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Abstract – The ring-contraction reaction of electron-deficient 

3-silyl-2H-chromenes to 2-benzylbenzofurans under mild conditions was 

developed. CsF efficiently promoted the reaction at room temperature or 80 ºC to 

afford a variety of 2-benzylbenzofurans in good yields. 3-Silyl-2H-chromenes 

having strong electron-withdrawing groups smoothly afforded the desired 

products. The reaction is proposed to proceed through an allenyl intermediate or 

dyotropic rearrangement. 

INTRODUCTION  

Ring-contraction reaction is a useful synthetic method in organic chemistry and can be used to carry out a 

wide variety of organic transformations, involving in the total synthesis of natural products.1 Among 

some of these attractive transformations, the ring-contraction reaction of six membered ring to five 

membered ring has been developed by many researchers.2 However, little work has been done on the 

synthesis of benzofurans from chromenes via ring-contraction reaction.3-6 The approaches include the Pd 

catalyzed ring-contraction reaction of chromene at 120 ºC for 44 h (Scheme 1a),4 UV light promoted 

ring-contraction reaction (Scheme 1b).5 Moreover, in 1992, the transformation from the chromene 

derivative into benzofuran via an allene intermediate using lithium diisopropylamide as a strong base was 

reported (Scheme 1c).6 It was suggested that the proton at the 3-position in chromene was deprotonated 

by lithium diisopropylamide, which induced a ring opening reaction of chromene to generate 

allenylphenol. Subsequently, the nucleophilic attack of phenoxide at the C2-position of the allene under 

heating conditions afforded benzofuran. Despite availability of existing methods, it usually suffers from 
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3a was produced in 45% yield along with unknown byproducts. Although the attempt to trap the 

o-allenylphenol failed, the path through the o-allenylphenol as a key intermediate is not necessarily ruled 

out. o-Allenylphenol was difficult to trap in the reaction condition because it was not stable at high 

temperature.18 In addition, as shown in Table 1 (entry 11), when the reaction temperature was decreased, 

the reaction did not proceed. 
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Scheme 5. Investigation of the reaction mechanism 

 

A proposed mechanism for this reaction is shown in Scheme 6. Based on previous reports,3a,6,19 

allenylphenoxide 8 would be efficiently generated by the fluoride anion-promoted elimination of the silyl 

group in chromene 7 (path A). It is suggested that electron-withdrawing group on chromene ring decrease 

electron density of pyran oxygen moiety to promote ring-opening reaction. The subsequent nucleophilic 

attack of phenolate to allene 8 afforded benzofuran 9. The similar reaction mechanism, which smoothly 

proceeds through the allenylphenol to give the benzofuran, was suggested by some researchers.3a,6 Cs of 

soft metal may activate the allene moiety to promote the cyclization reaction. In addition, according to the 

deuterium-labeling experiment of chromene 1e (Scheme 5b), the protonation of benzofuran 9 would 

afford the desired product 10. Especially, it is suggested that the electron-withdrawing group on benzene 

ring at the 4-position makes benzyl anion more stable (Scheme 4, 3b-3e). In the second route (path B), the 

reaction would commence with a pericyclic retro oxa-6π ring opening.3e Then, fluoride source would 

attack to the silyl group in intermediate 11, generating the allene intermediate 8. The addition of a 
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phenolate to the sp-hybridized carbon of the allene and protonation resulted in the production of the 

desired product 10. In the third route (path C), the key reaction is the dyotropic rearrangement. Generally, 

dyotropic rearrangement needs the use of Lewis acid catalysts, such as TMSOTf, MgBr2, and ZnCl2, or 

high temperature conditions.20 On the other hand, under the present reaction conditions, the fluoride ion 

activated the silyl group to generate silicate 12, followed by concerted dyotropic rearrangement to 

produce the ring-contraction intermediate 13 at room temperature. Finally, the protonation of intermediate 

13 afforded benzofuran 10. Based on the experiment depicted in Scheme 5a, path A or path C may be 

more probable than path B because cyclic product 4a was not obtained in the reaction. Although the 

attempt to trap the o-allenylphenol failed, path A is the most likely pathway to benzylbenzofuran 

according to previous literature reports. But dyotropic rearrangement is assumed anti conformation of the 

reactive scaffold forces the groups to migrate on opposite sides of the stationary framework, each 

suprafacially.21 Then, the formal dyotropic rearrangement, path C, can also not be ruled out. 
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Scheme 6. The proposed mechanism 

