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A Facile and New Synthetic Method of Polysubstituted Furans
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Abstract With the treatment of tributylphosphine and base, alkynoates, aromatic aldehydes and acyl chlorides readily un-
dergo a four-component cascade annulation reaction, giving tri- or tetra-substituted furans in moderate yields. The reaction
presumably proceeds through an intramolecular Wittig reaction step of the in situ generated phosphorus ylide intermediate.
The annulation reaction features mild reaction conditions and broad substrate scope, and accordingly constitutes a facile and
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new synthetic method of polysubstituted furans.
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Scheme 1 Synthesis of tetrasubstituted furans from simple ter-
minal activated olefins
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Table 1 Optimization of the model reaction conditions

__ phosphine, base EtOC CO-Et
EtO,C————CO,Et + PhCHO + CH3CH,COCI /Z—S\
1a 2a 3a L 24h Ph™ 07 TE
4a

Entry Substrate molar ratio” Phosphine  Base Solvent Yield/% of 4a
1 10:10:1.1:1521.2 n-Bu;P  E;N THF 49
2 10:15211:15:21.2 n-Bu;P  E;N THF 58
3 1.0:3.0:1.1:1.5v1.2 n-Bu;P  E;N THF 72
4 1.0:30:1.1:15:212 Ph;P Et;N THF 0
5 1.0:30:1.1:15:212 Ph,PMe Et;N THF 15
6 1.0:30:1.1:15:21.2 PhPMe, Et;N THF 26
7 1.0:30:1.1:15:21.2 n-BusP  DBUY THF 52
8 10:30:1.1:15:21.2 n-Bu;P DMAP? THF 60
9 10:30:1.1:15:21.2 n-BusP  DABCO’ THF 53
10 10:30:1.1:15:21.2 n-Bu;P  E;N Toluene 28
11 10:30:1.1:15:21.2 n-Bu;P E;N CH,Cl, 14
12 10:30:1.1:15:21.2 n-Bu;P  E;N CH;CN 15
13 1.0:30:1.1:1.5:/1.2 n-Bu;P - E;N 1,4-Dioxane 32

“Typical conditions: under a nitrogen atmosphere and at room temperature, to a solution of acetylenedicarboxylate (1a) and benzaldehyde (2a) in a solvent (2.0 mL)
were sequentially added phosphine, propionyl chloride (3a) and base. The resulting mixture was stirred at r.t. for 24 h. ” Substrate ratio refers to
1a/2a/3a/phosphine/base. ¢ Isolated yield based on 1a. ¢ 1,8-Diazabicyclo[5.4.0Jundec-7-ene. ¢ 4-(N,N-Dimethylamino)pyridine.’ 1,4-Diazabicyclo[2.2.2]octane.
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Table 2 Synthesis of polysubstituted furans

o o n-BusP (1.5 equiv.) R CO,R’
R—=—CO,R! + J\ J\ Et3N (1.2 equiv.) - U\
) R® "H R THF, r.t, 24 h R N7 R2
2
4
Entry R R! R’ R® 4 Yield”/%
1 CO,Et Et Ph Et 4a 72
2 CO,Et Et 4-CICeH, Et 4b 56
3 CO,Et Et 3-CIC¢H,4 Et 4c 40
4 CO,Et Et 2-CIC¢H, Et 4d 28
5 CO,Et Et 4-CH;0C¢Hy Et 4e 21
6 CO,Et Et 4-NO,C¢H,4 Et 4f 59
7 CO,Et Et 4-Pyridyl Et 4g 23
8 CO,Et Et 4-CH;0C¢Hy Ph 4h 36
9 CO,Et Et 4-CF;CgHy Ph 4i 43
10 CO,Et Et 2-Furyl Ph 4 62
11 CO,Et Et Ph Me 4k 51
12 CO,Et Et Ph i-Pr 41 49
13 CO,Et Et Ph Bn 4m 51
14 CO,Et Et Ph Ph 4n 56
15 CO,Et Et Ph 4-CIC¢Hy4 40 49
16 CO,Et Et Ph 3-CIC¢H, 4p 44
17 CO,Et Et Ph 2-CIC¢H4 4q 44
18 CO,Et Et Ph 4-CH;CeHy 4r 54
19 CO,Et Et Ph 4-NO,C¢H,4 4s 37
20 CO,Et Et Ph 2-Furyl 4 49
21 Ph Me 4-Pyridyl Et 4t 70
22 Ph Me 4-Pyridyl Ph 4u 49
23 H Me 4-Pyridyl Et 4v 52
24 H Me 4-Pyridyl Me 4w 35
25 H Me 4-Pyridyl i-Pr 4x 38
26 H Me 4-Pyridyl Ph 4y 19
“For a typical procedure, see Experimental section; * Isolated yields.
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Scheme 2 A plausible mechanism for formation of polysubstituted furans

