Chinese Journal of Organic Chemistry

% 4’& {& % DOI: 10.6023/cjoc202207032

ARTICLE

ZEMX 2,3-ZS-4-ALIEBR B9k 1 & Bk

®KET %k T THE B K
ERA HIW BB

(EImYEERefb 22 bt HAREIE 137000)

T %

WE HIRW T o-fEEEE RAEEER S [SC+ INDKAER & RS, RO SE I 2 B 2,3- & -4-Ik e B 17K AH &
B TFRCRM, ERFKT, (B)-2-(Z LML) F I -3-PrIE-5- 55 FL-N-J5 L IR -4- 4G BE i 1 AE MG 2 BROh R E[SC+
INJKAHIR G B, PABEUF P~ 28 B2 BUAR 2,3- 40 -4-TLRE i 3.

RERE  IKAHR; RRAEIR R e wknE e

Synthesis of Polysubstituted 2,3-Dihydropyridin-4(1H)-one in Water
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Abstract For the first time, the aqueous [5C+ IN] annulation of a-alkenoyl ketene dithioacetals and amines for the synthesis
of polysubstituted 2,3-dihydropyridin-4(1H)-ones was developed. In boiling water, [SC+ IN] annulation of (E)-2-(bis(ethyl-
thio)methylene)-3-oxo-N,5-diarylpent-4-enamides 1 and organic amines 2 smoothly occurred, and polysubstituted 2,3-dihydro-

pyridin-4(1H)-ones 3 was obtained in moderate yields.
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Figure 1 [5C+1C/N] annulation of a-alkenoyl-a-oxo ketone
dithioacetals in water
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112, WEMT 70 °C, RN 1a Sl ENL, %A B
Frr=¥) 3a 5% 3a' 42 (FE 1, Entries 1~3). FHEREH] 80
°C, RNAEZR AR B, [FIRAA SRR .
24 h J5, BEIR 58%I1) 1a RN, (A —Fh A G E A
B, FEEN 18%. ilid NMR. HRMS [HRAEAT X . fH
TS 2 b (B 2)0500, iff e 1 1 1) 1 442 3a(E 1,
Entry 4). 7E 100 °C B NS Fc T, 3a (7= 2 A8k F
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M, SR E A AR (R 1, Entries 7, 8). 74h,
NS 3a', 1E 100 °C i} 1a 55 2a FIEE/REE A 10 1 3
1TRNE, [FIFEAE R 3a, A KIEIA 3a 2 E (5K 1, Entry
9), MEkaE 1a 5 2a (EE/REE N2 ¢ 1, RV ERZE, 1a
IR H 75%, [RIFERA MEEENA 3a' 4 (3R 1, Entry
10). MR¥E LRGSR, A H 3a AR R 2 F2: 100 °C,
15 2 EE/REEA 113, [ 14 h(Z, Entry 6).
R RPZMHA

Table 1 Screening of reaction conditions®

©/\ Condltlons
EtS SEt
2a
i 2
N
\ \ H
SE'[

Molar ratio of

Entry la 28 /°C Time/h Yield”/%
1 1:2 25 24 0 (96)°
2 1:2 50 24 0(91)
3 1:2 70 24 0 (88)°
4 1:2 80 24 18 (58)°
5 1:2 100 24 41 (29)°
6 1:3 100 14 71
7 1:3 100 24 69
8 1:4 100 12 70
9 101 100 24 20 (41)e4
10 201 100 24 6 (75)°

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

@ Reaction conditions: 1a (0.25 mmol), HO (2 mL); ® isolated yield; ¢ the
recycling rate of 1a; ¢3a’ is not detected.
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5-5 HE-N-75 e R-4-JE TG 1 RS FVE L (R
T, —RIMLEY 1a~1p 5 F % 2a GEAT R & AR
E L, PN PR A Y 2,3- A -4-I gl 3a~3p. &
WRAIGBIE LA IEE N BURHIZEIR EBUREE AL
BRI T ROV, 0 R SR A B B e, JF B
JRFHUREAE RV R FEAAR. 2T 8 LU e 45
I 1q, 5 2a WRERAERA XN, 77K 450 H bR
W) 3q. G, RIS T T AL 2, BIaRL . 2-Ewy
HfZ . IECUHER 3-SR AR NI, 5 1a RGN, [
FE, MBI 2,3- = -4-MEBER 3r~3u DA SR =515
B, B Y 3 FI45Ki@5d "TH NMR . *C NMR fl HRMS
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HE— 2D HE 50, 5, 1a (5 mmol, 1.985g)5 2a KA E R M4 3a (3
1.3 ¥ RMSIRAKIEIFIS mmol, 1.461 g), 72y 60%.
IR RIS, DL 1a A0 2a 105 B 9Bl la Al 20 RIESHRI G, PR E I, B

F2 LR 23-E-4-MBER 3 KA«
Table 2 Polysubstituted synthesis of 2,3-dihydropyridin-4(1H)-one 3

o 0 o o
2 _Ar?
2
AT EtS” SEt 4h N" NH
R R
1 2 3

Cyclization reaction of 1 and 2a
1a: Ar' = Ph 3a: Ar' = Ph, 71%
1b: Ar' = 2-CH3CgH,4 3b: Ar' = 2-CH3CgH,, 68%

o o
1c: Ar! = 3-CH3CgHa /@ 3c: Ar! = 3-CH3CgH,, 66%
J/LYL /@ 1d: Ar! = 4-CH,CgH, KYLH 3d: Ar' = 4-CH3CgHa, 72%

