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Copper—Catalyzed Tandem Etherification Reactions of
2—(2,2-Dibromovinyl)phenol Derivatives with Phenols

Geng, Haobing” Chen, Shanshan* Sun, Xi* Zhang, Xiuli*“ Wang, Lei*”’
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(® Department of Chemistry, Huaibei Normal University, Huaibei 235000)

Abstract In this paper, copper-catalyzed tandem etherification reactions of 2-(2,2-dibromovinyl)phenol derivatives with
phenols was developed. In the presence of copper acetate as catalyst and cesium carbonate as base, 2-(2,2-dibromovinyl)-
phenol derivatives reacted with phenols in N,N-dimethyl formamide to generate the corresponding 2-phenoxybenzofurans in
good yields in one-pot via tandem etherification reactions under ligand-free reaction conditions. Many reaction parameters
including bases, copper salts and solvents have been investigated. By screening of bases in the reaction, we found that cesium
carbonate is the best one among the tested bases. Experiments shown that strong bases and weak bases, such as potassium
hydroxide, potassium ¢-butoxide, potassium acetate and sodium acetate are unfavorable for this reaction. Some common cop-
per catalysts were examined, and the results indicated that copper acetate exhibits the highest reactivity in the reaction. For
this reaction, a divalent copper salt is better than a monovalent copper salt. However, CuO and Cu,O gave the poor yield of
the product. The solvent also plays a very important role in the reaction. We found that the optimum solvent is N,N-dimethyl
formamide (DMF). Dimethyl sulfoxide, N,N-dimethylacetamide, and N-methylpyrrolidone also afforded good product yield.
The further investigation revealed that the reaction temperature was one of the factors affecting the yield of the reaction.
Scope of the substrate was studied and 24 new 2-aryloxybenzofuran compounds were synthesized in good yields.
2-(4-tert-Butylphenoxy)-5-chlorobenzofuran has the highest reaction yield in 94%. 4-(Benzofuran-2-yloxy)benzonitrile has
the lower yield. Phenol containing an electron-withdrawing group on the benzene ring is difficult to perform the reaction. On
the other hand, when an electron-donating group is introduced to 2-(2,2-dibromovinyl)phenol, such as 5-methoxy-, or
4-t-butyl-2-(2,2-dibromovinyl)phenol, the reaction was failed under the present reaction conditions. This method has several
advantages including commercial availability of starting materials, simple operation, easy purification of products, and in the
absence of ligand. This tandem reaction has the potential applications. It is important to note that the biological activity of the
obtained 2-aryloxybenzofuran compounds will be further investigated and will be reported in due course.

Keywords 2-(2,2-dibromovinyl)phenol; phenols; 2-phenoxybenzofuran; diaryl ether; tandem reaction
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Figure 1 Copper-catalyzed tandem etherification reactions of 2-(2,2-
dibromovinyl)phenol derivatives with phenols
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Table 1 Optimization of the reaction conditions®

Ullimann

Cu Catalyst (10 mol%)
Base (4 equiv.)

Solvent, Temperature
14 h

3a
Entry Base Cu source Solvent Yield"/%
1 K,COs Cul DMF 41
2 K,COs Cul DMF 49
3 Cs,CO; Cul DMF 58
4 Na,CO; Cul DMF Trace
5 KOH Cul DMF 27
6 NaOH Cul DMF Trace
7 KO#-Bu Cul DMF 46
8 NaOtz-Bu Cul DMF Trace
9 KOAc Cul DMF N.R.
10 NaOAc Cul DMF N.R.
11 Cs,CO; Cu(0Ac); DMF 81
12 Cs,COs CuCl, DMF 68
13 Cs,COs CuBr;, DMF 63
14 Cs,COs CuCl DMF 56
15 Cs,COs CuBr DMF 52
16 Cs,CO; CuO DMF 49
17 Cs,CO; Cu,0 DMF 43
18 Cs,CO; Cu(OH), DMF 65
19 Cs,CO; Cu(NOs), DMF 59
20 Cs,CO; Cu(OAc), DMSO 68
21 Cs,CO; Cu(OAc), DMAc 67
22 Cs,CO; Cu(OAc), NMP 64
234 Cs,COs Cu(OAc), CH;CN Trace
244 Cs,COs Cu(OAc), THF Trace
254 Cs,COs Cu(OAc), 1,4-Dioxane Trace
26° Cs,CO; Cu(OAc), DMF 62
27 Cs,CO; Cu(OAc), DMF 37

