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Regioselective Preparation of Enaminone via Enol Methyl Ether of
3-Acetyl-2-butenolide and Different Amines
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Abstract The regioselective addition-elimination of 3-acetyl-4-methoxy-2-butenolide and 3-(1-methoxy ethylidene)furan-
2,4-dione having enol ether with different amines yielded novel stable enaminone derivatives in ethanol solution. Their struc-
tures were elucidated by '"H NMR, *C NMR, HRMS and X-ray diffraction data. Among of them, the Z/E isomers were ob-
served for 3-(1-aminoethylidene)-furan-2,4-dione. The structures of byproducts for preparing intermediates and title com-
pounds were also characterized.
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Figure 1 Typical imidazolinone fungicides
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Figure 3 X-ray structures of compounds 11 and 9h
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Figure 4 Possible structures of title compounds 9a and 10a
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Table1  Reactions of enol ethers 8a~8d with different amines
Entry Amine Enol ether Product Yield/% Entry Enol ether Product Yield/%

1 HOCH,CH,NH, 8a 9a 89 27 8c 10a 85
2 CH;NH, 8a 9b 85 28 8c 10b 81
3 n-C4HoNH, 8a 9¢ 81 29 8c 10c 71
4 (CH;),NH 8a 9d 74 30 8c — —
5 C¢HsCH,NH, 8a 9e 89 31 8c 10d 81
6 3-CF;C¢H,CH,NH, 8a of 55 32 8c 10e 61
7 4-CH;0C¢H4CH,NH, 8a 9g 80 33 8c 10f 61
8 C¢HsNH, 8a %h 79 34 8c — —
9 NH,CsHsN 8a 9i 75 35 8c — —
10 NH,OH 8a 9j 65 36 8c 10g 52
11 NH,0CH; 8a 9k 46 37 8c — —
12 NH,NH, 8a 91 61 38 8c — —
13 C¢HsNHCH; 8a — — 39 8c — —
14 HOCH,CH,NH, 8b 9m 72 40 8d 10h 67
15 CH;NH, 8b 9n 87 41 8d 10i 80
16 n-C4HoNH, 8b % 87 42 8d 10j 82
17 (CH;),NH 8b 9p 62 43 8d — —
18 C¢HsCH,NH, 8b 9q 75 44 8d 10k 94
19 3-CF;C¢H,CH,NH, 8b 9r 76 45 8d 101 48
20 4-CH;0C¢H4CH,NH, 8b 9s 75 46 8d 10m 65
21 C¢HsNH, 8b 9t 79 47 8d — —
22 NH,CsHsN 8b 9u 78 48 8d — —
23 NH,OH 8b 9v 72 49 8d 10n 55
24 NH,0CH; 8b ow 56 50 8d — —
25 NH,NH, 8b 9x 60 51 8d — —
26 C¢HsNHCH; 8b — — 52 8d — —

“These results will be presented in the other paper due to opening of lactone ring and forming novel structures.
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'H NMR (300 MHz, CDCl3) §: 3.74 (s, 3H, OCHj), 3.44
(s, 2H, CH,), 2.29 (s, 3H, CH3), 1.58 (s, 6H, 2 X CH3).

a4 SbUO 3% 3 (BRI 2.90 g, RN 92%.
'H NMR (300 MHz, CDCl3) &: 3.70 (s, 3H, OCH3), 3.47
(s, 2H, CH,), 2.29 (s, 3H, CH3), 1.95~1.49 (m, 10H, 5X
CH,).
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PIBE(6 A= T)89 & A%

HHE R 6 A7 I SCHR[10] 77986 k.

ek 610 Ik BRI 6.15 g, R 96%. 'H
NMR (300 MHz, CDCl5) §: 10.93 (brs, 1H, OH), 2.56 (s,
3H, CH;), 1.53~1.49 (m, 6H, 2 X CHj).

Ak 710 kR A 7.23 g, IR 97%. mup.
40~41 ‘C; "H NMR (300 MHz, DMSO-dq) J: 4.43 (brs,
1H, OH), 2.23 (s, 3H, CH;), 1.68~1.25 (m, 10H, 5X
CH)).

323 3-TBLHA-4-F A K -2-T H A5 8a. 8b A= 3-(1-
VAL LT IH)-2-T MBS 8. 8d 4946 A%

i [E] {4 8a Al 8b ZHESCHR[ 11175155 k.

HHE A 8a: YR An1A3.21 g, I 55%. m.p. 40~
42 °C; '"H NMR (300 MHz, DMSO-d;) J: 4.08 (s, 3H,
OCHjy), 2.47 (s, 3H, CH3), 1.44 (s, 6H, 2 X CH3); *C NMR
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(75 MHz) §: 195.07, 184.09, 168.79, 103.19, 80.98, 63.36,
30.39, 24.15. HR-ESI-MS caled for CoH30, [M+H]"
185.0814, found 185.0809.

HiAL A 8b: YRTEELAIKR 2.06 g, LR 60%. m.p.
43~44 °C; "HNMR (300 MHz, DMSO-d;) J: 4.15 (s, 3H,
OCH3), 2.60 (s, 3H, CH;), 1.79~1.61 (m, 10H, 5xCH,);
BC NMR (75 MHz) &: 195.10, 184.92, 169.34, 103.17,
82.58, 63.17, 32.72, 30.28, 23.98, 21.17. HR-ESI-MS
caled for Cj,H ;04 [M+H]" 225.1127, found 225.1125.

7 LAE A 2 A (A A i Tk / 2 B8 2 T8 o 0 i 5D,
Voo oV oomew=15 11 2 5 1 BV 8b LFE
IR EIEIEY 11, GEEPIREE 0.78 ¢ I 10%.
m.p. 201~202 C; 'H NMR (300 MHz, DMSO-d,) J:
5.45 (s, 2H, =CH,), 4.19 (s, 6H, 2xOCH3), 1.78~1.22
(m, 20H, 10xCH,); >C NMR (75 MHz) J: 178.49, 171.59,
129.42, 125.59, 99.85, 82.65, 60.87, 32.72, 24.17, 21.42.
HR-ESI-MS caled for CpH,0s [M+H] ™ 389.1964,
found 389.1955.

HrA)f 8c Al 8d 2 HESCHR[12] 7756 k.