1e: Ar' = 4-CH;0CgH, 3e: Ar! = 4-CH;0CgH,, 69%

A RS 1f: Ar' = 4-BrCgH, NN 3f. Ar' = 4-BrCgHy, 68%
1g: Ar' = 2-furyl 3g: Ar' = 2-furyl, 62%
1h: Ar' = 2-thienyl K@ 3h: Ar' = 2-thienyl, 71%
1i: Ar' = 1-naphthyl 3i: Ar' = 1-naphthyl, 65%
o o 1j; Ar2 = 4-CHyCeHa o Q9 . 3j: Ar? = 4-CH3CgHa, 72%
\ A2 1k Ar2 = 4-CH;0CgH, NA 3k: Ar? = 4-CH30CgHy, 70%
| N 11: Ar2 = 4-FCgH, 3I: Ar? = 4-FCgH,, 66%
Ets” “SEt 1m: Ar? = 3-CICgH, N N@ 3m: Ar? = 3-CICgHy, 67%
1n: Ar? = 4-CICgH, 3n: Ar? = 4-CICgH,, 69%
10: Ar? = 4-BrCgH, 30: Ar? = 4-BrCgH,, 71%
1p: Ar? = 4-ICgH, 3p: Ar? = 4-ICgH,, 68%
o o /@
S¥e
XX N

Cyclization reaction of 1a and 2

Q\/NHZ /\O

2b: X=0 3rX=0,61%
2c:X=8S 3s: X =8, 66%
? 3 O
N
| H
NN P Uy
NH; N” "N

L Ao
: D

@ Conditions: 1 (0.25 mmol), 2 (0.75 mmol), H,O (2 mL), 100 °C, 14 h; ?isolated yields.

3u, 61%
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Figure 2 Crystal structure of 3a
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3a, 3 mmol (1.461 g), 60%
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Figure 3 Gram-scale reactions
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Table 3 Cycle experiment of water

H,0, 100 °C

—_— >

NH,
14 h
2a

Cycle number Reaction time/h Yield/% of 2a
1 14 60
2 14 59
3 14 60
4 14 58
5 14 56

14 R

BT BRI AA ¢ SRR IE RS, SRR
RSN, 5, (BE)-2-(— 2 hi3E) 0 F L -3- 3k -5- 5%
FE-N-75 H: IR -4-1 e 1 5 A UZ 2 &4 Michael AR
NEAE R EAR LT AT 2T IR B R NAR 2 2- 2
fidd-2,3- A -4-Mtnefd 3. ARE, BT 2 5 3T
IR B RS4R3,

2 #ig
M2, KL T (E)-2-(— O ) W FE-3-Fr e -5- 5%
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Figure 4 Proposed mechanism
He-N-T5 H TR -4- WG BE L 1 5 AU 2 BIZKFERR & OB, A
R R A R Z IR 2,3- A -4-MElH 3. 50 4MiE
1) 2,3- & -4-MEBE I & BOTEAR B, IR AR A T
LUK, F BANT ZAEA AL 22 T B Bh 1k 77
LRI, X AR RO > T A R
FIHEIR, WIS OR S B L

3 XIES
3.1 X5

XRC-1 A e A R TH R Z AL IE); Unity-
400 #ZHEILIRAL(BL CDCls N¥EF, TMS NN FR); AB-
SCIEX Triple TOF 4600 {4 ¥ i i {X (ESI-MS/MS); Ht
FHRI38 2 b 4.
32 ZWHE

2,3- 5 -4-MEmE FF R K AH & (L 3a (6 o)
2 1a (0.25 mmol, 99 mg). 7K(2 mL)FZKH fi% 2a (0.75
mmol, 82 mL)7 A MAZR] 20 mL NEH. 2R)5, 1EE
FUIFFE R EIE 14 h. TLC KlRYH &5, 15 1k B,
A AR, KA R = B R ORI PN BE B T
KJE, TERMA TN 10 mL — 50 FF ke ARk ™ i, 7K
Yoo ORI ENT(GE: A LR LR, Vi V=
6 : 1)JE A3 A R1A 3a (86.4 mg), F=FK 71%.

1R JE-2-(FR AR 2 Ik )-4- B -V, 6- — 2K JE-1,4,5,6- 111
ZNMEnE-3-HBEZ (3a): FHEBREE, 86.4 mg, % T1%.
m.p. 163~164 °C; 'H NMR (CDCls, 400 MHz) J: 12.37
(s, 1H), 12.23 (t, J=5.8 Hz, 1H), 7.55 (d, J=8.1 Hz, 2H),
7.39~7.25 (m, 15H), 7.18 (d, J=8.0 Hz, 2H), 7.01 (t, J=
7.4 Hz, 1H), 4.90 (d, J=15.5 Hz, 1H), 4.72 (dd, Ji=15.5
Hz, /,=6.7 Hz, 1H), 4.58 (dd, J1=15.5 Hz, J,=6.7 Hz,
1H), 4.48 (dd, /;=6.4 Hz, J,=2.2 Hz, 1H), 433 (d, J=
15.5 Hz, 1H), 2.89 (dd, J,=16.5 Hz, ,=6.5 Hz, 1H), 2.60
(dd, J/1=16.5 Hz, J,=2.5 Hz, 1H); 3C NMR (CDCl;, 101
MHz) 6: 188.7, 169.4, 167.9, 139.3, 139.2, 137.3, 136.4,

http://sioc-journal.cn/ 745
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129.3 (2C), 129.1 (2C), 129.0 (2C), 128.8 (2C), 128.6,
128.0, 127.9, 127.7 (2C), 127.0 (2C), 126.4 (2C), 123.3,
121.0 (2C), 94.4, 57.2, 57.1, 49.9, 40.6. HRMS cacld for
C3H3N30, [M+H]™ 488.2333, found 488.2336.