© 2014 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

“ Reaction conditions: 2-(2,2-dibromovinyl)phenol (1a, 0.25 mmol), phenol
(2a, 0.30 mmol), copper source (0.025 mmol), base (1.0 mmol) and solvent
(2.0 mL) under air at 140 ‘C for 14 h; *isolated yield; ¢ the reaction tempera-
ture was 120 C; ? the reaction temperature was 110 C; ¢ Cs,CO; (0.75
mmol); /Cs,CO; (0.50 mmol).
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Table 2 The scope of the substrates
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1 Ullimann

Cu(OAc), (10 mol%)
Cs,CO3 (4 equiv.)

5, DMF,140 °C,14 h

Yield”/%

3a

3b

3¢

3d

3e

3f

3g

81

83

78

53

79

65

56

91
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Entry Product 3 Yield"/% Entry Product 3 Yield"/%
Cl
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9 G 3 87 mo
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CN 20 cl Q 3t 69
c Ty s
(0]
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Ty
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O 21 3u 85
N
1 k71 mo
e
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12 cl Q 31 84 22 v 83
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o Y
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Br
13 mo: 3m 74 Cl
(0]
23 3w 73
e
14 Oszo 3n 86 o]
o
24 3 83
15 N_d 30 92 0
g (0]
: O
25 3 0
o O S y
r o
16 N 3p 88 °
O
B 26 3 <10
r >|\®E\>70; z
(¢}
17 3q 78 “Reaction conditions: 2-(2,2-dibromovinyl)phenol derivative (1, 0.50 mmol),
O N o phenol (2, 0.60 mmol), Cu(OAc), (0.050 mmol), Cs,CO5 (2.0 mmol) and DMF
o] (2.0 mL) under air at 140 °C for 14 h; * isolated yield.
IRJGBRATHELET 2-(2,2- 9 L3 R AT £ )
(DRGSR SN RSG5 2-(2,2- IR LIR AR AR 2K
L S fe ISR LA s ALY, 0 CLAINO,, %2k
T IS0 PRI SRS (% 2, Entries 12 A1 14). 4
© 16 2-(2.2- WIS RN LRI ITIR LGN
R, SRR O s A N R A R I T
2-(2,2- R LR R ) AT AT A0 1A AT A AR 1 7 BHL &%
M.( 2, Entries 15 Al 16). 1-(2,2- IR 20 3)-p-Z50 5
ORI R R IR B A B 78S IR AH L =) (3K 2, Entry
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MATAYI, 0.50 mmol) 5 KMy KA -54(2, 0.60 mmol),
BEEREM (0.05 mmol), TERH:(2.0 mmol), N,N-_FFEH
FEI%(2.0 mL), BERHETE, BT 140 CRMV. 14 h. %
NSEE R, AHIE SR, IAK, H R OEEAER, &
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FEJZNT 48, 1328 A% 3, F1 "H NMR (400 MHz).
C NMR (100 MHz)F i 4 3 S50 B 52 BT 43 2= M 4 1,
e A E7

2-Phenoxybenzofuran (3a): 'H NMR (400 MHz,
CDCl3) §: 7.48~7.40 (m, 4H), 7.26~7.22 (m, 5H), 5.86
(s, 1H); “C NMR (100 MHz, CDCl;) J: 160.08, 155.66,
149.58, 129.89, 128.91, 124.83, 123.21, 122.80, 120.04,
118.23, 110.74, 83.95. HRMS (ESI) ((IM+H]") calcd for
C,sH130,: 211.0759, found 211.0761.