HEIA 8c: VR BT EIIRIIR 2.05 g, % 58%. 'H
NMR (300 MHz, DMSO-d) J: 3.70 (s, 3H, OCH3), 2.57
(s, 3H, CH3), 1.34 (s, 6H, 2 X CH3); *C NMR (75 MHz) J:
199.22, 195.29, 162.81, 105.69, 89.59, 51.06, 22.48, 17.77.
HR-ESI-MS calcd for CoH;50, [M—i—H]+ 185.0814, found
185.0808.

TERE AR E M (LA IE 2%t/ 4 BR &8 R B i 71,
Vieas @ Vewew=20 1 1 28 1 1 BEVEM)E 8c ik FEH
AR BNE Y 12a, AEEE 047 g, W% 16%. m.p.
68~69 C;'HNMR (300 MHz, DMSO-d;) J: 4.95 (s, 1H,
=CH), 3.88 (s, 3H, OCH3), 1.46 (s, 6H, 2XCH3); C
NMR (75 MHz) 0: 185.97, 171.50, 86.72, 82.11, 59.44,
24.28. HR-ESI-MS calcd for C;H,;05 [M+H]" 143.0708,
found 143.0703.

HEA 8d, 83 CiRBA 2.34 g, IR 70%. 'H
NMR (300 MHz, DMSO-d) J: 3.80 (s, 3H, OCHj3), 2.60
(s, 3H, CH3), 1.79~1.36 (m, 10H, 5xCH,); *C NMR (75
MHz) §: 200.05, 195.30, 163.55, 107.02, 92.12, 51.42,
31.55,24.21,21.35, 17.92. HR-ESI-MS calcd for C;,H 70,
[M+H]" 225.1127, found 225.1123.

TERE AR JZE M (LA IE 2658/ 4 R 4B R B i 771,
Vies © Voemew=16 1 1 2 6 1 1 BHELEH) 75 8d T FE
HIRAR BEI =) 12b, HERE K 038 g, HUEE 15%. mup.
100~101 C; "H NMR (300 MHz, DMSO-dj) J: 4.96 (s,
1H, =CH), 3.87 (s, 3H, OCH3), 1.72~1.24 (m, 10H, 5X
CH,); C NMR (75 MHz) J: 186.28, 171.98, 86.98, 83.80,
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59.28, 33.06, 24.42, 21.671. HR-ESI-MS caled for
CyoH,505 [M+H]" 183.1021, found 183.1016.

3.2.4 HELEE P 4K 8a~8d 5l AT A A6 B E
*

PIL A4 9a (1) . K 20 mL LB 50 mL
=1, FANA 1.0 mmol 8a, 1.5 mmol ZEEfZ, FH
WHNAAZE 80 “CIAA 10 h, TLC Wil fz J3 58 B8 5 45 1k
W TRZE R LV G AR ZEHT(200~300 HEERR,
DA S R/ PR AR, Vosor - Voam=10 11 £ 2 :
1 BEEEVEL) 58, fF2IEE M 92 0.19 g, IR 89%.
KA ERETT 0 BB 10~24 h HARERKEZEHT 25
B31EY) 9b~9x F1 10a~10n.

3- L FE-4-2-F8 3, 2.3 R E-5,5- B 2- TN
E(9a): FERAEEHT(LL = SR e/ R B, V s
Vosw=10 1 1 & 2 11 BREEYRI) 2 2545 0 AR A ik
0.19 g, WE 89%. m.p. 109~110 ‘C; '"H NMR (300
MHz, CDCly) 6: 10.28 (brs, 1H, NH), 3.88 (brs, 2H,
CH,0), 3.65~3.60 (m, 2H, CH,N), 3.55 (brs, 1H, OH),
2.44 (s, 3H, CH;), 1.67 (s, 6H, 2XCH;); *C NMR (75
MHz) 6: 197.21, 178.94, 169.44, 94.92, 79.08, 60.68,
46.40, 27.65, 24.84. HR-ESI-MS caled for C;oH;sNO,
[M+H]" 214.1079, found 214.1074.

3- L HE-4- W B S HE-5,5- T -2 T H A R (9b):
ek AT JE M (CAA T Bk 2R B8 TR, Vo
Voewew=4 11 2 101 BEEEBERL) 7 B15T0 (0EHIR b4
0.15 g, WF 85%. m.p. 102~103 ‘C; 'H NMR (300
MHz, CDCl5) d: 10.05 (brs, 1H, NH), 3.18 (s, 3H, NCH,),
2.44 (s, 3H, CH;), 1.65 (s, 6H, 2XCH;); *C NMR (75
MHz) J: 196.69, 178.94, 168.68, 94.54, 78.30, 30.37,
27.18, 23.83. HR-ESI-MS calcd for CoH,NO; [M+H]"
184.0974, found 184.0967.

3- L M3 -4-1F T R -5,5-  H S -2- T )R N s
(9¢): FERHEZHT (LA M B TR C B AT, Vo
Voewew=111 2 1.3 BRGNS B8 TE AR S
0.17 g, Y& 81%. m.p. 79~80 C; '"H NMR (300 MHz,
CDCly) d: 10.16 (brs, 1H, NH), 3.51~3.45 (m, 2H,
CH,N), 2.49 (s, 3H, CH3), 1.73~1.67 (m, 8H, CH,+2 X
CH3), 1.52~1.45 (m, 2H, CH,), 1.03~0.98 (t, J=9.0 Hz,
3H, CHs); *C NMR (75 MHz) &: 197.12, 178.53, 169.19,
94.58, 78.76, 44.19, 32.19, 27.64, 24.80, 19.64, 13.49.
HR-ESI-MS caled for C;,HyNO; [M+H]" 226.1443,
found 226.1438.

3- PR B -4-(N,N- R JE)-5,5- - 2- T Y
Wi (9d): HE R AE 2 B (LA A T Tk ) 2R 2B D o i 5D
Vi - Vemen=3 1 122 I 3BREVEH) 7 B8 TC EERIR
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fmik 0.16 g, WK 74%. mp. 92~93 C; 'H NMR (300
MHz, CDCls) d: 3.16 [s, 6H, N(CHs),], 2.56 (s, 3H, CH3),
1.68 (s, 6H, 2XCHs); C NMR (75 MHz) d: 193.73,
175.67, 169.42, 97.13, 79.86, 43.98, 29.56, 24.76. HR-ESI-
MS caled for CioH;¢NO; [M+H]" 198.1130, found
198.1123.