1-7FR 2 2 (PR R B 2 )-4- B Jik - N- 2R B -6-0- HH R -
1,4,5,6-VUSEmE-3-FEfZ (3b): A EE A, 85.2 mg, 77
# 68%. m.p. 107~108 °C; '"H NMR (CDCls, 400 MHz) 6:
12.46 (s, 1H), 12.29 (t, J=6.0 Hz, 1H), 7.59 (d, J=7.6 Hz,
2H), 7.37~7.25 (m, 10H), 7.21~7.11 (m, 6H), 7.03 (t,
J=7.4 Hz, 1H), 4.90 (d, J=15.6 Hz, 1H), 4.69-4.56 (m,
3H), 4.21 (d, J=15.6 Hz, 1H), 2.79 (dd, J,=16.3 Hz, J,=
6.8 Hz, 1H), 2.60 (dd, J1=16.3 Hz, /,=4.5 Hz, 1H), 2.09
(s, 3H); 3C NMR (CDCls, 101 MHz) &: 188.1, 170.1,
167.9, 139.2, 137.4, 136.9, 136.3, 125.3, 131.2, 129.3
(20), 129.1 (2C), 128.9 (2C), 128.5, 128.0 (2C), 127.6
(20), 127.0 (2C), 126.7, 126.0, 123.3, 121.1 (2C), 94.3,
56.6, 55.1, 50.2, 40.7, 19.2. HRMS cacld for C33H3,N;0,
[M-+H]" 502.2489, found 502.2494.

1- 7% JE -2~ (% 2 B B )-4- Bk k- V- T i -6-m- HH R -
1,4,5,6-PUENE e -3-FEEIZ (3e): AEA, 82.7 mg, 77
# 66%. m.p. 162~163 °C; 'H NMR (CDCls, 400 MHz) 6:
12.40 (s, 1H), 12.25 (t, J=5.8 Hz, 1H), 7.55 (d, J=7.6 Hz,
2H), 7.35 (t, J=7.4 Hz, 4H), 7.32~7.24 (m, 8H), 7.03 (t,
J=8.1 Hz, 1H), 7.07 (d, J=7.7 Hz, 1H), 7.03~6.98 (m,
3H), 4.89 (d, J=15.5 Hz, 1H), 4.73 (dd, J,=15.4 Hz, J,=
6.8 Hz, 1H), 4.58 (dd, /i=15.4 Hz, ,=5.4 Hz, 1H), 4.45
(dd, J1=6.4 Hz, J,=2.4 Hz, 1H), 432 (d, J=15.5 Hz,
1H), 2.87 (dd, J1=16.6 Hz, J,=6.6 Hz, 1H), 2.59 (dd,
Ji=16.5 Hz, ,=2.5 Hz, 1H), 2.29 (s, 3H); 3C NMR
(CDCl;, 101 MHz) o: 188.7, 169.4, 167.9, 139.2, 138.6,
137.3, 136.4, 129.3 (2C), 129.1 (2C), 128.9, 128.8 (2C),
128.7, 128.5, 128.0, 127.7 (2C), 127.1, 127.0 (2C), 123.3
(2C), 121.0 (2C), 94.3, 57.1, 57.0, 49.9, 40.7, 21.7. HRMS
cacld for Ci;HinN3O, [M + H] © 502.2489, found
502.2496.

1- R 2L 2- (R R 3 )-4- P I -N- 2K B -6-p- FH 2R S -
1,4,5,6-VUEMEmE-3-H FEfZ (3d): A ELE 14, 90.2 mg, 77
£ 72%. m.p. 192~193 °C; 'H NMR (CDCls, 400 MHz) ¢:
12.39 (s, 1H), 12.21 (t, J=6.0 Hz, 1H), 7.55 (d, J=7.6 Hz,
2H), 7.35 (t, J=7.4 Hz, 4H), 7.31~7.24 (m, 8H), 7.10~
7.05 (m, 4H), 7.01 (t, J=7.4 Hz, 1H), 4.87 (d, J=15.5 Hz,
1H), 4.73 (dd, J1=15.5 Hz, J,=6.7 Hz, 1H), 4.58 (dd,
Ji=15.5 Hz, J,=5.6 Hz, 1H), 4.44 (dd, J,=6.3 Hz, J,=
2.3 Hz, 1H), 4.32 (d, J=15.6 Hz, 1H), 2.87 (dd, /i1=16.5
Hz, J,=6.5 Hz, 1H), 2.56 (dd, /i=16.5 Hz, J,=2.6 Hz,
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1H), 2.31 (s, 3H); '3C NMR (CDCls, 101 MHz) J: 188.8,
169.4, 167.9, 139.2, 137.6, 137.3, 136.4, 136.2, 129.6
(20), 129.3 (2C), 129.1 (2C), 128.8 (2C), 128.5, 127.9,
127.6 (2C), 127.0 (2C), 126.3 (2C), 123.3, 121.0 (20),
94.3, 57.0 (2C), 49.9, 40.7, 21.1. HRMS cacld for Cs3Ha,-
N3O, [M+H]" 502.2489, found 502.2493.