 

Scheme 7 shows examples for demonstrating the useful derivatization of the product 3a. The reaction of  

2-benzylbenzofuran 3a with 1,4-dimethoxybenzene in the presence of trifluoromethanesulfonic acid 

afforded triarylmethane 14a in 81%. In addition, treatment of isopropyl alcohol gave high yield of the 

product 15a (89% yield). Hydrogenation of 5-nitrobenzofuran 3a led to 5-aminobenzofuran 16a in 

moderate yield. Some 5-aminobenzofuran derivatives are known to exhibit bioactivities such as 

antileishmanial and antitubulin.22 When 2-benzylbenzofuran 3a was treated with NBS in 

tetrachloromethane, (5-nitro-2-benzofuranyl)phenylmethanone 17a was obtained in 72% yield.12a,23 It is 
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General procedure for the synthesis of 2-benzylbenzofurans 

H

H

J J

m/z 

154 HETEROCYCLES, Vol. 99, No. 1, 2019



J J J

m/z

J

J J

J J

m/z

J J J 

m/z

J

HETEROCYCLES, Vol. 99, No. 1, 2019 155



J J

J

m/z

J J J

m/z

J

J J

m/z

 

J J J

m/z

156 HETEROCYCLES, Vol. 99, No. 1, 2019



 

2-[Methoxy(3-methylphenyl)methyl]-5-nitrobenzofuran (3j) 

This reaction was carried out in the same manner as method A employing the following materials: 1j 

(0.1845 g, 0.50 mmol), CsF (0.0761 g, 0.50 mmol), and DMF (5 mL). The usual workup and 

chromatography gave 0.1199 g (81%) of 3j as an orange oil. 1H NMR (500 MHz, CDCl3): δ 8.44 (d, 1H, 

J = 2.5 Hz), 8.16 (dd, 1H, J = 9.3, 2.5 Hz), 7.49 (d, 1H, J = 8.5 Hz), 7.31-7.27 (m, 3H), 7.18-7.17 (m, 1H), 

6.68 (s, 1H), 5.37 (s, 1H), 3.47 (s, 3H), 2.38 (s, 3H); 13C NMR (126 MHz, CDCl3): δ 160.8, 157.9, 144.1, 

138.5, 137.5, 129.4, 128.6, 128.4, 127.9, 124.4, 120.0, 117.5, 111.7, 105.1, 79.3, 57.4, 21.4; IR (ATR): 

2932, 2820, 1512, 1346, 1262, 1066, 799, 752 cm-1; HRMS (ESI+): m/z calcd for C16H12NO3 

([M-OMe]+): 266.0812, found: 266.0822. 

 

2-[Methoxy(2-methylphenyl)methyl]-5-nitrobenzofuran (3k) 

This reaction was carried out in the same manner as method B employing the following materials: 1k 

(0.1817 g, 0.49 mmol), CsF (0.0738 g, 0.49 mmol), and DMF (5 mL). The usual workup and 

chromatography gave 0.1256 g (86%) of 3k as a yellow oil. 1H NMR (500 MHz, CDCl3): δ 8.41 (d, 1H, J 

= 2.0 Hz), 8.17 (dd, 1H, J = 9.0, 2.0 Hz), 7.55-7.53 (m, 1H), 7.50 (d, 1H, J = 9.0 Hz), 7.29-7.27 (m, 2H), 

7.21-7.20 (m, 1H), 6.58 (s, 1H), 5.62 (s, 1H), 3.48 (s, 3H), 2.36 (s, 3H); 13C NMR (126 MHz, CDCl3): δ 

160.4, 157.9, 144.1, 136.0, 135.5, 130.7, 128.4, 128.3, 127.0, 126.4, 120.1, 117.5, 111.7, 105.4, 76.3, 57.5, 

19.1; IR (ATR): 2932, 2824, 1521, 1343, 1262, 1068, 748 cm-1; HRMS (ESI+): m/z calcd for C16H12NO3 

([M-OMe]+): 266.0812, found: 266.0815. 