3- LR -4- R B -5,5- T FH L 2- T U A R (9e):
FERAE E AT (LA = SR B/ B R BE R, V s © V =
10 0 182 1 1 BRRESEN) 7 B8 L e IR 1K 0.23 g, UK
Z 89%. m.p. 117~118 °C; '"H NMR (300 MHz, CDCl5)
5: 10.42 (brs, 1H, NH), 7.44~7.33 (m, 3H, ArH), 7.28~
7.26 (m, 2H, ArH), 4.67 (d, J=6.6 Hz, 2H, ArCH,), 2.49
(s, 3H, CH3), 1.68 (s, 6H, 2 X CHs); *C NMR (75 MHz) ¢:
197.40, 178.60, 169.06, 135.52, 129.22, 128.47, 126.63,
95.26, 78.90, 48.14, 27.81, 25.13. HR-ESI-MS calcd for
CisH;sNO; [M+H]" 260.1287, found 260.1278.

3- LMk B -4-(3- = G T B R AR Ak )-5,5- 2T
F5 N TR (9F): FERE A E AT (DL — & F e/ P R N e 51, v -
wes - Vouw=10 0 1 22 0 1 BBV 7 S8 L IR
14 0.21 g, W 55%. m.p. 125~126 ‘C; '"H NMR (300
MHz, CDCl;) J: 10.46 (brs, 1H, NH), 7.66~7.48 (m, 4H,
ArH), 4.75 (d, J=6.9 Hz, 2H, ArCH,), 2.50 (s, 3H, CH;),
1.68 (s, 6H, 2XCHs); C NMR (75 MHz) d: 197.64,
178.73, 168.85, 136.71, 131.68 (Jer=33.0 Hz), 129.91,
129.88, 125.42 (Jor=3.8 Hz), 123.64 (Jor=270.8 Hz),
123.56 (Jer=3.8 Hz), 95.70, 78.88, 47.65, 27.86, 25.16.
HR-ESI-MS caled for Ci¢H;;FsNO; [M+H]" 328.1161,
found 328.1152.

3- LM B -4-(4- W AR R AR 2 5 )-5,5- R -2- T 4
PTG (9g): R A JE B (LA = & R/ P R Ol e B
Vo« Vim=10 1 1 &2 1 BEHM) D BE L OEIR
fmk 0.23 g, U 80%. m.p. 103~104 ‘C; 'H NMR (300
MHz, CDCl;) 6: 10.32 (brs, 1H, NH), 7.19 (d, J=9.0 Hz,
2H, ArH), 6.92 (d, J=9.0 Hz, 2H, ArH), 4.60 (d, J=6.9
Hz, 2H, ArCH,), 3.81 (s, 3H, OCH3), 2.48 (s, 3H, CH,),
1.68 (s, 6H, 2XCHs); *C NMR (75 MHz) &: 197.27,
178.34, 169.11, 159.70, 128.11, 127.37, 114.60, 95.07,
78.88, 55.30, 47.70, 27.77, 25.08. HR-ESI-MS calcd for
Ci16H2oNO, [M+H]™ 290.1392, found 290.1385.

3- L Pk -4 2K R 25,5 W 3 -2- T ) I BB (9h):
FER AR EMT (UL A B/ R LB N TR, Vo -
Voewew=5"1 & 201 BAEELRML) 5, ToEERR A
021 g, WHE 79%. m.p. 145~146 C; 'H NMR (300
MHz, CDCl;) &: 11.58 (brs, 1H, NH), 7.45~7.43 (m, 3H,
ArH), 7.29~7.26 (m, 2H, ArH), 2.55 (s, 3H, CH3), 1.36 (s,
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6H, 2X CH;); “C NMR (75 MHz) §: 197.33, 177.99,
168.46, 135.01, 129.21, 128.76, 128.73, 128.03, 125.00,
95.50, 79.63, 27.46, 25.52. HR-ESI-MS caled for
CisHsNO; [M-+H]" 246.1130, found 236.1122.

3- LIk B -4-(2-Mb e L JE)-5,5- — FE-2- T I N Bis
(90): FERSHEE T (LA ThBE/ 2R ZBE N TR, V i -
Voewew=5 11 2 201 BREEWI) > BARTEEEIR S
0.19 g, WHF 75%. m.p. 172~174 C; 'H NMR (300
MHz, CDCly) 6: 12.73 (brs, 1H, NH), 8.37~8.35 (m, 1H,
PyH), 7.74~7.70 (m, 1H, PyH), 7.14~7.02 (m, 2H, PyH),
2.59 (s, 3H, CHj), 1.92 (s, 6H, 2XCH;); °C NMR (75
MHz) J: 198.18, 175.48, 168.52, 149.21, 147.33, 138.26,
119.98, 114.70, 98.30, 82.76, 27.88, 24.14. HR-ESI-MS
caled for C;3HsN,O; [M + H] ' 247.1083, found
247.1073.

3- LR HE-4- PR R FE-5,5- T H 2T N B (9)):
Tk AT JZ M (CA AT T Bk B8 B TR, Ve
Voewew=2 " 1810 2 BREESRI) 5943 A A 1E 0.12 g,
B E 65%. mp. 94~95 ‘C; 'H NMR (300 MHz,
DMSO-dg) 6: 10.59 (brs, 1H, NH), 2.24 (s, 3H, CH;), 1.56
(s, 6H, 2X CH3); *C NMR (75 MHz) J: 192.95, 173.19,
168.72, 90.96, 79.36, 27.22, 24.60. HR-ESI-MS calcd for
CsH,NO, [M+H]" 186.0766, found 186.0758.

3- L -4- AR R R K55 - T N R
(9K): FERCHEZEMT(CAAT T 2R LB NPT, Vo
Voewew=5 11 & 201 BRGNS B3 T0 AT IR 44
0.10 g, Y% 46%. m.p. 86~87 C; '"H NMR (300 MHz,
CDCly) §: 11.53 (brs, 1H, NH), 3.92 (s, 3H, OCHj3), 2.50
(s, 3H, CH3), 1.68 (s, 6H, 2X CHs); *C NMR (75 MHz) ¢:
185.68, 168.18, 162.30, 93.66, 80.20, 63.41, 23.78, 21.93.
HR-ESI-MS caled for CoH,NO, [M+H]" 200.0923,
found 200.0915.