1-7F 2 -2-(FF 3 & 3 )-6-(4- F 4 3 2R 3 )-4- i 3 -NV-
IR KL -1,4,5,6- DY SIE e -3- B i (3e): 1 L[] 4, 89.2
mg, 7% 69%. m.p. 133~134 °C; 'H NMR (CDCls, 400
MHz) §: 12.40 (s, 1H), 12.19 (t, J=6.0 Hz, 1H), 7.55 (d,
J=7.5Hz, 2H), 7.37~7.25 (m, 12H), 7. 09 (d, J=8.6 Hz,
2H), 7.01 (t, J=7.4 Hz, 1H), 6.80 (d, J=8.7 Hz, 2H), 4.86
(d, J=15.6 Hz, 1H), 4.68 (dd, J;=15.5 Hz, J,=6.2 Hz,
1H), 4.56 (dd, J1=15.5 Hz, J,=5.6 Hz, 1H), 4.42 (dd,
J1=6.3 Hz, J,=2.5 Hz, 1H), 4.32 (d, J=15.6 Hz, 1H),
3.78 (s, 3H), 2.87 (dd, Ji=16.1 Hz, /,=6.4 Hz, 1H), 2.56
(dd, J1=16.5 Hz, J,=2.7 Hz, 1H); '*C NMR (CDCl;, 101
MHz) 6: 188.9, 169.3, 167.9, 159.2, 139.2, 137.3, 136.4,
131.2, 129.3 (2C), 129.1 (2C), 128.8 (2C), 128.5, 127.9,
127.6 (4C), 127.0 (2C), 123.3, 121.0 (2C), 114.0 (2C),
943, 56.9, 56.7, 55.4, 49.9, 40.7. HRMS cacld for Cs3Ha,-
N;Os; [M+H]" 518.2438, found 518.2435.

1= 32 (W T 51 I )-6-(4- VR R I )-4- BlR HE - N- T 3k -
1,4,5,6-DU &ML me-3-FELZ (3f): HEREAE, 96.1 mg, 7=
# 68%. m.p. 153~154 °C; 'TH NMR (CDCls, 400 MHz) §:
12.29 (s, 1H), 12.26 (t, J=6.2 Hz, 1H), 7.53 (d, J=7.6 Hz,
2H), 7.37~7.25 (m, 12H), 7. 09 (d, J=8.6 Hz, 2H), 7.01
(t, J=7.4 Hz, 1H), 6.80 (d, J=8.7 Hz, 2H), 4.86 (d, J=
15.6 Hz, 1H), 4.68 (dd, J1=15.5 Hz, J,=6.2 Hz, 1H), 4.56
(dd, J1=15.5 Hz, J,=5.6 Hz, 1H), 442 (dd, J;=6.3 Hz,
J,=2.5 Hz, 1H), 4.32 (d, J=15.6 Hz, 1H), 3.78 (s, 3H),
2.87 (dd, J1=16.1 Hz, J,=6.4 Hz, 1H), 2.56 (dd, /;=16.5
Hz, J,=2.7 Hz, 1H); BC NMR (CDCl;, 101 MHz) ¢
188.9, 169.3, 167.9, 159.2, 139.2, 137.3, 136.4, 131.2,
129.3 (2C), 129.1 (2C), 128.8 (2C), 128.5, 127.9, 127.6
(4C), 127.0 (2C), 123.3, 121.0 (2C), 114.0 (2C), 94.3, 56.9,
56.7, 55.4, 49.9, 40.7. HRMS cacld for C3:H3N;03 [M+
H]" 518.2438, found 518.2435.

- FE-2- (R B R )-6- (1K FRg -2- 3% )-4- Bl i - V- 2R k-
1,4,5,6-DU &L -3-F i (3g): A, 73.9 mg, 77
# 62%. m.p. 152~153 °C; 'H NMR (CDCls, 400 MHz) §:
12.37 (s, 1H), 12.09 (t, J=5.8 Hz, 1H), 7.56 (d, J=7.6 Hz,
2H), 7.39~7.25 (m, 11H), 7.22 (d, J=8.1 Hz, 2H), 7.02 (t,
J=17.4 Hz, 1H), 6.28 (dd, J;=3.3 Hz, ,=1.9 Hz, 1H),
6.16 (d, J=3.3 Hz, 1H), 4.82 (d, J=15.3 Hz, 1H), 4.66
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(dd, J1=15.4 Hz, J,=6.8 Hz, 1H), 4.48 (dd, J1=15.5 Hz,
J>,=6.1 Hz, 1H), 4.45 (d, J=6.2 Hz, 1H), 4.42 (d, J=15.3
Hz, 1H), 2.75 (dd, J1=16.8 Hz, /,=6.3 Hz, 1H), 2.57 (dd,
Ji=16.8 Hz, ,=1.9 Hz, 1H); *C NMR (CDCl;, 101
MHz) J: 189.3, 169.2, 167.8, 152.3, 142.6, 139.2, 137.3,
136.2, 129.3 (2C), 129.0 (2C), 128.8 (2C), 128.6, 127.9
(2C), 127.8, 127.0 (2C), 123.3, 121.0 (2C), 110.6, 107.6,
93.7, 57.0, 51.7, 49.8, 37.8. HRMS cacld for C30H23N303
[M-+H]" 478.2125, found 478.2128.