 

2-[Methoxy(phenyl)]methyl]benzofuran-5-carbonitrile (3l) 

This reaction was carried out in the same manner as method A employing the following materials: 1l 

(0.1680 g, 0.50 mmol), CsF (0.0755 g, 0.50 mmol), and DMF (5 mL). The usual workup and 

chromatography gave 0.1185 g (90%) of 3l as a white solid. 1H NMR (500 MHz, CDCl3): δ 7.82 (s, 1H), 

7.48-7.46 (m, 4H), 7.42-7.39 (m, 2H), 7.37-7.34 (m, 1H), 6.59 (s, 1H), 5.40 (s, 1H), 3.46 (s, 3H); 13C 

NMR (126 MHz, CDCl3): δ 159.7, 156.6, 137.6, 128.6, 128.6, 128.5, 127.8, 127.2, 125.9, 119.2, 112.4, 

106.6, 104.2, 79.1, 57.3; IR (ATR): 3450, 2953, 2225, 1615, 1373, 1248, 1177, 836, 545 cm-1; HRMS 

(ESI+): m/z calcd for C16H10NO ([M-OMe]+): 232.0757, found: 232.0751. 

 

5-Bromo-2-[(methoxy(phenyl))methyl]benzofuran (3m) 

This reaction was carried out in the same manner as method B employing the following materials: 1m 

(0.1947 g, 0.50 mmol), CsF (0.0753 g, 0.50 mmol), and DMF (5 mL). The usual workup and 

chromatography gave 0.1055 g (67%) of 3m as an orange oil. 1H NMR (500 MHz, CDCl3): δ 7.61 (d, 1H, 

J = 1.5 Hz), 7.46-7.44 (m, 2H), 7.40-7.28 (m, 5H), 6.47 (s, 1H), 5.36 (s, 1H), 3.44 (s, 3H); 13C NMR (126 
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(s, 1H), 5.49 (s, 1H), 3.59-3.52 (m, 2H), 1.70-1.64 (m, 2H), 1.41-1.36 (m, 2H), 1.33-1.26 (m, 4H), 0.88 (t, 

3H, J = 7.0 Hz); 13C NMR (126 MHz, CDCl3): δ 161.3, 157.9, 144.1, 138.3, 128.6, 128.5, 128.5, 127.2, 

120.0, 117.5, 111.7, 105.0, 77.6, 70.0, 31.6, 29.7, 25.8, 22.6, 14.0; IR (ATR): 2929, 1523, 1451, 1344, 

1262, 1068, 805, 729, 699 cm-1; HRMS (ESI+): m/z calcd for C15H10NO3 ([M-OnHex]+): 252.0655, 

found: 252.0661. 

 

Investigation of the reaction mechanism (Scheme 5) 

The reaction of 1a in the presence of 1,1-diphenylethylene  

A mixture of 2-methoxy-3-trimethylsilyl-6-nitro-2-phenyl-2H-1-benzopyran (1a, 0.1776 g, 0.50 mmol), 

CsF (0.0767 g, 0.50 mmol), and 1,1-diphenylethylene (0.438 mL, 2.5 mmol) in DMF (5.0 mL) under 

nitrogen was stirred at room temperature for 4 h. After that, the reaction mixture was quenched with H2O. 

The organic layer was separated and the aqueous layer was extracted with EtOAc. The combined organic 

layers were washed with brine, dried over MgSO4, and filtered. The filtrate was concentrated in vacuo. 

The resulting residue was purified by column chromatography on silica gel (hexane / EtOAc = 50 : 1). 

Any intermediates were obtained, but 3a was produced in 73% (0.1041 g). 

 

Procedure for the synthesis of 2-[methoxy(phenyl)(D)methyl]-5-nitrobenzofuran 5e  

In an oven-dried round-bottom flask, CsF (0.0764 g, 0.50 mmol) was added, heated by heatgun for 30 

min in vacuo. D2O (3.0 mmol, 54 mL) and a solution of 3-silyl-2H-chromene (0.2116 g, 0.50 mmol) in 

dry DMF (5.0 mL) were added, then stirred at room temperature for 4 h. After being stirred, the reaction 

mixture was quenched with H2O. The organic layer was separated and the aqueous layer was extracted 

with EtOAc. The combined organic layer were washed with brine, dried over MgSO4, and filtered. The 

filtrate was concentrated in vacuo. The resulting residue was purified by column chromatography on 

silica gel (hexane / EtOAc = 50 : 1) to afford the product in 72% (0.1257 g) as a yellow oil. 1H NMR (500 

MHz, CDCl3): δ 8.44 (s, 1H), 8.17 (d, 1H, J = 9.0 Hz), 7.68-7.62 (m, 4H), 7.50 (d, 1H, J = 9.0 Hz), 6.76 