3- LBk HE-A- P HE-5,5- R 2- T IR N R (91): FEAR
EE*E(U\ZA@§ZA@E/EF|@$7'3/5EHE%U, V e - V=60 :
1320 @ 1 BREESR) 2 SR A BHUR Bk 0.11 g, Yk
61%. m.p. 175~176 “C; '"H NMR (300 MHz, CDCL;) ¢:
10.61 (brs, 1H, NH), 4.08 (s, 2H, NH,), 2.50 (s, 3H, CH;),
1.78 (s, 6H, 2XCHs); *C NMR (75 MHz) &: 196.72,
179.84, 168.61, 93.97, 79.72, 27.14, 24.16. HR-ESI-MS
caled for CgH3N,0; [M+H]" 185.0926, found 185.0920.

3- LI FE-4-(2-F2 5 2 ) HE-5,5- 1B PR O3k 2- T U
PR (9m): T SR A J2 T (DA A I T/ 2 TR TR DR B 7,
Vi - Vemew=2 ¢ 121 1 3BHEEVENN 2515 20 (141
IREBIK 0.20 g, UK 72%. m.p. 112~113 ‘C; '"H NMR
(300 MHz, CDCl;) 6: 10.39 (brs, 1H, NH), 3.89 (brs, 2H,
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CH,0), 3.73~3.67 (m, 2H, CH,N), 3.35 (brs, 1H, OH),
247 (s, 3H, CH;), 1.96~1.89 (m, 10H, 5XCH,); "*C
NMR (75 MHz) d: 197.13, 178.35, 169.37, 95.08, 80.82,
60.54, 46.04, 32.62, 27.41, 24.09, 21.09. HR-ESI-MS
caled for C13HyNO, [M+H]" 254.1392, found 254.1386.

3- U ME Fk -4- F L G -5, 5- 2 30 L L -2- T 0 A s
(9n): HE R AEE BT (BA A S EE/ £ B8R 20 Bg R B,
Vi - Vemew=5 - 122 1 1 BERN) > B 5T AR
ik 0.21 g, U 87%. m.p. 178~179 “C; 'H NMR (300
MHz, CDCl;) : 10.20 (brs, 1H, NH), 3.25 (d, J=5.7 Hz,
3H, NCH,), 2.51 (s, 3H, CH;), 2.02~1.74 (m, 10H, 5X
CH,); “C NMR (75 MHz) §: 197.05, 178.81, 169.18,
95.23, 80.61, 31.98, 30.69, 27.41, 24.18, 21.05. HR-ESI-
MS caled for C,HgNO; [M+H]" 224.1287, found
224.1275.

3- LB 3 -4-1E T 3R H-5,5- 0838 L -2- T 0 N g
(90): FEREHEJENT (LA MR/ 208 ZEE e, Vo
Voemew=20 1 1 2 50 1 BREELRML) 2 245 T (IR d ik
022 g, WHE 87%. m.p. 175~176 ‘C; 'H NMR (300
MHz, CDCl;) §: 10.23 (brs, 1H, NH), 3.53~3.48 (m, 2H,
CH,N), 2.48 (s, 3H, CH3), 1.88~1.40 (m, 14H, 7X CH,),
0.97 (t, J=7.5 Hz, 3H, CH;); “C NMR (75 MHz) ¢:
197.36, 178.28, 169.54, 95.06, 80.87, 44.18, 32.89, 32.39,
27.76, 24.51, 21.40, 19.67, 13.56. HR-ESI-MS calcd for
C1sHNO5 [M+H]" 266.1756, found 266.1748.

3- LI K= -4-(N,N-— B 5 58 -5,5- 0838 0k -2- T )
WS (9p): R A 2 M (LA A v B/ 20 R 20T S e i 7,
Vi - Vemew=4 0 121 1 1EERN) > S5 OEIR
fmiAk 0.15 g, W 62%. m.p. 116~117 C; "H NMR (300
MHz, CDCls) d: 3.16 [s, 6H, N(CHs),], 2.55 (s, 3H, CH3),
2.04~1.72 (m, 10H, 5XCH,); “C NMR (75 MHz) o:
194.01, 175.87, 169.84, 98.15, 82.20, 44.47, 32.67, 29.78,
24.14, 21.45. HR-ESI-MS calcd for Cj3H,NO; [M+H]"
238.1443, found 238.1438.

3- M -4- N B R 5,588 O L 2- T U A s
(9q): HE R AE E B (BA A Bk / £ BR £ TR Rk 5D,
Vi Vemen=5 1 122 1 1BSEVEN) /S B ELEEIR
fmik 0.23 g, I 75%. m.p. 148~149 C; 'H NMR (300
MHz, CDCl;) §: 10.53 (brs, 1H, NH), 7.45~7.37 (m, 3H,
ArH), 7.30~7.27 (m, 2H, ArH), 4.77 (d, J=6.6 Hz, 2H,
ArCH,), 2.51 (s, 3H, CH3), 1.96~1.74 (m, 10H, 5X CH,).
BC NMR (75 MHz) d: 197.11, 178.05, 169.10, 135.43,
128.84, 128.07, 126.33, 95.24, 80.71, 47.79, 32.89, 27.55,
24.09, 21.12. HR-ESI-MS calcd for C,sH,,NO; [M+H]"
300.1600, found 300.1593.
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3- LB -4-(3- =R R B 0 )-5,5- 8 P L -2
TR M) BRI E M (DA v g/ 2R B8 e i
F, Ve - Vewew=16 1 1 24 1 1 BHE I BEE LA
IR EEA 0.29 g, WK 76%. m.p. 212~213 °C; '"H NMR
(300 MHz, CDCl;) d: 10.57 (brs, 1H, NH), 7.68~7.48 (m,
4H, ArH), 4.83 (d, J=6.6 Hz, 2H, ArCH,), 2.53 (s, 3H,
CH;), 1.97~1.72 (m, 10H, 5X CH,); C NMR (75 MHz)
8: 197.42, 178.19, 168.83, 136.56, 131.30 (Jor=32.3 Hz),
129.58, 129.55, 125.04 (Jor=3.8 Hz), 123.34 (Jor=270.8
Hz), 123.27 (Jer=3.8 Hz), 95.73, 80.66, 47.33, 33.02,
27.57, 24.09, 21.09. HR-ESI-MS calcd for CjoH,,F3NO;
[M+H]" 368.1474, found 368.1468.