1-9 3 2- (I R I )-6- (WY -2- 3 )-4- PR I -N- T S -
1,4,5,6-MUEUt e -3- It (3h): (IEE 4, 87.5 mg, 7
# 71%. m.p. 118~119 °C; '"H NMR (CDCls, 400 MHz) ¢:
12.32 (s, 1H), 12.22 (br, 1H), 7.54 (d, J=7.8 Hz, 2H),
7.38~7.23 (m, 12H), 7. 22 (d, J=5.0 Hz, 1H), 7.01 (t, J=
7.4 Hz, 1H), 6.91 (dd, J;=4.9 Hz, J,=3.6 Hz, 1H), 6.86
(d, J=3.4 Hz, 1H), 4.79 (d, J=15.3 Hz, 2H), 4.64 (d, J-
5.6 Hz, 1H), 4.48 (d, J=15.3 Hz, 1H), 4.39 (d, J=15.3
Hz, 1H), 2.86 (dd, J;1=16.8 Hz, /,=6.0 Hz, 1H), 2.63 (dd,
Ji=16.8 Hz, /,=1.4 Hz, 1H); 3C NMR (CDCl;, 101
MHz) 6: 189.1, 169.1, 167.8, 143.9, 139.1, 137.1, 136.1,
129.4 (2C), 129.0 (2C), 128.8 (2C), 128.7, 128.0, 127.9
(20), 127.3, 127.2 (2C), 125.0, 124.9, 123.3, 121.0 (2C),
94.4, 57.0, 53.7, 49.7, 39.8. HRMS cacld for C3pHasN30,S
[M+H]" 494.1897, found 494.1895.

1= B 2- (R R R JE )-6-(ZE-1- 58 )-4- o B -N- R 2 -
1,4,5,6-TUAE ke -3- F iEf%(31): (bl ik, 87.3 mg, 77
# 65%. m.p. 79~80 °C; '"H NMR (CDCl3;, 400 MHz) o:
12.41 (s, 1H), 12.36 (t, J=6.1 Hz, 1H), 7.89~7.87 (m,
1H), 7.79 (d, J=8.2 Hz, 1H), 7.67 (d, J=8.6 Hz, 1H), 7.58
(d, J=7.7 Hz, 2H), 7.49~7.45 (m, 2H), 7.40~7.25 (m,
13H), 7.21~7.19 (m, 2H), 7.03 (t, J=7.4 Hz 1H), 4.80 (d,
J=15.8 Hz, 1H), 4.70 (dd, /1=15.5 Hz, J,=6.5 Hz, 1H),
4.62 (dd, J1=15.6 Hz, ,=5.9 Hz, 1H), 4.32 (d, J=15.8
Hz, 1H), 2.99 (dd, J1=16.4 Hz, J,=6.7 Hz, 1H), 2.74 (dd,
Ji=16.4 Hz, /,=4.0 Hz, 1H); 3C NMR (CDCl;, 101
MHz) 6: 188.6, 170.1, 168.1, 139.2, 137.4, 136.6, 134.2,
133.4, 130.5, 129.5, 129.3 (2C), 129.1 (2C), 129.0, 128.9
(20), 128.5, 128.0, 127.5 (2C), 127.0 (2C), 126.8, 126.0,
125.4, 124.3, 123.3, 122.3, 121.1 (2C), 94.0, 56.7, 55.2,
50.0, 41.0. HRMS cacld for C3H3;N;O0, [M+ H] '
538.2489, found 538.2493.

1= 2 - 2-(FF 2 Sk )-4- i ik -6- TR k- - o) R k-
1,4,5,6- DU nE-3-HIE I (35): A EE A, 90.2 mg, ™
# 72%. m.p. 177~178 °C; 'H NMR (CDCls, 400 MHz) ¢:
12.29 (s, 1H), 12.28 (s, 1H), 7.43 (d, J=8.4 Hz, 2H),
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7.37~7.31 (m, 5H), 7.29~7.25 (m, 8H), 7.18 (t, J=17.7
Hz, 2H), 7.07 (d, J=8.2 Hz, 2H), 4.88 (d, J=15.5 Hz,
1H), 4.71 (dd, J1=15.5 Hz, J,=6.7 Hz, 1H), 4.58 (dd,
Ji=15.5 Hz, J,=5.7 Hz, 1H), 4.47 (dd, J1=6.4 Hz, J,=
2.3 Hz, 1H), 4.32 (d, J=15.5 Hz, 1H), 2.88 (dd, /i=16.5
Hz, J,=6.5 Hz, 1H), 2.59 (dd, J,=16.5 Hz, J,=2.6 Hz,
1H), 2.28 (s, 3H); 3C NMR (CDCl;, 101 MHz) J: 188.6,
169.4, 167.8, 139.3, 137.4, 136.5, 136.4, 132.8, 129.4
(2C), 129.3 (2C), 129.1 (2C), 129.0 (2C), 128.5, 127.9
(2C), 127.7 (2C), 127.0 (2C), 126.4 (2C), 121.1 (2C), 94.4,
57.1, 57.0, 49.8, 40.6, 21.0. HRMS cacld for C33H3N;0,
[M+H]" 502.2489, found 502.2491.

-7 JE-2- (R B A ik )-4- Bl ik -6- 2R i -N- X AR B 2R
$-1,4,5,6-VUEE e -3- F % (3k): B EE, 90.5 mg,
P23 70%. m.p. 145~146 °C; '"H NMR (CDCls, 400 MHz)
0: 12.29 (t, J=6.0 Hz, 1H), 12.20 (s, 1H), 7.45 (d, J=8.2
Hz, 2H), 7.37~7.25 (m, 13H), 7.18 (d, J=7.7 Hz, 2H),
6.82 (d, J=8.7 Hz, 2H), 4.88 (d, J=15.6 Hz, 1H), 4.71
(dd, J1=15.5 Hz, J,=6.7 Hz, 1H), 4.58 (dd, Ji=15.5 Hz,
J>,=5.6 Hz, 1H), 4.47 (dd, J1=6.0 Hz, /,=2.4 Hz, 1H),
4.32 (d, J=15.6 Hz, 1H), 3.77 (s, 3H), 2.89 (dd, J;=16.5
Hz, J,=6.5 Hz, 1H), 2.59 (dd, J,=16.5 Hz, J,=2.6 Hz,
1H); 3C NMR (CDCl;, 101 MHz) §: 188.6, 169.4, 167.7,
155.9, 139.3, 137.4, 136.4, 132.3, 129.3 (2C), 129.1 (2C),
129.0 (2C), 128.5, 127.9 (2C), 127.7 (2C), 127.0 (2C),
126.4 (2C), 122.7 (2C), 114.1 (2C), 94.3, 57.1, 57.0, 55.6,
49.8, 40.6. HRMS cacld for C33HipN;O; [M + H]'
518.2438, found 518.2436.