(s, 1H), 5.49 (s, 0.20H) 3.50 (s, 3H); 13C NMR (126 MHz, CDCl3): δ 159.5, 157.9, 144.2, 141.7, 130.8 (q, 

J = 32.1 Hz), 128.2, 127.5, 125.7 (q, J = 3.8 Hz), 123.9 (d, J = 272.7 Hz), 122.8, 120.4, 117.7, 111.8, 

105.6, 78.5, 57.6; IR (ATR): 2828, 1523, 1449, 1345, 1322, 1262, 1094, 1065, 818 cm-1; HRMS (ESI+): 

m/z calcd for C16H8DF3NO3 ([M-OMe]+): 321.0592, found: 321.0603. 

 

Investigation of the reaction of 2-benzylbenzofuran 3a with DHP  

A mixture of 2-methoxy-3-trimethylsilyl-6-nitro-2-phenyl-2H-1-benzopyran (1a, 0.1767 g, 0.50 mmol), 

CsF (0.0749 g, 0.49 mmol) and DHP (0.14 mL, 3.0 equiv.) in DMF (5.0 mL) under nitrogen was stirred 

at room temperature for 18 h. After that, the reaction mixture was quenched with H2O. The organic layer 
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was separated and the aqueous layer was extracted with EtOAc. The combined organic layers were 

washed with brine, dried over MgSO4, and filtered. The filtrate was concentrated in vacuo. The resulting 

residue was purified by column chromatography on silica gel (hexane / EtOAc = 50 : 1). The 

2-benzylbenzpfuran 3a was obtained in 45% (0.0636 g) instead of an allenyl intermediate 6a. 

 

Transformation of 2-[methoxy(phenyl)methyl]-5-nitrobenzofuran (3a) to 

2-[(2,5-dimethoxyphenyl)(phenyl)methyl]-5-nitrobenzofuran (14a) 

A mixture of 2-(methoxy(phenyl)methyl)-5-nitrobenzofuran (3a, 0.0280 g, 0.10 mmol) and 

1,4-dimethoxybenzene (0.5010 g, 3.6 mmol) under nitrogen was heated to 60 ºC, then  

trifluoromethanesulfonic acid (20 mol%, 0.0018 mL) was added. After being stirred at 60 ºC for 5 h, the 

reaction mixture was quenched with H2O. The organic layer was separated and the aqueous layer was 

extracted with EtOAc. The combined organic layers were washed with brine, dried over MgSO4, and 

filtered. The filtrate was concentrated in vacuo. The resulting residue was purified by column 

chromatography on silica gel (hexane / EtOAc = 50 : 1) to afford product (14a) in 81% (0.0310 g) as 

yellow solid; 1H NMR (400 MHz, CDCl3): δ 8.37 (d, 1H, J = 2.3 Hz), 8.15 (dd, 1H, J = 9.2, 2.3 Hz), 7.45 

(d, 1H, J = 9.2 Hz), 7.36-7.27 (m, 3H), 7.24-7.20 (m, 2H), 6.88-6.84 (m, 1H), 8.82-6.77 (m, 1H), 6.60 (d, 

1H, J = 2.8 Hz), 6.40-6.36 (m, 1H), 6.00 (s, 1H), 3.74 (s, 3H), 3.69 (s, 3H); 13C NMR (101 MHz, CDCl3): 

δ 163.7, 157.9, 153.5, 151.1, 144.0, 139.7, 129.8, 128.9, 128.8, 128.6, 127.2, 119.6, 117.0, 116.5, 111.9, 

111.7, 111.4, 106.0, 56.2, 55.6, 44.2; IR (ATR): 2971, 1523, 1343, 1263, 1044, 730, 697, 683 cm-1; 

HRMS (ESI+): m/z calcd for C23H19NO5 ([M+H]+): 390.1336, found: 390.1320. 