2-(p-Tolyloxy)benzofuran (3b): '"H NMR (400 MHz,
CDCly) 6: 7.44~7.39 (m, 2H), 7.23~7.19 (m, 4H),
7.13~7.10 (m, 2H), 5.77 (s, 1H), 2.39 (s, 3H); *C NMR
(100 MHz, CDCl3) d: 160.73, 153.33, 149.48, 134.58,
130.32, 129.02, 123.14, 122.57, 119.87, 118.31, 110.66,
83.03, 20.77. HRMS (ESI) (IM+H]") caled for C;sH;505:
225.0916, found 225.0914.
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2-(m-Tolyloxy)benzofuran (3¢): '"H NMR (400 MHz,
CDCl;) o: 7.45~7.39 (m, 2H), 7.30~7.22 (m, 3H),
7.04~7.02 (m, 3H), 5.84 (s, 1H), 2.38 (s, 3H); °*C NMR
(100 MHz, CDCl;) o: 160.05, 155.49, 149.42, 140.09,
129.46, 128.83, 125.49, 123.05, 122.59, 119.87, 118.66,
115.09, 110.62, 83.75, 21.29. HRMS (ESI) ((M+H]")
calcd for C;5sH30,: 225.0916, found 225.0913.
2-(o-Tolyloxy)benzofuran (3d): '"H NMR (400 MHz,
CDCly) o: 7.41~7.39 (m, 2H), 7.31~7.29 (m, 1H),
7.25~7.17 (m, 4H), 7.15~7.13 (m, 1H), 5.61 (s, 1H),
2.37 (s, 3H); “C NMR (100 MHz, CDCl;) §: 160.97,
153.38, 149.44, 131.64, 129.20, 129.15, 127.25, 125.32,
123.14, 122.38, 119.71, 118.82, 110.59, 81.86, 15.85.
HRMS (ESI) ((IM+H]") caled for C;sH,30,: 225.0916,
found 225.0913.
2-(4-Chlorophenoxy)benzofuran (3e): '"H NMR (400
MHz, CDCl;) 6: 7.49~7.40 (m, 2H), 7.37 (d, /=8.8 Hz,
2H), 7.27~7.24 (m, 2H), 7.14 (d, J/=28.8 Hz, 2H), 5.89 (s,
1H); “C NMR (100 MHz, CDCly) 6: 159.44, 154.25,
149.62, 129.98, 129.89, 128.67, 123.34, 123.08, 120.20,
119.47, 110.80, 84.52. HRMS (ESI) ((M+H]") calcd for
C14H,oClO;: 245.0369, found 245.0372.
2-(2-Chlorophenoxy)benzofuran (3f): 'H NMR (400
MHz, CDCl3) o: 7.50 (d, J=38.0 Hz, 1H), 7.45~7.39 (m,
2H), 7.31~7.28 (m, 1H), 7.24~7.18 (m, 4H), 5.79 (s,
1H); *C NMR (100 MHz, CDCl;) d: 159.40, 150.92,
149.47, 130.87, 128.66, 127.92, 125.97, 125.05, 123.18,
122.77, 119.98, 110.67, 83.46. HRMS (ESI) ((IM+H]")
caled for C4H;(ClO,: 245.0369, found 245.0366.
2-(4-Bromophenoxy)benzofuran (3g): ' H NMR (400
MHz, CDCly) d: 7.50 (d, J=8.8 Hz, 2H), 7.48~7.39 (m,
2H), 7.25~7.23 (m, 2H), 7.07 (d, J/=8.4 Hz, 2H), 5.88 (s,
1H); “C NMR (100 MHz, CDCl;) §: 159.13, 154.69,
149.48, 132.75, 128.50, 123.21, 122.99, 120.10, 119.72,
117.33, 110.69, 84.56. HRMS (ESI) ((M+H]") calcd for
C14H,oBrO,: 288.9864, found 288.9867.
2-(4-tert-Butylphenoxy)benzofuran (3h): 'H NMR
(400 MHz, CDCl;) d: 7.49~7.43 (m, 4H), 7.27~7.25 (m,
2H), 7.20~7.18 (m, 2H), 5.85 (s, 1H), 1.41 (s, 9H); °C
NMR (100 MHz, CDCl;) ¢: 160.63, 153.29, 149.56,
147.86, 129.07, 126.74, 123.19, 122.64, 119.96, 117.87,
110.71, 83.33, 34.48, 31.51. HRMS (ESI) ((M+H]") caled
for C13H90O,: 267.1385, found 267.1386.
2-(4-Methoxyphenoxy)benzofuran (3i): '"H NMR (400
MHz, CDCl;) d: 7.43~7.39 (m, 2H), 7.23~7.18 (m, 4H),
