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A Novel Strategy for the Synthesis of Benzofuran Derivatives
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Abstract A novel method for the synthesis of benzofuran analogues via condensation of 2-hydroxybenzaldehyde or

2-hydroxyphenyl ketone with methyl 4-bromocrotonate was reported. Moderate to good yield was obtained with cesium car-
bonate as base in DMF at 70 ‘C. The new-generated double bond was (E)-configuration determined by X-ray diffraction. All
benzofuran derivatives were determined by 'H NMR, *C NMR and HRMS techniques.
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BATE S IBRER B Bk, /K5 (6a) 5 R AC L H IR
HIEE(T)A 1 2 1 fR 3 R AE DMF 4 2 Fn# s % 6 h,
133 50% 1A F R AR Y o, B-AFNES 8a, HEK MY
INFTEAE 12 h, PRERRR] 68%; I Cs,CO5 MBI,
SR RRA T B A LB B Na,COs, KF,
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Table 1 Optimization of reaction conditions

S (0]
(0] base
+ Br X _—
OH MOMG DMF, 70 °C, 12 h

6a 7
A\
@QMO
8a OMe
Entry 6a/equiv. 7/equiv. Base Yield/% of 8a

14 1.0 1.0 K,COs (1.5 equiv.) 50
2 1.0 1.0 K,COs (1.5 equiv.) 68
3 1.0 1.0 Cs,CO; (1.5 equiv.) 73
4 1.0 1.0 Na,COs (1.5 equiv.) Trace
5 1.0 1.0  NaOH (1.5 equiv.) —
6 1.0 1.0 KF (1.5 equiv.) —
7 1.0 1.0  CsF (1.5 equiv.) 5

8 1.0 1.0 K3PO4 (1.5 equiv.) 60
9 1.0 1.5 Cs,CO; (2.0 equiv.) 70
10 1.5 1.0 Cs,CO; (2.0 equiv.) 72
11° 1.0 1.0 Cs,CO; (1.5 equiv.) 25
12¢ 1.0 1.0 Cs,COs (1.5 equiv.) 72
13 1.0 1.0 Cs,COj; (1.0 equiv.) 65
14¢ 1.0 1.0 Cs,CO; (1.5 equiv.) trace
15¢ 1.0 1.0 Cs,CO; (1.5 equiv.) 10
16/ 1.0 1.0 Cs,COj; (1.5 equiv.) 50
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Figure 1 X-ray crystal structure of 8a
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Table 2 Scope of substrates

o o Cs,CO
A on r\‘MOMe DMF, 70 °C, 12 h

6 7
R T N P
Z0
8 OMe
Entry R Product Yield/%

1 H 8a 73
2 5-F 8b 57
3 5-Cl 8c 59
4 5-Br 8d 55
5 5-Me 8e 76
6 3-OMe 8f 72
7 4-OMe 8g 75
8 5-OMe 8h 70
9 5,6-Benzo 8i 66
10 5-OH 8j 40
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& A TERmE AL S I— P B AR R T,
(B)-AR I SRR IE ) DMF %1 mL) I S 7K A% B FH Bl
1462652 mg, 2 mmol)ff] DMF ¥ (4 mL). S Vik %
76 70 CRHiFE 12 h, RJEAREIR =, B A JEIf
H 418 CWaEs, BRmOR ez, F = PAE Z [ V(A
fik) @ V(CBR CT8)=10 & 1143 2 4l (1 28 I 1) 407 A4
Y.

