl;) 6: 8.39 (d, J=8.0 Hz, 1H), 7.91
(d, J=5.4 Hz, 1H), 7.44~7.38 (m, 3H), 7.35~7.29 (m,
3H), 7.25 (t, J=7.5 Hz, 1H), 7.18 (d, J=8.0 Hz, 1H), 6.03
(d, J=5.3 Hz, 1H), 3.79 (t, J=7.3 Hz, 2H), 3.51 (s, 3H),
3.10 (s, 3H), 2.68 (t, J=7.3 Hz, 2H), 2.38 (s, 6H); 1*C
NMR (126 MHz, CDCly) J 161.5, 160.7, 155.3, 140.8,
136.3, 131.2, 129.6, 127.0, 127.81, 125.4, 121.6, 120.8,
120.1, 111.7, 108.6, 107.2, 54.9, 45.6, 43.9, 34.7, 29.7;
HRMS (ESI) caled for CpHxNs (M+H) " 386.2339,
found 386.2343.

N-F B -2- DR L -3-(2- 34 O & 35 W -4- 35 ) I Wk (Bea):
FEE 58% (88.7 mg). IR FHAE A, mp. 179~182 C; 'H
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NMR (500 MHz, CDCLy) ¢: 8.44 (d, J=7.9 Hz, 1H), 7.82
(d, J=5.4 Hz, 1H), 7.44~7.39 (m, 3H), 7.35~7.29 (m,
3H), 7.25 (t, J=7.2 Hz, 1H), 7.20 (t, J=7.4 Hz, 1H), 5.96
(d, J=5.4 Hz, 1H), 4.93 (d, J=8.3 Hz, 1H), 3.78 (td, J=
14.3, 7.1 Hz, 1H), 3.50 (s, 3H), 2.03~1.96 (m, 2H), 1.69
(dt, J=12.8, 3.2 Hz, 2H), 1.61~1.54 (m, 1H), 1.40~1.31
(m, 2H), 1.20~1.10 (m, 3H); *C NMR (126 MHz,
CDCly) d: 162.1, 160.6, 155.4, 140.8, 136.3, 131.1, 129.6,
127.9, 127.8, 125.5, 121.6, 121.0, 120.2, 111.4, 108.5,
107.6, 48.5, 32.4, 29.7, 24.8, 24.0; HRMS (ESI) calcd for
CasHy Ny (M+H)" 383.2230, found 383.2229.

N-FJE-2 - ZRHE-3-(2-1F T i g -4-55) 5|k (3fa): 7~
R 44% (62.7 mg). RO, mp. 134~136 C; 'H
NMR (500 MHz, CDCL3) 0: 8.43 (d, J=7.9 Hz, 1H), 7.83
(d, J=5.4 Hz, 1H), 7.43~7.40 (m, 3H), 7.35~7.30 (m,
3H), 7.26 (td, J=8.1, 7.6, 1.3 Hz, 1H), 7.23~7.19 (m,
1H), 5.99 (d, J=5.4 Hz, 1H), 4.99 (t, J=5.8 Hz, 1H), 3.51
(s, 3H), 3.34 (td, J=7.2, 5.7 Hz, 2H), 1.58~1.51 (m, 2H),
1.37 (h, J=7.4 Hz, 2H), 0.90 (t, J=7.3 Hz, 3H); '*C NMR
(126 MHz, CDCL3) 0: 162.1, 161.3, 155.2, 140.9, 136.4,
131.0, 129.6, 127.9, 127.8, 125.5, 121.7, 121.0, 120.2,
111.4, 108.5, 107.8, 40.2, 30.9, 29.7, 19.2, 12.9; HRMS
(ESI) caled for CyHasNy (M + H) " 357.2074, found
357.2068.