1-F J -2~ 2o 2 Bk )-4- i Fik -6- TR Ik -N- X AR O -
1,4,5.6-DY &tk me -3- H BERZ(3): [ flE ik, 83.3 mg, 7~
# 66%. m.p. 125~126 °C; 'H NMR (CDCl;, 400 MHz) o:
12.36 (s, 1H), 12.18 (t, J=6.0 Hz, 1H), 7.51~7.48 (m,
2H), 7.39~7.25 (m, 13H), 7. 18 (d, J=7.7 Hz, 2H), 6.82
(d, J=8.7 Hz, 2H), 4.90 (d, J=15.5 Hz, 1H), 4.71 (dd,
Ji=15.4 Hz, J,=6.5 Hz, 1H), 4.58 (dd, /1=15.3 Hz, ,=
5.4 Hz, 1H), 4.48 (dd, J,=6.3 Hz, ,=2.6 Hz, 1H), 4.33
(d, J=15.5 Hz, 1H), 2.89 (dd, J1=16.6 Hz, J,=6.5 Hz,
1H), 2.60 (dd, J1=16.5 Hz, J,=2.5 Hz, 1H); *C NMR
(CDCls, 101 MHz) 6: 188.67, 169.29, 167.82, 158.95(d,
J=242.7 Hz), 139.18, 137.22, 136.28, 135.16 (d, J=2.7
Hz), 129.35 (2C), 129.10 (3C), 129.00 (2C), 128.59,
128.02, 127.92, 127.65 (2C), 127.02 (2C), 126.32 (2C),
122.55 (d, J=7.7 Hz), 115.39 (d, J=22.3 Hz), 105.11,
94.12, 57.13, 57.07, 49.93, 40.60. HRMS cacld for C3;Hyo-
FN;0, [M+H]" 506.2238, found 506.2242.
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1= 2 2-(FF 2 S 2L )-4- R FE -6- TR - V- ] G A 2 -
1,4,5,6-TUEMEnE-3- % (3m): FEEA, 87.3 mg, 7=
# 67%. m.p. 127~128 °C; '"H NMR (CDCls, 400 MHz) 6:
12.50 (s, 1H), 12.10 (t, J=6.0 Hz, 1H), 7.75 (s, 1H),
7.39~7.25 (m, 14H), 7.18~7.14 (m, 3H), 6.99~6.96 (m,
1H), 4.90 (d, J=15.5 Hz, 1H), 4.72 (dd, J1=15.4 Hz, J,=
6.7 Hz, 1H), 4.59 (dd, J,=15.4 Hz, J,=5.5 Hz, 1H), 4.48
(dd, J1=6.4 Hz, J,=2.4 Hz, 1H), 4.34 (d, J=15.5 Hz,
1H), 2.88 (dd, J1=16.5 Hz, J,=6.5 Hz, 1H), 2.60 (dd,
Ji=16.5 Hz, J,=2.5 Hz, 1H); '3C NMR (CDCl;, 101
MHz) J: 188.8, 169.2, 168.0, 140.5, 139.1, 137.1, 136.2,
134.4, 129.7, 129.4 (2C), 129.1 (2C), 129.0 (2C), 128.6,
128.1, 128.0, 127.7 (2C), 127.0 (2C), 126.3 (2C), 123.2,
120.9, 118.8, 94.2, 57.2, 57.1, 50.0, 40.7. HRMS cacld for
C3HCIN;O, [M+H]" 522.1943, found 522.1940.

1= J - 2-(FF 2 Sk )-4- i ik -6- TR k- N- X SR 2k -
1,4,5,6-PUS ML mE-3-H BEfZ(3n): AEBREA, 89.9 mg, 7¢
# 69%. m.p. 144~145 °C; 'H NMR (CDCls, 400 MHz) ¢:
12.46 (s, 1H), 12.13 (t, J=6.0 Hz, 1H), 7.50 (d, J=8.8 Hz,
2H), 7.39~7.33 (m, 6H), 7.31~7.25 (m, 7H), 7.21 (d, J=
8.8 Hz, 2H), 7.18 (d, J=7.8 Hz, 2H), 4.90 (d, J=15.5 Hz,
1H), 4.71 (dd, J1=15.5 Hz, J,=6.7 Hz, 1H), 4.59 (dd,
Ji=14.6 Hz, J,=5.5 Hz, 1H), 4.48 (dd, J,=6.3 Hz, J,=
2.1 Hz, 1H), 4.34 (d, J=15.5 Hz, 1H), 2.88 (dd, J1=16.6
Hz, J,=6.5 Hz, 1H), 2.60 (dd, J;=16.6 Hz, J,=2.5 Hz,
1H); 3C NMR (CDCls, 101 MHz) ¢: 188.7, 169.2, 167.8,
139.1, 137.8, 137.2, 136.2, 129.4 (2C), 129.1 (2C), 129.0
(2C), 128.9, 128.8 (2C), 128.6, 128.1, 128.0, 127.7 (2C),
127.0 (2C), 126.3 (2C), 122.1 (2C), 94.2, 57.1 (2C), 50.0,
40.6. HRMS cacld for C3,HaCIN3O, [M+H]" 522.1943,
found 522.1945.