(E)-3-( 2K I MR W -2)- 4 45 1R FH 16 (8a): 11 £ [T A4
m.p. 86~87 ‘C; '"H NMR (400 MHz, CDCl;) J: 7.60~
7.53 (m, 2H), 7.49 (dd, J=1.2, 8.4 Hz, 1H), 7.37 (td, J=
0.8, 8.8 Hz, 1H), 7.25~7.22 (m, 1H), 6.93 (s, 1H), 6.59 (d,
J=13.6 Hz, 1H), 3.81 (s, 3H); “C NMR (100 MHz,
CDCly) d: 167.2, 156.6, 152.3, 131.6, 128.4, 126.6, 123 .4,
121.8, 118.6, 111.5, 111.3, 51.9; IR (film) v: 3109, 2948,
2847, 1698, 1637, 1439, 1452 cm ™. HRMS (ESI) calcd for
C1,H,00sNa [M+Na]" 225.0528, found 225.0526.

(E)-3-(5-3 AT TR -2)- A A IR H B (8Db): - 1 ALl 4.
m.p. 128~129 °C; 'H NMR (400 MHz, CDCl;) ¢: 7.50 (d,
J=16.0 Hz, 1H), 7.37 (dd, J=4.4, 8.8 Hz, 1H), 7.19 (dd,
J=2.8, 8.8 Hz, 1H), 7.04 (td, J=2.8 Hz, 8.8 Hz, 1H), 6.85
(s, 1H), 6.55 (d, J=14.0 Hz, 1H), 3.79 (s, 3H); °*C NMR
(100 MHz, CDCly) 6: 167.0, 160.7, 160.6, 160.4, 158.2,
154.0, 151.8, 131.2, 129.2, 129.1, 128.9, 119.3, 114.5,
114.2, 112.3, 111.1, 107.4, 107.0, 52.0; IR (film) v: 3119,

1922 http://sioc-journal.cn/
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2957, 1727, 1645, 1588, 1552, 1469, 1435 cm '. HRMS
(ESI) caled for C;,HoFO;Na [M—|—Na]+ 243.0433, found
243.0428.

(E)-3-(5-F R IR -2)- A M R F I (8e): 1 fau ] 4.
m.p. 161~162 °C; '"H NMR (400 MHz, CDCl;) d: 7.51~
7.47 (m, 2H), 7.40 (d, J=14.8 Hz, 1H), 7.30 (dd, J=1.6,
13.6 Hz, 1H), 6.84 (s, 1H), 6.57 (d, J=15.6 Hz, 1H), 3.80
(s, 3H); “C NMR (100 MHz, CDCl;) d: 166.9, 153.9,
153.7, 131.1, 129.7, 129.0, 126.7, 121.3, 119.5, 112.5,
110.4, 52.0; IR (film) v: 3112, 2966, 1727, 1641, 1576,
1543, 1441 cm™'. HRMS (ESI) calcd for C;;HyClO3Na
[M+Na]" 259.0138, found 259.0135.

(E)-3-(5-1R R FFIRIR-2)- P A IR FH IR (8d): 1T EAu i k.
m.p. 141~142 ‘C; '"H NMR (400 MHz, CDCl;) 6: 7.66 (d,
J=2.4 Hz, 1H), 7.50 (d, J=16.0 Hz, 1H), 7.41 (dd, J=
1.6, 8.8 Hz, 1H), 7.32 (d, J=8.8 Hz, 1H), 6.82(s, 1H), 6.56
(d, J=16.0 Hz, 1H), 3.79 (s, 3H); °C NMR (100 MHz,
CDCly) d: 167.0, 160.7, 160.6, 160.4, 158.2, 154.0, 151.8,
1312, 129.2, 129.1, 128.9, 119.3, 114.5, 114.2, 112.3,
111.1, 107.4, 107.0, 52.0; IR (film) v: 3085, 2954, 1727,
1640, 1576, 1547, 1449 cm™'. HRMS (ESI) calcd for
C,HoBrO;Na [M+Na]" 304.9612, found 304.9627.