6.94 (d, J=9.0 Hz, 2H), 5.69 (s, 1H), 3.84 (s, 3H); “*C
NMR (100 MHz, CDCl;) ¢6: 161.56, 156.88, 149.42,
148.88, 129.10, 123.17, 122.45, 119.98, 119.79, 114.86,
110.61, 82.01, 55.68. HRMS (ESI) ((M+H]") calcd. for
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C5H303: 241.0865, found 241.0868.
4-(Benzofuran-2-yloxy)benzonitrile (3j): 'H NMR
(400 MHz, CDCl3) d: 7.68 (d, J=8.6 Hz, 2H), 7.53~7.51
(m, 1H), 7.42~7.39 (m, 1H), 7.29~7.27 (m, 2H), 7.21 (d,
J=8.6 Hz, 2H), 6.11 (s, 1H); >*C NMR (100 MHz, CDCl;)
0: 159.19, 156.91, 149.74, 134.14, 128.06, 123.66, 123.43,
120.53, 118.17, 117.81, 110.88, 107.93, 87.24. HRMS
(ESI) ((M+H]") caled for C;sH;(NO,: 236.0712, found
236.0708.
2-(Naphthalen-2-yloxy)benzofuran (3k): 'H NMR
(400 MHz, CDCl;) d: 7.90~7.86 (m, 2H), 7.79~7.77 (m,
1H), 7.57~7.56 (m, 1H), 7.53~7.46 (m, 3H), 7.43~7.38
(m, 2H), 7.25~7.23 (m, 1H), 5.91 (s, 1H); *C NMR (100
MHz, CDCl;) 6: 159.91, 153.22, 149.51, 133.88, 130.77,
130.00, 128.77, 127.70, 127.31, 126.74, 125.32, 123.11,
122.74, 119.97, 118.49, 114.03, 110.68, 84.16. HRMS
(ESI) (IM+H]") caled for CgH30,: 261.0916, found
261.0918.
5-Chloro-2-phenoxybenzofuran (3I): 'H NMR (400
MHz, CDCl;) 6: 7.45~7.39 (m, 3H), 7.31~7.16 (m, 5H),
5.74 (s, 1H); “C NMR (100 MHz, CDCL) 6: 161.37,
155.18, 147.80, 130.35, 129.99, 128.20, 125.23, 122.80,
119.64, 118.53, 111.67, 83.09. HRMS (ESI) ((M+H]")
calcd for C;4H,oClO,: 245.0369, found 245.0366.
5-Bromo-2-phenoxybenzofuran (3m): 'H NMR (400
MHz, CDCl;) 6: 7.55~7.54 (m, 1H), 7.44~7.39 (m, 2H),
7.32~7.29 (m, 1H), 7.26~7.23 (m, 2H), 7.21~7.19 (m,
2H), 5.73 (s, 1H); *C NMR (100 MHz, CDCl;) ¢: 161.21,
155.15, 148.17, 13091, 129.97, 125.52, 125.21, 122.59,
118.51, 116.28, 112.14, 82.88. HRMS (ESI) (IM+H]")
calcd for Ci4H(BrO,: 288.9864, found 288.9867.
5-Nitro-2-phenoxybenzofuran (3m): 'H NMR (400
MHz, CDCl;) J: 8.33~8.32 (m, 1H), 8.16~8.13 (m,
1H), 7.47~7.43 (m, 3H), 7.31~7.29 (m, 1H), 7.25~
7.23 (m, 2H), 5.84 (s, 1H); >C NMR (100 MHz, CDCl;) ¢:
162.77, 154.51, 152.25, 144.41, 130.03, 129.44, 125.66,
118.71, 118.55, 115.89, 110.78, 83.04. HRMS (ESI) ((M+
H]") caled for C1,H;(NO,: 256.0610, found 256.0608.
5,7-Dichloro-2-phenoxybenzofuran (30): 'H NMR
(400 MHz, CDCl3) o: 7.46~7.42 (m, 2H), 7.29~7.19 (m,
5H), 5.71 (s, 1H); *C NMR (100 MHz, CDCl;) J: 161.95,
154.71, 143.69, 131.15, 129.98, 128.93, 125.47, 122.70,
118.59, 118.11, 116.50, 83.08. HRMS (ESI) (IM+H]")
calcd for C;4HoCl,0,: 278.9980, found 278.9985.
5,7-Dibromo-2-phenoxybenzofuran (3p): 'H NMR
(400 MHz, CDCl3) o: 7.48~7.41 (m, 4H), 7.29~7.22 (m,
3H), 5.72 (s, 1H); *C NMR (100 MHz, CDCl;) d: 161.78,