T EN g, LAMERER AL KBr il E;
FEENT 2 LA 200~300 H EER M 2 A7 DA i ik
(60~90 C)/ LR LERIRE Y ABE M. FrF 8 ok}
BB

3.2 ZBEUKRRIE 4 BIERK

EERMESRT T, B =THEBEO1 mg, 045
mmol). FE5(0.33 mmol)Fl = Z.J}%(36 mg, 0.36 mmol)7E
PEFE T F2 M0 N k5 (0.3 mmol) 5 (0.9 mmol) Py
ZWRM(2.0 mLyEwH, s, RMNIEEDGRSEE 24
h. R R RS TR A A e i 28 R AN B BRI R, M
FEMIERERL(200~300 ENDAEEHT B PRAh] V(A ) -
TR CFE)=40 : 1~15 © 1, BREEVE], 152 Bk
W4 4.

2- 2 HE-5-ZEHE 3 4RI R — 2. G (4a): W iE (D
AR, B 72%. 'H NMR (400 MHz, CDCl;) 6: 7.69 (d,
J=17.2 Hz, 2H), 7.42~7.32 (m, 3H), 437 (q, J=7.1 Hz,
2H), 4.30 (q, J=7.1 Hz, 2H), 3.03 (q, J=7.6 Hz, 2H),
1.36~1.29 (m, 9H); “C NMR (100 MHz, CDCls) §:
165.9, 163.7, 163.3, 150.9, 129.9, 129.6, 129.4, 126.8,
115.3, 114.37, 62.4, 61.4, 21.9, 15.0, 14.8, 13.1; IR (neat)
v: 2981, 2939, 2907, 1719, 1585, 1494, 1309, 1208, 1033,
789, 765 cm”'. HRMS-ProMALDI calcd for C,sH,OsNa
[M+Na]" 339.1203, found 339.1200.

2- 2 HE-5-(4- G A HE)-3,4- Tk IR — F iR — 2L TG (4b):
WK, R 56%. 'H NMR (400 MHz, CDCly) o:
7.64 (d, J=8.7 Hz, 2H), 7.38 (d, J=8.5 Hz, 2H), 4.36 (q,
J=7.3 Hz, 2H), 430 (t, J=7.1 Hz, 2H), 3.02 (g, J=7.5
Hz, 2H), 1.36~1.29 (m, 9H); *C NMR (100 MHz, CDCl5)
5: 165.4, 163.2, 163.1, 149.7, 135.2, 129.3, 128.0, 127.8,
115.4,114.2,62.2,61.2,21.6, 14.7, 14.5, 12.7; IR (neat) v:
2981, 2935, 1721, 1579, 1386, 1209, 1013, 834, 789 cm .
HRMS-ProMALDI caled for C;sH;sClOsNa [M+Na]®
373.0813, found 373.0810.

2- 2. Hk-5-(3-FRHE)-3,4-Wm — H R — LR (de): &
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HOIRAR, R 40%. "H NMR (400 MHz, CDCls) d: 7.68
(s, 1H), 7.57 (d, J=6.1 Hz, 1H), 7.35~7.27 (m, 2H), 4.38
(q, J=7.2 Hz, 2H), 4.31 (q, J=7.2 Hz, 2H), 3.03 (q, J=
7.6 Hz, 2H), 1.38~1.30 (m, 9H); °C NMR (100 MHz,
CDCLy) d: 164.7, 162.9, 162.6, 148.5, 134.6, 130.7, 129.9,
128.7, 125.9, 123.9, 115.6, 113.8, 61.8, 60.7, 21.1, 14.1,
14.0, 12.2; IR (neat) v: 2938, 2907, 1721, 1561, 1386,
1302, 1208, 845, 755, 682 cm . HRMS-ProMALDI calcd
for C13H,0ClOs [M+H]" 351.0999, found 351.1001.