(E)-3-(5- AL TF WG -2)- 4 I P2 T I (8e): 11 €[]
. m.p. 97~98 °C; '"H NMR (400 MHz, CDCl3) 6: 7.53
(d, J=15.6 Hz, 1H), 7.33 (d, J=8.8 Hz, 2H), 7.13 (dd, J=
2.0, 8.8 Hz, 1H), 6.80 (s, 1H), 6.54 (d, J=15.6 Hz, 1H),
3.80 (s, 3H), 2.40 (s, 3H); *C NMR (100 MHz, CDCl;) §:
1672, 154.1, 152.4, 132.9, 131.7, 128.5, 128.0, 121.5,
118.2, 111.2, 110.1, 51.9, 21.3; IR (film) v: 2945, 1718,
1638, 1552, 1462, 1438 cm '. HRMS (ESI) caled for
C13H,0:Na [M+Na]" 239.0684, found 239.0668.

(E)-3-(7- P4 JE 2R IR IR -2)- TN 0 1R P T (81): 11 £
4k, m.p. 85~86 ‘C; 'H NMR (400 MHz, CDCl;) o:
7.53 (d, J=15.6 Hz, 1H), 7.12~7.10 (m, 2H), 6.87 (s,
1H), 6.81 (dd, J=2.8, 5.2 Hz, 1H), 6.62 (d, J=15.6 Hz,
1H), 3.97 (s, 3H), 3.77 (s, 3H); *C NMR (100 MHz,
CDCLy) d: 167.2, 154.1, 152.4, 132.9, 131.7, 128.5, 128.0,
121.5, 118.2, 111.2, 110.1, 51.9, 21.3; IR (film) v: 3033,
2951, 1723, 1637, 1592, 1490, 1437 cm™'; HRMS (ESI)
caled for C;3H;,04Na [M—|—Na]+ 255.0633, found
255.0628.

(E)-3-(6- A L 2R TR IR -2)- N A 1R F i (8g): 11t
[E4&. mp. 98~99 ‘C; 'H NMR (400 MHz, CDCl;) o:
7.48 (d, J=15.6 Hz, 1H), 7.39 (d, J=5.6 Hz, 1H), 6.94 (d,
J=2.0 Hz, 1H), 6.83 (dd, J=2.0, 8.4 Hz, 1H), 6.79 (s,
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1H), 6.45 (d, J=15.6 Hz, 1H), 3.81 (s, 3H), 3.77 (s, 3H);
3C NMR (100 MHz, CDCl3) d: 167.4, 159.8, 157.0, 151.7,
131.5, 122.0, 121.8, 116.8, 113.0, 111.6, 95.5, 55.7, 51.8;
IR (film) v: 3119, 2954, 1727, 1645, 1590, 1551, 1436
em ', HRMS (ESI) caled for Cj;3H,04Na [M+Na]”
255.0633, found 255.0635.

(E)-3-(5- A LA TR -2)- I G TR HT R (8h): (5
[l 44, m.p. 99~100 C; 'H NMR (400 MHz, CDCly) ¢:
7.51 (d, J=15.6 Hz, 1H), 7.34 (d, J=8.8 Hz, 1H), 6.97~
6.93 (m, 2H ), 6.82 (s, 1H), 6.53 (d, J=15.6 Hz, 1H), 3.81
(s, 3H), 3.79 (s, 3H); *C NMR (100 MHz, CDCl;) §:
167.0, 156.1, 152.9, 150.5, 131.4, 128.7, 118.1, 115.7,
111.8, 111.2, 103.3, 55.7, 51.7; IR (film) v: 3122, 2969,
1712, 1644, 1585, 1546, 1475 cm™'. HRMS (ESI) calcd for
C13H,04Na [M+Na]" 255.0633, found 255.0635.