154.66, 145.52, 131.43, 129.99, 127.78, 125.50, 121.60,
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118.63, 116.34, 103.86, 82.88. HRMS (ESI) (IM+H]")
caled for C4HoBr,0,: 366.8969, found 366.8967.
2-Phenoxynaphtho[1,2-b]furan (3q): 'H NMR (400
MHz, CDCly) ¢: 8.33 (d, J=7.8 Hz, 1H), 7.97 (d, J/=8.0
Hz, 1H), 7.79 (d, J/=9.0 Hz, 1H), 7.66 (d, /=9.0 Hz, 1H),
7.62 (s, 1H), 7.55~7.49 (m, 2H), 7.40~7.36 (m, 2H),
7.27~7.22 (m, 2H), 7.17~7.13 (m, 1H); *C NMR (100
MHz, CDCly) o: 157.88, 151.75, 142.41, 131.95, 130.30,
129.81, 128.39, 127.10, 126.55, 126.26, 124.68, 123.90,
123.24, 116.81, 116.05, 112.80. HRMS (ESI) ((M+H]")
calcd. for CgH;30,: 261.0916, found 261.0913.
2-(4-tert-Butylphenoxy)-5-chlorobenzofuran (3r): 'H
NMR (400 MHz, CDCl;) d: 7.45 (d, J=28.6 Hz, 2H),
7.40~7.39 (m, 1H), 7.31~7.29 (m, 1H), 7.19~7.16 (m,
3H), 5.72 (s, 1H), 1.39 (s, 9H); *C NMR (100 MHz,
CDCly) o: 161.88, 152.78, 148.29, 147.76, 130.51, 128.77,
126.83, 122.62, 119.53, 118.15, 111.61, 82.48, 34.50,
31.47. HRMS (ESI) ((M+H]") caled for C;sH3ClO;:
301.0995, found 301.0998.
5-Chloro-2-(4-chlorophenoxy)benzofuran  (3s): 'H
NMR (400 MHz, CDCly) o: 7.44~7.39 (m, 3H), 7.31~
7.29 (m, 1H), 7.25~7.15 (m, 3H), 5.74 (s, 1H); *C NMR
(100 MHz, CDCl;) ¢: 161.35, 155.16, 147.79, 130.33,
129.97, 128.79, 125.21, 122.78, 119.61, 118.52, 111.66,
83.06. HRMS (ESI) ((M+H]") caled for C;;HoCLO;:
278.9980, found 278.9977.
5-Chloro-2-(2-chlorophenoxy)benzofuran ~ (3t): 'H
NMR (400 MHz, CDCl3) ¢: 7.52~7.50 (m, 1H), 7.38~
7.37 (m, 1H), 7.32~7.29 (m, 2H), 7.25~7.22 (m, 2H),
7.18~7.16 (m, 1H), 5.67 (s, 1H); *C NMR (100 MHz,
CDCl) ¢: 160.75, 150.55, 147.82, 131.08, 130.22, 128.91,
128.14, 126.50, 125.45, 122.90, 120.55, 119.70, 111.74,
82.71. HRMS (ESI) ((M+H]") caled for C;;HoCLO;:
278.9980, found 278.9977.
2-(4-iso-Propylphenoxy)benzofuran (3u): 'H NMR
(400 MHz, CDCl3) d: 7.46~7.39 (m, 2H), 7.26 (d, J=8.4
Hz, 2H), 7.24~7.22 (m, 2H), 7.15 (d, J=8.4 Hz, 2H),
5.80 (s, 1H), 2.99~2.93 (m, 1H), 1.29 (d, /=6.8 Hz, 6H);
C NMR (100 MHz, CDCls) d: 160.67, 153.51, 149.51,
145.57, 129.04, 127.72, 123.14, 122.59, 119.90, 118.23,
110.67, 83.20, 33.57, 24.10. HRMS (ESI) ((M+H]") calcd
for C;H;,0,: 253.1229, found 253.1233.
2-(4-Ethylphenoxy)benzofuran (3v): '"H NMR (400
MHz, CDCly) o: 7.44~7.39 (m, 2H), 7.24~7.21 (m, 4H),
7.15~7.13 (m, 2H), 5.78 (s, 1H), 2.68 (q, J=7.6 Hz, 2H),
1.27 (t, J=7.6 Hz, 3H); *C NMR (100 MHz, CDCl;) ¢:
160.70, 153.47, 149.49, 140.95, 129.13, 127.63, 123.13,
122.57, 119.88, 118.30, 110.66, 83.11, 28.21, 15.67.
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HRMS (ESI) ([IM+H]") caled for C¢H;50,: 239.1072,
found 239.1068.