2- 2 HE-5-(2- G K HE)-3,4- 15 — FH R . 2L g (4d)):
VO IAK, R 28%. 'H NMR (400 MHz, CDCly) o:
7.53~7.45 (m, 2H), 7.38~7.28 (m, 2H), 4.35~4.30 (m,
2H), 4.23~4.18 (m, 2H), 3.01~2.96 (m, 2H), 1.37~1.30
(m, 9H); *C NMR (100 MHz, CDCl;) 6: 163.6, 163.3,
162.9, 150.7, 134.2, 132.1, 131.0, 130.2, 128.9, 126.7,
117.6, 113.5, 61.4, 61.0, 21.4, 14.5, 14.2, 12.6; IR (neat) v:
2980, 2933, 1722, 1470, 1264, 1066, 843, 760, 738 cm .
HRMS-ProMALDI caled for C;sH,ClOs [M + H] *
351.0999, found 351.1002.

2- L3 -5-(4-F AR IR FE)-3,4-WK 0 —H R — 4 ig
(4e): WAL, WE 21%. 'H NMR (400 MHz,
CDCLy) d: 7.65 (d, J=8.9 Hz, 2H), 6.93 (d, J=8.9 Hz,
2H), 4.37~4.27 (m, 4H), 3.84 (s, 3H), 3.00 (q, J=7.6 Hz,
2H), 1.36~1.26 (m, 9H); *C NMR (100 MHz, CDCl5) ¢:
165.5, 163.3, 162.1, 160.4, 151.1, 128.1, 122.1, 114.3,
113.8, 113.4, 61.8, 60.9, 55.6, 21.3, 14.5, 14.3, 12.6; IR
(neat) v: 2980, 2937, 1717, 1508, 1256, 1208, 1105, 1049,
1030, 854, 765 cm ~'. HRMS-ProMALDI caled for
CioH20¢Na [M+Na]™ 369.1314, found 369.1317.

2- £ FE-5-(4- R FE 2K 3)-3 4- WK I — FH R — 2L ik (4):
FEE A, WE 59%. mp. 83~85 C; 'H NMR (400
MHz, CDCl;) 0: 8.26 (d, J=8.9 Hz, 2H), 7.86 (d, J=8.9
Hz, 2H), 4.41 (q, J=7.2 Hz, 2H), 4.32 (g, J=7.1 Hz, 2H),
3.07 (q, J=7.6 Hz, 2H), 1.38~1.34 (m, 9H); °C NMR
(100 MHz, CDCl3) d: 163.3, 162.8, 161.0, 146.1, 133.5,

Chin. J. Org. Chem. 2015, 35, 1739~1745



Chinese Journal of Organic Chemistry

124.9, 122.8, 116.6, 113.1, 60.6, 59.7, 20.0, 12.9, 12.7,
10.9; IR (KBr) v: 2980, 2940, 1733, 1713, 1606, 1571,
1514, 1345, 1325, 1232, 1108, 1089, 1030, 858, 839, 730,
686 cm '. HRMS-ProMALDI caled for C,sH;sNO;Na
[M+Na]™ 384.1059, found 384.1059.

2- 2 HE -5 (A- Mk g -3, 4- IR I — F iR — 2L 16 (4g):
FOWAK, BE 23%. "TH NMR (400 MHz, CDCl5) d: 8.65
(d, J=6.4 Hz, 2H), 7.61 (d, J=6.4 Hz, 2H), 4.42 (q, J=
7.2 Hz, 2H), 4.32 (q, J=7.1 Hz, 2H), 3.07 (q, J=7.5 Hz,
2H), 1.40~1.32 (m, 9H); °C NMR (100 MHz, CDCl;) ¢:
164.4, 164.3, 162.2, 149.4, 146.4, 136.7, 119.4, 118.6,
1143, 62.2, 60.9, 21.3, 14.2, 14.1, 12.1; IR (neat) v: 2960,
2927, 1723, 1463, 1337, 1227, 1113, 1030, 844 cm "
HRMS-ProMALDI caled for C;;H,)NOs [M + H] *
318.1341, found 318.1342.