N- FF 3 -2 2R J -3-(2- - A i M g -4- 225 ) 15| Wk (3ga):
FEER 53% (69.5 mg). AHEAL, mp. 147~149 C; 'H
NMR (500 MHz, CDCL3) 6: 8.48 (d, J=7.9 Hz, 1H), 8.00
(d, J=5.3 Hz, 1H), 7.49~7.44 (m, 3H), 7.43~7.35 (m,
3H), 7.35~7.30 (m, 1H), 7.29~7.25 (m, 1H), 6.09 (d, J=
5.3 Hz, 1H), 3.56 (s, 3H), 3.17 (s, 6H); *C NMR (126
MHz, CDCL3) d: 162.4, 162.4, 156.3, 141.8, 137.5, 132.3,
130.8, 128.9, 128.8, 126.6, 122.6, 121.9, 121.3, 112.9,
109.6, 107.7, 37.2, 30.8; HRMS (ESI) caled for CaHaiNy
(M+H)" 329.1761, found 329.1763.

N-F R0 2R L -3-(2- DR g 5 WE -4- 25 ) I B (3ha): ™
2 7% (10.5 mg). R A, mp. 208~211 C; 'H
NMR (500 MHz, CDCL3) 6: 8.39 (d, J=8.0 Hz, 1H), 7.97
(d, J=5.4 Hz, 1H), 7.55~7.51 (m, 2H), 7.44 (dd, J=5.0,
1.8 Hz, 3H), 7.37~7.32 (m, 3H), 7.29~7.25 (m, 1H),
7.25~7.21 (m, 2H), 7.21~7.19 (m, 1H), 6.94 (t, J=7.4
Hz, 1H), 6.18 (d, J=5.4 Hz, 1H), 3.55 (s, 3H); 3C NMR
(126 MHz, CDCL3) 0: 162.3, 158.7, 154.8, 141.1, 138.7,
136.4, 130.7, 129.6, 128.1, 127.9, 127.8, 125.3, 121.8,
121.1, 121.1, 120.4, 118.4, 111.3, 110.0, 108.6, 29.8;
HRMS (ESI) caled for CaosHyNgy (M +H) " 377.1761,
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found 377.1761.

N-F 2 -2 OR J -3-(2- 2K i M g -4- 355 ) 5| (3 h'a):
FEEE 8% (14.5 mg). R AR, mp. 227~235 C; 'H
NMR (500 MHz, CDCL3) 6: 7.87 (d, J=5.5 Hz, 1H), 7.64
(d, J=8.1 Hz, 1H), 7.48~7.45 (m, 3H), 7.35~7.28 (m,
10H), 7.21 (d, J=8.2 Hz, 1H), 7.18~7.12 (m, 3H), 6.82
(ddd, J=8.1, 7.1, 1.0 Hz, 1H), 6.01 (d, J=5.5 Hz, 1H),
3.42 (s, 3H); 3C NMR (126 MHz, CDCls) 6: 161.8, 161.6,
155.1, 144.3, 141.4, 136.1, 131.3, 129.4, 128.3, 128.1,
128.1, 126.8, 125.4, 124.1, 122.3, 121.6, 120.1, 110.6,
108.7, 108.0, 29.5; HRMS (ESI) calcd for C3HysNy (M+
H)" 453.2074, found 453.2073.

N-H -2 B -3-(2- FH L R g -4- 05 ) 15| Wk (Bia): 226
85% (101.7 mg). HLEE, m.p. 145~147 ‘C; 'H NMR
(500 MHz, CDCls) 6: 8.59 (d, J=7.4 Hz, 1H), 8.18 (d, J=
5.5 Hz, 1H), 7.55~7.48 (m, 3H), 7.43~7.37 (m, 3H),
7.37~7.29 (m, 2H), 6.49 (d, J=5.5 Hz, 1H), 3.60 (s, 3H),
2.76 (s, 3H); 3C NMR (126 MHz, CDCl3) 6: 167.7, 162.5,
155.5, 142.1, 137.5, 131.8, 130.7, 129.3, 129.1, 126.5,
123.0, 122.1, 121.8, 115.7, 111.9, 109.6, 30.8, 26.4; HRMS
(ESI) caled for CaoHisN3 (M + H) " 300.1495, found
300.1488.

%4 Bh#4 #L (Supporting Information) {L&4% la~1i,
3aa~3ia [f] '"H NMR Al 3C NMR i, Fib&4) 1a~
Ic, 1g~1i, 3aa~3ia ) HRMS i &, X L4kl al DL 5
AT 355 (http://sioc-journal.cn/)_E R %K.
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