1= 2 27 25 Sk )-4- i ik -6- TR L - V- o) YRR Bk -
1,4,5,6-VU ML mE-3-FEEZ(30): 814, 100.3 mg, 7=
# 71%. m.p. 165~166 °C; 'H NMR (CDCls;, 400 MHz) ¢:
12.46 (s, 1H), 12.11 (t, J=5.9 Hz, 1H), 7.46 (d, J=8.8 Hz,
2H), 7.37~7.25 (m, 15H), 7.17 (d, J=7.6 Hz, 2H), 4.90
(d, J=15.5 Hz, 1H), 4.71 (dd, J1=15.5 Hz, J,=6.7 Hz,
1H), 4.59 (dd, J1=15.4 Hz, J,=5.5 Hz, 1H), 4.48 (dd,
J1=6.3 Hz, J,=2.1 Hz, 1H), 4.34 (d, J=15.5 Hz, 1H),
2.88 (dd, J1=16.6 Hz, J,=6.5 Hz, 1H), 2.60 (dd, J;=17.0
Hz, J,=2.5 Hz, 1H); 3C NMR (CDCl;, 101 MHz) §:
188.7, 169.2, 167.9, 139.1, 138.4, 137.2, 136.2, 131.7
(20), 129.4 (2C), 129.1 (2C), 129.0(2C), 128.6, 128.1,
128.0, 127.7 (2C), 127.0 (2C), 126.3 (2C), 122.2 (2C),
115.6, 94.2, 57.2, 57.1, 50.0, 40.6. HRMS cacld for
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C3H9BrN;O, [M+H]" 566.1438, found 566.1433.

1= J -2 (T 25 B K )-4- R ok -6- TR k- - o) LR O -
1,4,5,6-DUEMEmE-3-FELIZ3p): A E A, 104.2 mg, 7=
K 68%. m.p. 175~176 °C; 'H NMR (CDCl3, 400 MHz) ¢:
12.46 (s, 1H), 12.11 (t, J=5.9 Hz, 1H), 7.54 (d, J=8.7 Hz,
2H), 7.38~7.25 (m, 15H), 7.17 (d, J=7.7 Hz, 2H), 4.90
(d, J=15.5 Hz, 1H), 4.71 (dd, J;=15.5 Hz, J,=6.7 Hz,
1H), 4.59 (dd, J1=15.4 Hz, J,=5.5 Hz, 1H), 4.48 (dd,
Ji=6.3 Hz, J,=2.3 Hz, 1H), 4.33 (d, J=15.5 Hz, 1H),
2.87 (dd, Ji=16.6 Hz, J,=6.5 Hz, 1H), 2.60 (dd, J;=16.6
Hz, J,=2.5 Hz, 1H); 3C NMR (CDCl;, 101 MHz) ¢:
188.7, 169.2, 167.9, 139.1(2C), 137.7 (2C), 137.2, 136.2,
129.4 (2C), 129.1 (2C), 129.0(2C), 128.6, 128.1, 128.0,
127.7 (2C), 127.0 (2C), 126.3 (2C), 122.8 (2C), 94.3, 86.1,
57.2, 57.1, 50.0, 40.6. HRMS cacld for C3;HyIN;0, [M+
H]" 614.1299, found 614.1301.

(E)-1-"FF2-(FF R & I )-4- F L -N-F F -6- K 24
$-1,4,5,6-VUE L RE-3- F B R%(3q): It EME, 79.5 mg,
FEER 62%. m.p. 148~149 °C; '"H NMR (CDCls, 400 MHz)
8: 12.46 (s, 1H), 12.16 (t, J=6.2 Hz, 1H), 7.60 (d, J=7.6
Hz, 2H), 7.41~7.35 (m, 3H), 7.32~7.23 (m, 14H), 7.04
(d, J=7.4 Hz, 1H), 6.42 (d, J=15.9 Hz, 1H), 6.20 (dd,
Ji=15.9 Hz, ,=6.6 Hz, 1H), 4.80 (d, J=15.8 Hz, 1H),
4.63 (dd, J1=15.6 Hz, J,=6.8 Hz, 1H), 4.50 (dd, J;=15.6
Hz, J,=5.8 Hz, 1H), 4.36 (d, J=15.8 Hz, 1H), 3.95 (t, J=
6.2 Hz, 1H), 2.82 (dd, J,=16.6 Hz, J,=6.2 Hz, 1H), 2.34
(dd, J1=16.6 Hz, J,=2.0 Hz, 1H); '*C NMR (CDCl;, 101
MHz) 6: 189.2, 169.0, 168.1, 139.2, 137.5, 136.3, 136.0,
132.6, 129.3 (2C), 129.0 (2C), 128.9(2C), 128.7 (2C),
128.5, 128.3, 127.9, 127.5 (2C), 126.9 (2C), 126.8 (2C),
126.3, 123.4, 1212 (2C), 93.7, 56.5, 56.4, 49.6, 39.8.
HRMS cacld for C3sH3N30, [M+H]" 514.2489, found
514.2492.