2- IR FE-5-(4- TS L DR 3L )-3,4- WK IR — TR R — 4T
@ AR, IR 36%. '"H NMR (400 MHz,
CDCly) 0: 7.86~7.82 (m, 4H), 7.43~7.40 (m, 3H),
6.98~6.93 (m, 2H), 4.38~4.31 (m, 4H), 3.85 (s, 3H),
1.36~1.32 (m, 6H); *C NMR (100 MHz, CDCly) o:
164.2, 163.8, 160.8, 154.3, 152.3, 129.4, 129.1, 128.6,
127.2, 121.7, 115.8, 114.4, 114.2, 114.0, 61.6, 61.4, 55.4,
14.2, 14.2; IR (neat) v: 2959, 2927, 2872, 1731, 1606,
1464, 1258, 1176, 1028, 836, 693, 541 cm '; HRMS-
ProMALDI calcd for C,3;H»,O¢Na [M—I—Na]+ 417.1314,
found 417.1308.

2-IRHE-5-(4- = HH R R 3k )-3,4- Wi — F R — 2B
(40): ¥R FEOWAR, WHR 43%. 'H NMR (400 MHz,
CDCly) d: 8.00 (d, J=8.0 Hz, 2H), 7.86 (d, J=8.0 Hz,
2H), 7.70 (d, J=8.1 Hz, 2H), 7.46 (d, J=7.1 Hz, 3H),
4.40~4.33 (m, 4H), 1.38~1.33 (m, 6H); °C NMR (100
MHz, CDCly) d: 163.5, 154.2, 151.5, 131.2 (q, J=32.7
Hz), 129.8, 129.3, 128.6, 127.6, 125.6 (q, J=3.8 Hz),
124.0 (q, J=272.3 Hz), 122.6, 117.2, 115.9, 61.7, 61.6,
14.1; IR (neat) v: 2983, 2930, 1730, 1510, 1325, 1169,
1069, 846, 692 cm ~'. HRMS-ProMALDI caled for
C,3H,oF30sNa [M+Na] " 455.1082, found 455.1077.

2-FEFE D DRI -3,4- — R T L BR(4)): HUBERE
IR AR, AR ERUE, IE 62%. 'H NMR (400
MHz, CDCly) 6: 7.74 (d, J=7.4 Hz, 2H), 7.48 (s, 1H),
7.38~7.33 (m, 3H), 7.22 (d, J=3.5 Hz, 1H), 6.48~6.45
(m, 1H), 4.31~4.27 (m, 4H), 1.30 (t, J=7.2 Hz, 3H), 1.26
(t, J=7.2 Hz, 3H); *C NMR (100 MHz, CDCL;) J: 164.5,
163.0, 152.5, 146.7, 144.3, 144.2, 130.0, 129.1, 129.0,
127.4,115.9,114.3,113.2, 112.4, 62.1, 61.8, 14.7, 14.5; IR
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(neat) v: 2982, 2936, 1731, 1493, 1235, 1216, 1021, 867,
787 cm . HRMS-ProMALDI calcd for CyH;s06Na [M+
Na]* 377.1001, found 377.1005.

2- L5 ORI 3 AR — R — LK) D
WAk, W 51%. '"H NMR (400 MHz, CDCly) 6: 7.70~
7.66 (m, 2H), 7.41~7.34 (m, 3H), 4.36 (q, J=7.1 Hz,
2H), 4.30 (q, J=7.2 Hz, 2H), 2.61 (s, 3H), 1.36~1.32 (m,
6H); *C NMR (100 MHz, CDCl;) 6: 164.8, 162.6, 157.5,
150.0, 128.8, 128.6, 128.3, 125.7, 114.4, 114.2, 61.4, 60.4,
14.0, 13.8, 13.4; IR (neat) v: 2982, 2933, 1720, 1568,
1211, 1073, 916, 843, 765 cm™'. HRMS-ProMALDI calcd
for C,7H,50sNa [M+Na]" 325.1052, found 325.1047.