(E)-3-(Z5-[2,1-b) FF-HRIR-2)- 1A 445 B8 FHY IR (8i): - 11 (AL f]
. m.p. 129~130 C; 'H NMR (400 MHz, CDCly) §:
8.05 (d, J=8.0 Hz, 1H), 7.91 (d, J=8.0 Hz, 1H), 7.75 (d,
J=9.2 Hz, 1H), 7.60~7.55 (m, 3H), 7.49 (td, /=1.2, 8.0
Hz, 1H), 7.30 (s, 1H), 6.58 (d, J=15.6 Hz, 1H), 3.83 (s,
3H); *C NMR (100 MHz, CDCly) : 167.4, 153.7, 157.0,
151.8, 131.5, 130.4, 129.0, 127.9, 127.6, 127.0, 125.2,
124.1, 123.5, 117.4, 112.2, 110.2, 51.9; IR (film) v: 3055,
2984, 1712, 1633, 1576, 1521, 1451 cm'. HRMS (ESI)
caled for CigH;,0sNa [M + Na] ©  275.0686, found
275.0684.

(E)-3-(5-F2 R I W -2)- P4 A 1 F IR (8): 1 4[]
. m.p. 192~193 °C; '"H NMR (500 MHz, DMSO-dj) :
9.39 (s, 1H), 7.63 (d, J=15.5 Hz, 1H), 7.43 (d, J=9.0 Hz,
1H), 7.25 (s, 1H), 7.01 (d, J=2.5 Hz, 1H), 6.90 (dd, J=
2.5,9.0 Hz, 1H ), 6.45 (d, J=15.5 Hz, 1H), 3.75 (s, 3H);
C NMR (125 MHz, DMSO-dy) d: 166.7, 154.3, 152.7,
149.8, 132.2,129.3, 117.6, 116.5, 112.7, 112.1, 106.4, 52.1;
IR (film) v: 3440, 2948, 1691, 1634, 1593, 1546, 1451
em ', HRMS (ESI) caled for Cj,H;(O4Na [M+Na]”
241.0477, found 241.0446.

(E)-3-(3-HRE R IF IR IR -2)- A 4 R Y B (8K): 11 £ ]
. m.p. 90~91 °C; 'H NMR (400 MHz, CDCl;) 6: 7.63
(d, J=15.2 Hz, 1H), 7.47 (d, J=17.6 Hz, 1H), 7.40 (d, J=
7.6 Hz, 1H), 7.32 (t, J=7.2 Hz, 1H), 7.20 (t, J=7.2 Hz,
14.4 Hz, 1H), 6.51 (d, J=15.6 Hz, 1H), 3.80 (s, 3H), 2.30
(s, 3H); “C NMR (100 MHz, CDCly) d: 167.3, 154.7,
148.1, 129.6, 129.3, 126.5, 122.7, 120.5, 120.0, 116.6,
111.1, 51.6, 8.1; IR (film) v: 3067, 2942, 1706, 1628, 1572,
1453, 1439 cm . HRMS (ESI) caled for Ci3H;,0;Na

Chin. J. Org. Chem. 2012, 32, 1919~1924
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[M+Na]" 239.0684, found 239.0683.

(E)-3-(3- £ 2R IR IR -2)- TA 945 1R PP (81): 11 6 [t
. m.p. 66~67 C; "H NMR (500 MHz, CDCl;) d: 7.66
(d, J=16.0 Hz, 1H), 7.56 (d, J=8.5 Hz, 1H), 7.44 (d, J=
8.5 Hz, H), 7.34 (t, J=8.5 Hz, 1H ), 7.26 (t, J=8.5 Hz,
1H), 6.54 (d, J=16.0 Hz, 1H), 3.81 (s, 3H), 2.82 (q, J=6.0
Hz, 2H), 1.29 (t, J=6.0 Hz, 3H); *C NMR (125 MHz,
CDCLy) d: 167.5, 154.9, 147.6, 129.3, 128.8, 126.8, 126.5,
122.7, 120.3, 116.8, 111.3, 51.7, 17.1, 14.9; IR (film) v:
3051, 2963, 1713, 1634, 1567, 1452 cm'. HRMS (ESI)
caled for C;4H;40sNa [M + Na] © 253.0841, found
253.0841.