3- LI HE-4-(4- AR R IR R L )-5,5- I3 LR -2- T
175 T (9s): Bl SR 2 AT (LA T K/ 202 218 R e I 551,
Vo - Voomewn=16 1 1 & 4 1 1 BEEEWEHR) 2 B AT 04
IREBIK 0.26 g, UK 75%. m.p. 78~79 °C; 'H NMR (300
MHz, CDCl;) 6: 10.44 (brs, 1H, NH), 7.20 (d, J=6.6 Hz,
2H, ArH), 6.94 (d, J=6.6 Hz, 2H, ArH), 4.69 (d, J=6.9
Hz, 2H, ArCH,), 3.84 (s, 3H, OCH3), 2.51 (s, 3H, CH,),
2.01~1.73 (m, 10H, 5XCH,); *C NMR (75 MHz) o:
197.09, 177.81, 169.13, 159.36, 127.79, 127.28, 114.26,
95.14, 80.67, 55.00, 47.37, 32.88, 27.53, 24.14, 21.13.
HR-ESI-MS caled for C;oHyNO, [M+H]" 330.1705,
found 330.1697.

3- LT FE -4-ZR R R FE -5, 5-WE PR L -2- T 4 N B
(9t): FEIRATE E AT (LA T 28 2 B8 e B, V e
Voewew=20 11 & 61 1 BAEESEN) 73 B9 0 CUERIR i 1
023 g, WHF 79%. m.p. 149~150 C; 'H NMR (300
MHz, CDCly) 6: 11.71 (brs, 1H, NH), 7.51~7.46 (m, 3H,
ArH), 7.33~7.29 (m, 2H, ArH), 2.60 (s, 3H, CH;), 1.77~
1.62 (m, 10H, 5XCH,); >C NMR (75 MHz) §: 197.58,
177.98, 168.96, 135.20, 128.86, 128.85, 128.43, 95.95,
82.04, 33.90, 27.65, 23.93, 21.03. HR-ESI-MS calcd for
Ci7H2NO; [M+H]" 286.1443, found 286.1438.

3- LB -4-(2-ME g L JE)-5,5- IR PR LR -2- T M N
B (9u): FE TR AT 2 4 (LA A i Tk 2R 2 B8 v i )
Vo o Voemew=20 1 1 2 6 0 1 BREEVENL) 2 B 0 ookt
IREBIK 0.23 g, IR 78%. m.p. 176~177 ‘C; '"H NMR
(300 MHz, CDCl;) d: 12.78 (brs, 1H, NH), 8.41~8.39 (m,
1H, PyH), 7.77~7.72 (m, 1H, PyH), 7.17~7.03 (m, 2H,
PyH), 2.61 (s, 3H, CH;), 1.83~1.38 (m, 10H, 5X CH,);
BC NMR (75 MHz) J: 198.40, 176.09, 168.94, 149.60,
147.35, 138.41, 120.15, 115.26, 98.74, 84.66, 31.17, 28.05,
23.82, 21.52. HR-ESI-MS calcd for Ci¢HoN,O5 [M+H]"
287.1396, found 287.1391.
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3- LTk 3t -4- 2 JE A B -5,5- MR B L -2- T P
(9v): FERFEENT(CAAT TR/ . B8 e, V e
Voemen=1:1 2 311 FREWN) > BE TG ORI
0.13 g, W&E 72%. mp. 112~113 ‘C; '"H NMR (300
MHz, DMSO-d;) d: 11.77 (brs, 1H, NH), 10.64 (brs, 1H,
OH), 2.24 (s, 3H, CH3), 1.71~1.12 (m, 10H, 5X CH,); "*C
NMR (75 MHz) J: 192.87, 172.44, 168.48, 90.98, 80.71,
78.94, 34.50, 31.51, 26.89, 24.19, 21.38. HR-ESI-MS
caled for C; H;eNO, [M+H]" 226.1079, found 226.1069.

3- LS -4- (A SR L) -5,5- 800 CU ok -2- T s PN ik
Ow): HE R AE 2 BT (LA A Bk 2 BR < R R e A,
Vi - Vemew=2 ° 121 1 2B E RN E 5T AR
fmik 0.14 g, YE 56%. m.p. 100~101 C; 'H NMR (300
MHz, CDCl;) d: 12.25 (brs, 1H, NH), 3.84 (s, 3H, OCHj),
231 (s, 3H, CH;), 1.70~1.25 (m, 10H, 5XCH,); "*C
NMR (75 MHz) ¢: 187.19, 168.73, 167.81, 93.92, 82.36,
63.71, 31.77, 24.16, 22.72, 20.99. HR-ESI-MS calcd for
C,HsNO4 [M+H]" 240.1236, found 240.1230.

3- LT HE-4- R -5 5-UR IR CL R -2- T I N R (9x): i
AL E ST (LA M B/ R LR RVEL T, Vo vum -
Vomew=2 11 2 112 BTN 543 0 AR S 1A
0.15 g, LF 60%. m.p. 172~174 C; 'H NMR (300
MHz, DMSO-dg) d: 10.57 (brs, 1H, NH), 5.09 (s, 2H,
NH,), 2.26 (s, 3H, CH3), 1.57~1.19 (m, 10H, 5XCH,);
C NMR (75 MHz) 6: 194.34, 177.57, 168.94, 92.41,
81.22, 31.67, 27.20, 24.21, 21.42. HR-ESI-MS calcd for
Cy;H;7N,O5 [M+H]" 225.1239, found 225.1237.

3-[1-(2-F2 3k 2R H) T 2.3 )-4-54%-5,5- — H &
2- T W ER(10a): FERAT Z AT (DL S0 e/ TR i A 35t i 711
Vosmg - Vaw=10 0 122 > 1 BEERN) > B AT AR
FmiAk 0.18 g, YE 85%. m.p. 124~126 °C; 'H NMR (300
MHz, CDCl;) 6: 11.17, 10.37 (brs, 1H, NH), 4.27, 4.11
(brs, 1H, OH), 3.90 (brs, 2H, CH,0), 3.65 (brs, 2H,
CH,N), 2.60 (brs, 3H, CHs), 1.39 (s, 6H, 2XCH3); °C
NMR (75 MHz) 6: 201.38, 198.32, 174.40, 171.67, 171.15,
171.06, 89.78, 88.43, 85.20, 82.72, 59.76, 45.28, 45.08,
23.36, 13.99. HR-ESI-MS calcd for C,H;(NO, [M+H]"
214.1079, found 214.1072.