2- A HE-5- TR L -3, 4- KR FH G — TR (4)): VRO
AR, IR 49%. 'TH NMR (400 MHz, CDCL3) 6: 7.68
(d, J=17.5 Hz, 2H), 7.42~7.35 (m, 3H), 437 (q, J=7.1
Hz, 2H), 4.31 (q, J=7.1 Hz, 2H), 3.74~3.67 (m, 1H),
1.37~1.30 (m, 12H); "C NMR (100 MHz, CDCl;) §:
166.2, 165.9, 163.7, 150.8, 130.0, 129.6, 129.4, 126.8,
115.3, 113.5, 62.4, 61.4, 28.1, 21.6, 15.0, 14.8; IR (neat) v:
2977, 2934, 1721, 1493, 1211, 1035, 843, 790, 766 cm .
HRMS-ProMALDI caled for C;oH»OsNa [M + Na] -
353.1365, found 353.1358.

2- R HE-5- TR -3, 4- BRI — R — 2R (4m): IRFE D
WA, W 51%. 'H NMR (400 MHz, CDCl;) 6: 7.65 (d,
J=17.3 Hz, 2H), 7.38~7.28 (m, 8H), 4.39~4.31 (m, 6H),
1.36~1.32 (m, 6H); °C NMR (100 MHz, CDCLy) ¢:
165.4, 163.2, 159.3, 151.4, 137.2, 129.4, 129.4, 129.3,
129.1, 129.0, 127.3, 126.6, 115.2, 115.1, 62.2, 61.3, 33.9,
14.7, 14.5; IR (neat) v: 3063, 2982, 1719, 1583, 1386,
1211, 785, 764, 695 cm '; HRMS-ProMALDI calcd for
C,3H»,0sNa [M+Na] " 401.1365, found 401.1355.

2,5- "R HL -3 4 F R — 26 (4n)°e Y T
WAk, BE 56%.

2- K Bk 5-(4- A PR L )-34- W R 2 iR
(40)(™M: IRFE AR, K 49%. 'H NMR (400 MHz,
CDCly) d: 7.83 (d, J=7.7 Hz, 4H), 7.45~7.41 (m, 5H),
435 (q, J=7.2 Hz, 4H), 1.34 (t, J=7.2 Hz, 6H); °C
NMR (100 MHz, CDCly) o: 164.5, 164.3, 154.1, 153.2,
136.4, 130.4, 129.6, 129.5, 129.3 (2C), 128.2, 128.1,
116.7, 116.6, 62.4 (2C), 14.9 (2C); IR (neat) v: 2982, 2930,
1728, 1506, 1218, 1056, 823, 787, 692 cm '. HRMS-
ProMALDI caled for C»,H;4CIOsNa [M+Na]" 421.0819,
found 421.0822.

2- R FH-5-(3-E K HL)-3,4- WK — H R — £ T (4p):
RE A, WF 44%. '"H NMR (400 MHz, CDCL3) o:
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7.90~7.84 (m, 3H), 7.77~7.74 (m, 1H), 7.47~7.42 (m,
3H), 7.37 (d, J=4.4 Hz, 2H), 4.40~4.33 (m, 4H), 1.38~
1.32 (m, 6H); °C NMR (100 MHz, CDCl;) §: 163.5,
163.3, 153.6, 151.4, 134.4, 130.4, 129.7, 129.6, 129.4,
129.0, 128.8, 128.6, 128.5, 128.5, 128.4, 127.4, 127.2,
125.4, 116.4, 115.7, 61.6, 61.5, 14.0 (2C); IR (neat) v:
3068, 2981, 2935, 1730, 1556, 1475, 1384, 1297, 1021,
784, 692 cm . HRMS-ProMALDI caled for CyH;oCl-
OsNa [M+Na]" 421.0819, found 421.0817.