2-(4-Chloro-3-methylphenoxy)benzofuran (3w): 'H
NMR (400 MHz, CDCly) d: 7.49~7.47 (m, 1H), 7.43~
7.41 (m, 1H), 7.36 (d, J=8.6 Hz, 1H), 7.27~7.25 (m,
2H), 7.10~7.09 (m, 1H), 7.01~6.98 (m, 1H), 5.88 (s,
1H), 2.41 (s, 3H); *C NMR (100 MHz, CDCl5) : 159.69,
154.05, 149.61, 137.94, 130.16, 130.13, 128.77, 123.30,
122.97, 120.50, 120.15, 116.87, 110.80, 84.32, 20.29.
HRMS (ESI) ((M+H]") caled for C;sH;,ClO,: 259.0526,
found 259.0527.

5-Chloro-2-(m-tolyloxy)benzofuran (3x): 'H NMR
(400 MHz, CDCls) o: 7.39 (d, J=2.0 Hz, 1H), 7.32~7.28
(m, 2H), 7.18~7.16 (m, 1H), 7.07~7.01 (m, 3H), 5.73 (s,
1H), 2.40 (s, 3H); *C NMR (100 MHz, CDCl;) d: 161.50,
155.15, 147.78, 140.33, 130.41, 129.66, 128.76, 126.00,
122.71, 119.58, 119.11, 11549, 111.65, 82.98, 21.38.
HRMS (ESI) ((M+H]") caled for C;sH;,ClO,: 259.0526,
found 259.0523.
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