3-[1-(F I 2.3 ]-4-FAR-5,5- ~HH-2- T
B (10b): e JI A 2 B (LA A0 i K/ 20 R 0 T DR 3 B 741
Vo - Vemen=4 1 121 1 1 BSERN) B 5T OENIR
fmk 0.16 g, K 81%. m.p. 139~140 C; 'H NMR (300
MHz, CDCl3) d: 10.96, 10.20 (brs, 1H, NH), 3.15~3.12
(m, 3H, NCH3), 2.57 (brs, 3H, CH3), 1.41 (s, 6H, 2X CH;);
BC NMR (75 MHz) 0: 201.49, 197.97, 174.13, 171.84,
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171.10, 170.30, 89.82, 88.41, 85.10, 82.42, 29.43, 23.22,
13.32. HR-ESI-MS caled for C,H;NO; [M + H] *
184.0974, found 184.0967.

3-[1-(IE T 2RI W 2,3 ]-4-E48-5,5- ~HFE-2-T
B (10c): ek JR AT J2 B (LA A K/ 2R 20 1 D i 77,
Vo - Voemen=16 1 1 2 4 0 1 BEEUI) B E L A4
R 0.21 g, YW 71%. m.p. 77~78 “C; 'H NMR (300
MHz, CDCl;) 0: 11.06, 10.26 (brs, 1H, NH), 3.50~3.44
(m, 2H, CH,N), 2.59 (s, 3H, CH3), 1.75~1.67 (m, 2H,
CH,), 1.54~1.43 (m, 8H, CH,+2 X CHj;), 1.04~0.98 (m,
3H, CHs); >C NMR (75 MHz) &: 201.95, 198.55, 174.67,
171.17, 170.91, 170.41, 90.03, 88.63, 85.42, 82.85, 43.14,
42.88, 31.07, 30.94, 23.73, 23.66, 19.80, 13.96, 13.93,
13.47. HR-ESI-MS caled for C;,Hy,NO; [M + H] ©
226.1443, found 226.1438.

3-[1-(FHEE ) LK )-4-5448-5,5- I EE-2- T
Bis (10d): FE Jie A 2 AT (LA = & e/ 7R R A e R
Vogmg - V=10 1 1 22 1 1 BE M) EE L AR
iR 021 g, YE 81%. m.p. 106~107 “C; 'H NMR (300
MHz, CDCl;) o: 11.31, 10.56 (brs, 1H, NH), 7.41~7.25
(m, 5H, ArH), 4.64 (d, J=7.0 Hz, 2H, CH,N), 2.61 (s, 3H,
CH;), 1.41 (s, 6H, 2X CH;); *C NMR (75 MHz) o:
201.96, 198.56, 174.37, 171.45, 170.81, 170.64, 134.79,
134.58, 129.15, 129.10, 128.27, 128.29, 127.10, 126.97,
90.47, 89.13, 85.54, 82.91, 47.23, 46.85, 23.68, 23.61,
14.08. HR-ESI-MS caled for C;sH;gNO; [M + H] "
260.1287, found 260.1279.

3-[1-(3- =5 AR R B ) T 2 R )-4- AR -5,5-
FJE-2- T N BE(10e): HERCHEZHT(200~300 HAER:, LA
TE TN, V e - Vawm=10 1 F& 21 1
BEEEBENG) 73 B A B (B HIR A A 0.23 g, WU 61%. mup.
76~77 °C; 'H NMR (300 MHz, CDCl;) ¢: 11.39, 10.63
(brs, 1H, NH), 7.67~7.54 (m, 4H, ArH), 4.76 (d, J=6.5
Hz, 2H, CH,N), 2.66 (s, 3H, CHy), 1.46 (s, 6H, 2X CH;);
C NMR (75 MHz) §: 202.27, 198.68, 174.39, 171.69,
170.97, 170.50, 136.06, 135.81, 131.65 (Jop=32.5 Hz),
131.61 (Jep=32.5 Hz), 130.42, 130.40, 130.28, 130.26,
129.92, 129.86, 125.35 (Jop=3.8 Hz), 124.14 (Jor=3.8
Hz), 123.95 (Jor=3.8 Hz), 123.48 (Jor=270.5 Hz), 90.95,
89.60, 85.88, 83.15, 46.76, 46.38, 23.71, 23.64, 14.13,
14.12. HR-ESI-MS caled for CjgH;;FsNO; [M +H] "
328.1161, found 328.1153.

3-[1-(4- A TR £ ]-4-EHAR-5,5-— F
Be-2- T N BR(10f): TR AT 24 (DA — S AR e/ 7 Il R e it
FV s - Vem=10:12E2:1 *ﬂ‘g}gﬁﬁﬂﬁ)ﬁ%@fﬁ@
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ERIR SR 0.18 g, I 61%. m.p. 76~77 ‘C; 'H NMR
(300 MHz, CDCl5) d: 11.27, 10.61 (brs, 1H, NH), 7.33~
7.22 (m, 2H, ArH), 6.98~6.94 (m, 2H, ArH), 4.60 (d, J=
6.6 Hz, 2H, CH,N), 3.86 (s, 3H, OCH3), 2.66 (s, 3H, CH;),
1.46 (s, 6H, 2XCHs); C NMR (75 MHz) 4: 202.01,
198.69, 174.46, 171.18, 170.80, 170.57, 159.71, 159.65,
128.71, 128.57, 126.68, 126.49, 114.65, 114.61, 90.43,
89.10, 85.59, 82.98, 55.29, 46.92, 46.54, 23.75, 23.69,
14.18. HR-ESI-MS caled for C;sH,NO, [M + H] "
290.1392, found 290.1386.

3-HBE-5-(2- 32 k- 2- TN ) e ME -4 -2 TR (10g): FEJIR
¥ EAT (LA B L8R ZBE AT, Vo © V cwew=
501 & 201 BREBE) T EAEOEKE 011 g KFE
52%. m.p. 237~238 ‘C; '"H NMR (300 MHz, DMSO-d)
5: 9.40 (br, 1H, CO,H), 7.36 (br, 1H, OH), 2.35 (s, 3H,
CH;), 1.44 (s, 6H, 2X CH;); *C NMR (75 MHz) o:
178.83, 167.25, 160.88, 112.81, 68.44, 29.09, 11.67.
HR-ESI-MS caled for CgH,NO, [M+H]" 186.0766,
found 186.0761.