1-(PHR M - 2- 5k R ) -2- (WK g -2- 25 P i )-4- Bk B: -V, 6-
TURHE-1,4,5,6- DU AN e -3- I EEZ 3r): A B EE, 71.2
mg, 773 61%. m.p. 103~104 °C; 'H NMR (CDCls, 400
MHz) 0: 12.20 (s, 1H), 11.92 (t, J=5.7 Hz, 1H), 7.51 (d,
J=8.5 Hz, 2H), 7.30~7.23 (m, 8H), 7.17 (d, J=7.4 Hz,
2H), 7.01 (t, J=7.4 Hz, 1H), 6.38-6.27 (m, 1H), 6.35~
6.32 (m, 2H), 4.76~4.74 (m, 2H), 4.69 (d, J=15.4 Hz,
1H), 4.62 (dd, Ji=5.9 Hz, /=22 Hz, 1H), 4.56 (d, J=
15.8 Hz, 1H), 2.99 (dd, Ji=16.6 Hz, ,=5.7 Hz, 1H), 2.75
(dd, J1=16.6 Hz, J,=2.5 Hz, 1H); '*C NMR (CDCl;, 101
MHz) 0: 189.8, 169.3, 167.7, 150.4, 149.3, 143.6, 142.9,
142.1, 139.0, 128.8 (4C), 126.4 (2C), 123.4, 121.1 (2C),
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110.9, 110.7, 110.5, 108.2, 107.2, 94.8, 56.3, 49.8, 43.1,
38.7. HRMS cacld for CasHyN3O4 [M+H]™ 468.1918,
found 468.1920.

1-( PR M -2- 35 B L ) -2 (M Wy -2- 5k FHY i )-4- J 2 -V, 6-
TORHE-1,4,5,6- DU AL e -3- H BE A (3s): T ELELA, 82.9
mg, 773 66%. m.p. 149~150 °C; 'H NMR (CDCls, 400
MHz) §: 12.21 (s, 1H), 11.17 (t, J=5.7 Hz, 1H), 7.52 (d,
J=7.8 Hz, 2H), 7.31~7.20 (m, 10H), 7.03~6.95 (m, 4H),
4.99~491 (m, 2H), 4.83 (dd, Ji=15.6 Hz, J,=5.3 Hz,
1H), 4.62~4.56 (m, 2H), 2.97 (dd, J1=16.6 Hz, J,=6.2
Hz, 1H), 2.75 (dd, J1=16.6 Hz, J,=2.7 Hz, 1H); 13C
NMR (CDCls, 101 MHz) 6: 189.8, 169.3, 167.7, 150.4,
149.3, 143.6, 142.9, 142.1, 139.0, 128.8 (4C), 126.4 (2C),
123.4, 121.1 (2C), 110.9, 110.7, 110.5, 108.2, 107.2, 94.8,
56.3, 49.8, 43.1, 38.7. HRMS cacld for CasHysN30,S,
[M+H]" 500.1461, found 500.1466.

1-C3E-2-( R E 2 )-4- B I -N,6- — K FE-1,4,5,6-
Znbne-3- i (3t): AR, 70.1 mg, F2E 59%.
m.p. 139~140 °C; 'H NMR (CDCls, 400 MHz) &: 12.38
(s, 1H), 11.54 (s, 1H), 7.54 (d, J=8.6 Hz, 2H), 7.34~7.30
(m, 2H), 7.27~7.20 (m, 5H), 6.99 (t, J=7.4 Hz, 1H), 4.50
(dd, /1=6.0 Hz, /,=2.4 Hz, 1H), 3.51~3.43 (m, 1H),
3.37~3.30 (m, 3H), 3.19 (dd, /1=16.4 Hz, J,=6.2 Hz,
1H), 2.79 (dd, Ji=16.4 Hz, J,=2.7 Hz, 1H), 1.77~1.70
(m, 4H), 1.46~1.37 (m, 2H), 1.33~1.30 (m, 10H), 0.90
(t, J=7.0 Hz, 6H); 3C NMR (CDCls, 101 MHz) &: 188.23,
168.70, 168.04, 139.74, 139.35, 128.84 (3C), 128.77 (2C),
127.77, 126.26 (2C), 123.05, 120.96 (2C), 93.46, 57.62,
53.84, 47.08, 44.21, 31.57, 31.46, 30.29, 28.66, 26.74,
22.67, 22.60, 14.11, 14.07. HRMS cacld for C3H4:N30,
[M+H]" 476.3272, found 476.3274.

1-G-F N EENIE)-2-CG-F N A LN R E)4-A
fR-N,6- 2K 3-1,4,5,6- DU A MEE-3- FH BENZ (3u): 1 ¢4 [i]
&, 773 mg, F5F 61%. mp. 50~51 °C; 'H NMR
(CDCls, 400 MHz) 6: 12.38 (s, 1H), 11.52 (s, 1H), 7.54 (d,
J=8.5 Hz, 2H), 7.33~7.30 (m, 2H), 7.28~7.23 (m, 5H),
6.99 (t, J=7.4 Hz, 1H), 4.54 (dd, J,=6.1 Hz, J,=2.8 Hz,
1H), 3.70~3.64 (m, 1H), 3.58~3.44 (m, 9H), 3.19 (dd,
Ji=8.4 Hz, J,=6.3 Hz, 1H), 2.79 (dd, J;=16.6 Hz, J,=
2.9 Hz, 1H), 2.03~1.95 (m, 4H), 1.14~1.12 (m, 12H);
13C NMR (CDCls, 101 MHz) d: 188.06, 168.48, 167.97,
139.62, 139.39, 128.86 (2C), 128.76 (2C), 127.76, 126.26
(20), 123.00, 120.91 (2C), 93.29, 71.94, 71.63, 64.93,
64.72, 58.07, 51.15, 44.05, 40.44, 30.72, 29.34, 22.25,
22.24, 22.19, 22.17. HRMS cacld for CsHsN304 [M+
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H]" 508.3170, found 508.3173.

4 Bi#1 8 (Supporting Information) =4 3 ) 'TH NMR
F13C NMR 15 &, X 2ep kb nr PG 3% AT I35t (hitp://
sioc-journal.cn/) I F %k,
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