2- IR B -5-(2-F K HE)-3,4- PRI — H R — Z.TiE (4q):
WK, R 44%. 'H NMR (400 MHz, CDCLy) o:
7.82~7.78 (m, 2H), 7.59~7.56 (m, 1H), 7.50 (d, J=8.0
Hz, 1H), 7.42~7.35 (m, 5H), 4.40 (q, J=7.0 Hz, 2H),
421 (q, J=7.2 Hz, 2H), 1.36 (t, J=7.0 Hz, 3H), 1.17 (t,
J=17.2 Hz, 3H); ”C NMR (100 MHz, CDCl;) J: 165.0,
163.0, 153.7, 153.5, 134.9, 132.9, 131.8, 130.6, 130.2,
129.5, 129.4, 127.5, 127.1, 118.6, 115.7, 100.7, 62.5, 61.8,
14.8, 14.6; IR (neat) v: 3063, 2982, 2937, 1729, 1609,
1566, 1492, 1370, 1097, 1070, 970, 844 cm '. HRMS-
ProMALDI calcd for CyH,,ClOs [M—|—H]+ 399.0999,
found 399.0990.

2-FFh-5-(4- FH LR IE)-3,4- 0 IR — HI B — UG (4r):
WA, K 54%. 'TH NMR (400 MHz, CDCLy) o:
7.85 (d, J=7.2 Hz, 2H), 7.76 (d, J=7.8 Hz, 2H), 7.46~
7.39 (m, 4H), 7.24 (s, 1H), 4.38~4.33 (m, 4H), 2.39 (s,
3H), 1.34 (t, J=7.1 Hz, 6H); *C NMR (100 MHz, CDCL;)
5: 164.0, 163.9, 153.9, 153.0, 140.0, 129.5, 129.3, 129.15,
129.1, 128.6, 127.5, 127.4, 126.3, 115.7, 115.0, 61.6, 61.5,
21.6, 14.2 (2C); IR (neat) v: 2982, 2932, 1727, 1488, 1326,
1220, 787, 763, 691 cm™'. HRMS-ProMALDI calcd for
C,3H»,0sNa [M+Na]* 401.1365 , found 401.1367.

2- T FHE 5-(4- i L R FE)-3,4- W IR T F R . 4T
(4s)!": EAWAR, WFE 37%. 'H NMR (400 MHz,
DMSO-dg) 0: 8.39 (d, J=8.7 Hz, 2H), 8.14 (d, J=8.7 Hz,
2H), 7.95~7.90 (m, 2H), 7.64~7.54 (m, 3H), 4.41~4.32
(m, 4H), 1.35~1.29 (m, 6H); “C NMR (100 MHz,
DMSO-dg) 0: 162.4 (2C), 153.8, 149.6, 147.4, 133.6,
130.3, 128.8, 127.8, 127.6, 127.2, 124.0, 117.8, 115.5,
61.8, 61.5, 13.7 (2C); IR (neat) v: 2927, 2872, 1731, 1606,
1302, 1176, 1028, 957, 836 cm '. HRMS-ProMALDI
caled for C,,H,NO; [M+H]" 410.1240, found 410.1235.

2-FEFED VIR -3,4- — R T L BR4)): mAEH
P FT 2-WR e FE IR U A R AR, SR 49%.

5- £ Kk -4- TR Jk -2 -(4- Nk g ik )-3- 5k R PR, P R (4¢):
WA, SR 70%. 'H NMR (400 MHz, CDCLy) o:
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8.67 (d, J=5.2 Hz, 2H), 7.77~7.73 (m, 2H), 7.43~7.33
(m, 3H), 7.27 (d, J=7.5 Hz, 2H), 3.65 (s, 3H), 2.70 (q, J=
7.5 Hz, 2H), 1.27 (t, J=7.5 Hz, 3H); >C NMR (100 MHz,
CDCly) d: 165.3, 155.8, 150.4, 150.2, 137.6, 132.5, 129.9,
128.6, 127.9, 123.5, 121.2, 118.2, 52.3, 20.3, 13.4; IR
(neat) v: 2953, 2927, 1725, 1593, 1229, 1021, 828, 800,
745 cm™'. HRMS-ProMALDI caled for CioH sNO; [M+
H]"308.1287, found 308.1286.