3-[1-Q2-F 3 2 R )W 2 H]-4-5F40-5,5- 123K
F-2-T WER(I0N): FEIRAEZ AT (CLA T/ 208 B b
BTN, Vo © Voemew=1" 121 1 3PLELRN) D 5K
FOWAK 0.20 g, WE 67%. '"H NMR (300 MHz, CDCl;)
5: 11.22, 10.36 (brs, 1H, NH), 3.92 (brs, 2H, CH,0), 3.63
(brs, 2H, CH,N), 2.61 (brs, 3H, CH3), 1.59~1.31 (m, 10H,
5X CH,); “C NMR (75 MHz) d: 201.26, 198.09, 174.40,
171.63, 171.39, 171.02, 90.35, 88.98, 87. 05, 84.43, 59.75,
4524, 45.06, 31.89, 31.73, 24.22, 21.08, 14.07, 13.95.
HR-ESI-MS caled for Ci3HyNO, [M+H]" 254.1392,
found 254.1386.

3-[1-(FH I IE) I 2.3 ]-4- AR -5,5- 18 FF Lk -2- T
PR (10): 7k Jie A J2 i (DA A v Bk / 0 B8 20 T R e i 7
Vo - Vemen=4 1 121 1 1 BEWN) 7 B E TG OEIR
fmik 0.21 g, Y 80%. m.p. 150~151 “C; 'H NMR (300
MHz, CDCl;) 6: 11.02, 10.20 (brs, 1H, NH), 3.15~3.12
(m, 3H, NCHj), 2.59~2.57 (brs, 3H, CH;), 1.80~1.26 (m,
10H, 5XCH,); *C NMR (75 MHz) §: 201.48, 197.92,
174.65, 172.01, 171.25, 170.85, 90.50, 89.12, 87.09, 84.32,
31.95, 31.81, 29.60, 29.39, 24.30, 21.14, 21.08, 13.58,
13.45. HR-ESI-MS caled for C;,H;gNO; [M + H] *
224.1287, found 224.1275.

3-[1-(1E TR I W £, FE]-4-5840-5,5- 183 & 3 -2-
T NER0j): FERAEENT (LA e B8 . e,
Vo - Voemew=16 1 1 2 4 1 1 BV E 5L AL
REBE 0.19 g, Y 82%. m.p. 180~182 C; 'H NMR
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(300 MHz, CDCl;) 6: 11.08, 10.24 (brs, 1H, NH), 3.45~
3.37 (m, 2H, CH,N), 2.57 (s, 3H, CH;), 1.79~1.40 (m,
14H, 7X CH,), 0.97 (t, J=7.2 Hz, 3H, CH;); >C NMR (75
MHz) 6: 201.85, 198.45, 175.07, 171.36, 171.18, 170.42,
90.63, 89.26, 87.33, 84.68, 43.16, 42.89, 32.33, 32.15,
31.18, 31.01, 29.64, 24.68, 24.65, 21.47, 21.43, 19.87,
13.98, 13.52. HR-ESI-MS calcd for C;sH,NO; [M+H]"
266.1756, found 266.1748.

3-[1-(CFHRE )T 2 HE)-4-F4R-5,5- 183K L FE-2- T
PR (10K): Tk Jie A3 2 i (LA e T/ 2 TR U 16 R e B 771
Vo - Vomew=15 11 & 4 1 1 BEEEVER) > B AT O4
IREBIK 0.30 g, UK 94%. m.p. 132~134 C. 'H NMR
(300 MHz, CDCls) 6: 11.38, 10.60 (brs, 1H, NH), 7.46~
7.27 (m, 5H, ArH), 4.65 (d, J=7.0 Hz, 2H, CH,N), 2.63 (s,
3H, CH3), 1.80~1.61 (m, 10H, 5X CH,); “C NMR (75
MHz) 6: 201.59, 198.17, 174.49, 171.21, 170.80, 170.60,
134.66, 134.41, 128.92, 128.86, 128.11, 128.02, 126.86,
126.66, 90.82, 89.52, 87.19, 84.46, 46.99, 46.56, 32.01,
31.84, 2434, 2431, 2135, 21.09, 13.91, 13.86.
HR-ESI-MS caled for C;sH»,NO; [M+H]" 300.1600,
found 300.1593.

3-[1-3- =4 R AR R 3L ) I 2 36 ]-4- 5 AR -5,5- 1
W OHE-2-T RQAO0D: kA E (LA 218 L
RVERA, Vi © Viomenw=16 1 125 0 1B E TR
BT EER SR 0.18 g, % 48%. mp. 192~193 C;
'H NMR (300 MHz, CDCl;) 6: 11.37, 10.59 (brs, 1H, NH),
7.63~7.44 (m, 4H, ArH), 4.69 (d, J=7.5 Hz, 2H, CH,N),
2.60 (s, 3H, CH;), 1.72~1.66 (m, 10H, 5XCH,); "*C
NMR (75 MHz) §: 201.82, 198.19, 174.43, 171.36, 170.65,
170.55, 135.86, 135.56, 131.38 (Jor=32.3 Hz), 130.07,
129.88, 129.61, 129.54, 125.04 (Jor=3.8 Hz), 123.79
(Jor=3.8 Hz), 123.55 (Jor=3.8 Hz), 123.32 (Jor=270.8
Hz), 91.24, 89.92, 87.47, 84.64, 46.44, 46.02, 31.99, 31.82,
24.29, 21.10, 21.05, 13.88, 13.83. HR-ESI-MS calcd for
C1oHy F3NO; [M+H]" 368.1474, found 368.1468.