(E)-3-(3- 7R JE 2K IF W -2)- P4 045 12 Y 166 (8m): |1 £
[l 44, m.p. 160~161 “C; '"H NMR (500 MHz, CDCls) o:
7.66 (d, J=15.5 Hz, 1H), 7.62 (d, J=7.5 Hz, 1H), 7.51~
7.48 (m, 5H), 7.45~7.41 (m, 1H), 7.38 (t, J=8.0 Hz, 1H),
7.24 (t, J=8.0 Hz, 1H), 6.67 (d, J=15.5 Hz, 1H), 3.77 (s,
3H); *C NMR (125 MHz, CDCl;) 6: 167.2, 154.8, 148.0,
131.0, 130.3, 129.4, 129.0, 128.2, 126.9, 125.7, 123.3,
120.9, 118.7, 111.4, 51.7; IR (film) v: 3055, 2945, 1722,
1624, 1567, 1450 cm ~ '. HRMS (ESI) caled for
CisH140sNa [M+Na]" 301.0841, found 301.0858.

(E)-3-(3- H HE 25 -[2,1-b] T WK I -2)- TA A TR FF i (8m):
4K mp. 109~110 'C; 'H NMR (500 MHz,
CDCLy) d: 8.26 (d, J=8.0 Hz, 1H), 7.87 (d, J=8.0 Hz,
1H), 7.66 (d, J=15.5 Hz, 1H), 7.59~7.54 (m, 2H), 7.50~
7.45 (m, 2H), 7.58 (d, J=15.5 Hz, 1H), 3.83 (s, 3H), 2.35
(s, 3H); *C NMR (125 MHz, CDCLy) ¢: 167.6, 150.8,
147.9, 132.6, 129.4, 128.4, 126.5, 126.0, 125.1, 123.6,
121.8, 120.9, 120.5, 117.8, 115.4, 51.7, 8.4; IR (film) v:
3042, 2951, 1695, 1631, 1434 cm™'. HRMS (ESI) calcd for
C17H,40;Na [M+Na]" 289.0841, found 289.0858.

(E)-3-(3,5- = WL IR I W IR -2)- A 9465 T2 T BB (80): 1
A, mp. 101~102 “C; 'H NMR (500 MHz, CDCl3)
0: 7.62 (d, J=15.5 Hz, 1H), 7.27 (t, J=8.5 Hz, 2H), 7.14
(d, J=8.5 Hz, 1H), 6.48 (d, J=15.5 Hz, 1H), 3.80 (s, 3H),
2.42 (s, 3H), 2.29 (s, 3H); *C NMR (125 MHz, CDCl5) 6:
167.5, 153.2, 148.4, 132.3, 129.8, 129.5, 128.0, 120.5,
119.8, 116.3, 110.7, 51.6, 21.2, 8.3; IR (film) v: 3036,
2945, 1711, 1618, 1573, 1434 cm™'. HRMS (ESI) calcd for
C14H,4,0:Na [M+Na]" 258.0849, found 258.0841.

(E)-3-(3- M1 HE-5- A TR IR IR -2)- A 1R IR (8p): B
44K, m.p. 140~141 “C; '"H NMR (500 MHz, CDCl;)
8: 7.61~7.57 (m, 2H), 7.43 (d, J=8.0 Hz, 1H), 7.29 (d,
J=8.0 Hz, 1H), 6.52 (d, J=16.0 Hz, 1H), 3.82 (s, 3H),
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2.29 (s, 3H); *C NMR (125 MHz, CDCl;) d: 167.2, 153.4,
149.4, 131.6, 129.4, 128.9, 122.8, 119.6, 117.8, 115.9,
112.7, 51.8; IR (film) v: 3064, 2920, 1715, 1636, 1573,
1450 cm™'. HRMS (ESI) caled for C;3H;;BrOsNa [M+
Na]" 316.9789, found 316.9784.
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