4,5- TR B -2-(4-MEE FE)-3- WK i Y R HH IS (d4u): 3
AR, IR 49%. 'TH NMR (400 MHz, CDCl3) 6: 8.72
(d, J=5.8 Hz, 2H), 8.33 (d, J=5.8 Hz, 2H), 7.47~7.43
(m, 5H), 7.34~7.30 (m, 5H), 3.66 (s, 3H); *C NMR (100
MHz, CDCLy) d: 163.9, 152.6, 147.1, 143.0, 142.5, 131.4,
129.6, 129.5, 128.8, 128.7, 128.6, 128.5, 126.5, 125.3,
122.0, 100.0, 52.5; IR (neat) v: 3029, 2953, 1725, 1633,
1265, 1234, 1087, 1032, 953 cm™'. HRMS-ProMALDI
caled for Co3H sNO; [M+H]" 356.1287, found 356.1285.

5- 2 BE-2-(4- M g 5 )-3- 1k g AR G PR (4v): BR BB
A&, WE 52%. '"H NMR (400 MHz, CDCls) d: 8.70 (d, J=
5.5 Hz, 2H), 8.01~7.97 (m, 2H), 6.52 (s, 1H), 3.89 (s,
3H), 2.76 (q, J=17.6 Hz, 2H), 1.33 (t, J=7.6 Hz, 3H); "°C
NMR (100 MHz, CDCl;) 6: 164.2, 158.8, 152.7, 150.3,
137.3, 121.7, 117.7, 108.6, 52.3, 21.7, 12.2; IR (neat) v:
2954, 2926, 1724, 1594, 1288, 1207, 944, 807, 778 cm " ';
HRMS-ProMALDI caled for C;3H;NO; [M + H] *
232.0974, found 232.0966.

5- FH I -2-(4- ML g 2% )-3- Ik g FH 758 Y 5 (dw): A ([
A&, # 35%. mp. 113~115 ‘C; 'H NMR (400 MHz,
CDCly) &: 8.67 (d, J=6.3 Hz, 2H), 7.97 (d, J=6.3 Hz,
2H), 6.49 (s, 1H), 3.86 (s, 3H), 2.39 (s, 3H); *C NMR
(100 MHz, CDCLy) 6: 163.4, 152.5, 151.9, 149.3, 136.5,
120.9, 117.2, 109.4, 51.5, 13.1; IR (KBr) v: 2961, 2927,
1645, 1456, 1188, 1083, 988, 859, 619 cm '. HRMS-
ProMALDI calcd for C;,H;,NO;3 [M+H]+218.0817, found
218.0819.

5- 5 P 3 -2-(4- M g 3 )-3- PR I Y 7R Y 6 (4x): B T
WAk, U 38%. '"H NMR (400 MHz, CDCL3) d: 8.67 (d,
J=5.4 Hz, 2H), 8.19 (d, J=5.4 Hz, 2H), 6.54 (s, 1H), 3.89
(s, 3H), 3.07~3.00 (m, 1H), 1.33 (d, J=6.9 Hz, 6H); "°C
NMR (100 MHz, CDCl;) 8: 163.7, 163.5, 150.9, 147.3,
139.2, 121.8, 119.1, 107.8, 52.2, 27.9, 20.9; IR (neat) v:
2966, 2927, 1724, 1592, 1158, 1025, 911, 862, 707 cm ™ .
HRMS-ProMALDI caled for C4H;(NO; [M + H] *
246.1130, found 246.1126.

5- 2R Bk -2-(4- it g Jik )-3- Ik g FH 2 P IR (dy): o £ [
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&, E 19%. mp. 110~113 ‘C; '"H NMR (400 MHz,
CDCly) o: 8.85 (d, J=6.2 Hz, 2H), 8.73 (d, J=6.2 Hz,
2H), 7.81 (d, J=8.3 Hz, 2H), 7.56~7.45 (m, 3H), 7.27 (s,
1H), 4.00 (s, 3H); *C NMR (100 MHz, CDCl5) 6: 163.2,
154.0, 152.0, 148.7, 132.8, 129.8, 128.8, 128.7, 128.1,
124.1, 121.4, 108.4, 51.9; IR (KBr) v: 2954, 2925, 1723,
1632, 1315, 1243, 1115, 933, 821, 767 cm '. HRMS-
ProMALDI calcd for C;;H;sNO; [M—i—H]+ 280.0974,
found 280.0965.

45 Bh#f Bl (Supporting Information) ¥1L&4 4 19 'H
NMR Al C NMR % &, X S48 a LA 2 AT ] 32k
(http://sioc-journal.cn) T %X,
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