3-[1-(4- A IR R E ) T 2 FE)-4-5A0-5,5- 183K
CAE-2- T W EE(10m): fil B A JE AT (LA i ik / 2012 2T
AVEIRA, Vi © Vomenw=16 1 125 0 1B E TR
BT AW 022 g, WK 65%. 'H NMR (300 MHz,
CDCly) d: 11.26, 10.51 (brs, 1H, NH), 7.21~7.15 (m, 2H,
ArH), 6.91~6.86 (m, 2H, ArH), 4.53 (d, J=6.0 Hz, 2H,
CH,N), 3.78 (s, 3H, OCH3), 2.58 (s, 3H, CH3), 1.74~1.54
(m, 10H, 5X CH,); >C NMR (75 MHz) d: 201.39, 198.06,
174.42, 170.87, 170.86, 170.30, 159.33, 128.39, 128.19,
126.55, 126.31, 114.27, 114.22, 90.55, 87.00, 84.32, 77.06,
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54.93, 46.54, 46.12, 31.98, 31.81, 24.31, 21.12, 21.07,
13.90, 13.82. HR-ESI-MS calcd for C;oH,NO, [M+H]"
330.1705, found 330.1698.
3-HIE-5-(1- 52 HL 30 O 2L )- R g M -4-F2 R (10n): Fi:
2 A 2 AT (CA A S B/ O B8 B B, Ve -
Voewew=10 0 1 & 2 11 BREESENL) 70 B 45 E G R B 44
0.17 g, WHE 55%. m.p. 154~155 C; 'H NMR (300
MHz, CDCl;) d: 12.41 (br, 1H, CO,H), 8.35 (br, 1H, OH),
221 (s, 3H, CH;), 1.91~1.59 (m, 10H, 5XCH,); "*C
NMR (75 MHz) 6: 172.00, 166.64, 166.68, 99.37, 82.88,
33.00, 24.25, 2231, 11.66. HR-ESI-MS calecd for
C H¢NO, [M+H]" 226.1079, found 226.1071.
325 3-(I-CAE T H)4-ANK-55-—FH2-TH
5 (13a)#= 3-(1-C A & T T )-4- K -5,5- 383K &
H-2-T AB5(13b) 89 & A%

DAL&Y 13b (A AE. 75 50 mL B
A HEA 8d 224 mg (1 mmol). FHAAIEZ LR 2L 83.5 mg
(1.0 mmol). FREREAHN 126 mg (1.5 mmol). 20 mL Z.FZ,
FIAEE 19 h, TLC Wl B 58 58, 980 B 253570,
A 20 mL ZF8 LB fRR AR, H 10 mL 28187k 5 2 ik
R, FEA 10 mL MOR1 B oK GeE. A AU KR R
BN, JRERR VAR SRRV ERAEENT BV
cw oV omm=116), FEITEMRMAE 231 mg, E 97%.
K HARE 7R AP 13a.

&9 13a: TEORE 239 me, W& 95%. 'TH NMR
(300 MHz, CDCl3) 6: 4.46 (q, J=7.0 Hz, 2H, OCH,), 2.56
(s, 3H, CH3), 1.48 (s, 6H, 2 X CH3), 1.35 (t, J=7.0 Hz, 3H,
CH;); C NMR (75 MHz) §: 195.38, 184.12, 169.50,
102.86, 81.14, 72.60, 30.52, 24.44, 14.75. HR-ESI-MS
calcd for C;yH;50, [M—l—H]+ 199.0970, found 199.0966.

&9 13b: TEWAE 231 mg, Y 97%. '"H NMR
(300 MHz, CDCl3) 6: 4.32 (q, J=7.2 Hz, 2H, OCH,), 2.64
(s, 3H, CH3), 1.77~1.57 (m, 10H, 5X CH,), 1.35 (t, J=
7.2 Hz, 3H, CH;); °*C NMR (75 MHz) J: 199.77, 194.49,
162.75, 106.93, 91.58, 59.96, 31.25, 23.93, 21.05, 17.62,
13.92. HR-ESI-MS caled for C;3Hj 04 [M + H] ©
239.1283, found 239.1278.

3.2.6 1LA47 9h A= 11 69 shAR LA A7

¥ 20~30 mg =455 1) 9h A1 11 4355 & T 50 mL =
A, A IE QR CK QB D V=15 )H)FIEC
B/ TR SRV - V=20 © V)5 s — e IR FE R
W, PRSI D B aF, FFHL 3~5 AL, B TR
A, AREFIERIE R, K2 4~8d ot E RS
AR AT SR T ) R A

I3 WIEAR TR 261 [103.2 F1 105.3 K]'F, # ki 0.10

Chin. J. Org. Chem. 2017, 37, 975~986

© 2017 Chinese Chemical Society & SIOC, CAS

mm X 0.08 mmX0.07 mm 1 0.25 mmX0.22 mmX0.14
mm K/ E4 1A B T Bruker SMART CCD IP I 51 i1 5%
o, SR A SR ES Mo Ko (A=0.071073 nm)4f£k,
Xscan FEFWEHTE, K020 AR, £ 6.0°<
0<52.0°3a Bl 4 73 U EE 21 5256 F1 2782 AMATHT A,
W 2504 F1 1563 ANMSZATHE A, R(int)=0.0238 F
0.0268. 5 B U HE & 2 & W W UROR: IE, 7E L b A A
SHELXTL- 97 #2/7 HHAME 458, 1 SHELXL-97
FEIF R /N i AT G, o 1R 2k S 4 1)
mn RS . LAY 9n B4R S8 M, = 245.27,
C4;H sNO;, Monoclinic, P2,/n, —13<h<<13, —5<k<S
9, —17<I<18, a=1.12073(3) nm, b=0.76271(2 nm,
c¢=1.53718(4) nm, f=104.397(3)°, ¥=1.27272(6) nm’,
D.=1.280 g/em®, 1 =0.090mm ', F(000)=520, Z=4,
$=1.052, R, =0.0402, wR,=0.0903 [I>20(])], R =
0.0490, wR,=0.0966 [all data].

&Y 11 M8 S 5 M, =388.44, CyHygO,
Orthorhombic, Aba2, —7T<h<21, —21<k<20, —7<
[<7, a=174406(9) nm, b= 1.77952(8) nm, ¢ =
0.64663(3) nm, V=2.00686(16) nm’, D,=1.286 g/cm’,
©=0.093 mm~', F000)=832, Z=4, §=1.102, R,=
0.0307, wR,=0.0867 [I>20(I)], R, =0.0398, wR,=
0.0834 [all data]. fL&% Oh A1 11 () 544 45 /) B0 77
TSI db AR S5 A B8 R, CCDC 435108 1510603 Al
1510604.

HHBh# kL (Supporting Information) 5% 6~13 K
'H NMR. "C NMR Flf5rHE . xSkl n] LL 4 9%
AT 9358 (http://sioc-journal.cn/)_E %k,
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