 

Transformation of 2-[methoxy(phenyl)methyl]-5-nitrobenzofuran (3a) to 

2-[isopropoxy(phenyl)methyl]-5-nitrobenzofuran (15a) 

To a mixture of 2-(methoxy(phenyl)methyl)-5-nitrobenzofuran (3a, 0.0282 g, 0.10 mmol) in isopropyl 

alcohol (1.5 mL) under nitrogen, trifluoromethanesulfonic acid (20 mol%, 0.0018 mL) was added. After 

being stirred at 60 ºC for 24 h, the reaction mixture was quenched with H2O. The organic layer was 

separated and the aqueous layer was extracted with EtOAc. The combined organic layers were washed 

with brine, dried over MgSO4, and filtered. The filtrate was concentrated in vacuo. The resulting residue 

was purified by column chromatography on silica gel (hexane / EtOAc = 40 : 1) to afford product (15a) in 

89% (0.0276 g) as yellow oil; 1H NMR (400 MHz, CDCl3): δ 8.42 (d, 1H, J = 2.3 Hz), 8.17 (dd, 1H, J = 

9.2, 2.3 Hz), 7.51-7.46 (m, 3H), 7.43-7.32 (m, 3H), 6.66 (s, 1H), 5.62 (s, 1H), 3.78 (spt, 1H, J = 6.1 Hz), 

1.29 (d, 3H, J = 6.0 Hz), 1.24 (d, 3H, J = 6.0 Hz); 13C NMR (101 MHz, CDCl3): δ 161.8, 157.9, 144.1, 

138.8, 128.6, 128.5, 128.4, 127.2, 120.0, 117.5, 111.7, 104.9, 74.8, 70.5, 22.6, 21.8; IR (ATR): 2971, 
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1523, 1343, 1263, 1119, 1067, 753, 727, 699, 683 cm-1; HRMS (ESI+): m/z calcd for C15H10NO3 

([M-OCH3CHCH3]+): 252.0655, found: 252.0647. 

 

Transformation of 2-[methoxy(phenyl)methyl]-5-nitrobenzofuran (3a) to 

5-amino-2-[Methoxy(phenyl)methyl]benzofuran (16a) 

To a mixture of 2-(methoxy(phenyl)methyl)-5-nitrobenzofuran (3a, 0.0270 g, 0.10 mmol) in EtOAc   

(1 mL), palladium on charcoal (10%, 0.0127 g) was added. After being stirred under hydrogen for 6 h, the 

reaction mixture was filtered. The filtrate was concentrated in vacuo. The resulting residue was purified 

by column chromatography on silica gel (hexane / EtOAc = 2 : 1) to afford product (16a) in 66%  

(0.0158 g) as orange oil; 1H NMR (400 MHz, CDCl3): δ 7.49-7.43 (m, 2H), 7.41-7.30 (m, 3H), 7.22 (d, 

1H, J = 8.7 Hz), 6.77 (d, 1H, J = 2.3 Hz), 6.62 (dd, 1H, J = 8.7, 2.3 Hz), 6.37 (s, 1H), 5.34 (s, 1H), 3.44 (s, 

1H), 3.35-2.69 (br s, 2H); 13C NMR (101 MHz, CDCl3): 157.4, 149.8, 141.9, 138.6, 128.8, 128.5, 128.2, 

127.3, 113.5, 111.6, 105.9, 104.6, 79.5, 57.2; IR (ATR): 3366, 2931, 1452, 1206, 1090, 939, 846, 817, 

760, 722, 696, 565; HRMS (ESI+): m/z calcd for C16H59NO2 ([M+H]+): 254.1176, found: 254.1183. 

 

Transformation of 2-[methoxy(phenyl)methyl]-5-nitrobenzofuran (3a) to 

2-benzoyl-5-nitrobenzofuran (17a)  

A mixture of 2-(methoxy(phenyl)methyl)-5-nitrobenzofuran (3a, 0.0283 g, 0.10 mmol) and NBS (0.0267 

g, 0.15 mmol) in CCl4 (2.0 mL) under nitrogen was stirred at reflux for 12 h. After that, the reaction 

mixture was quenched with H2O. The organic layer was separated and the aqueous layer was extracted 

with CH2Cl2. The combined organic layers were dried over Na2SO4, and filtered. The filtrate was 

concentrated in vacuo. The resulting residue was purified by column chromatography on silica gel 

(hexane / EtOAc = 20 : 1) to afford product (17a) in 72% (0.0189 g) as a white solid; 1H NMR (300 MHz, 

CDCl3): δ 8.70 (d, 1H, J = 2.3 Hz), 8.42 (dd, 1H, J = 9.4, 2.3 Hz, 8.07 (m, 2H), 7.77 (d, 1H, J = 9.0 Hz), 

7.73-7.67 (m, 1H), 7.66 (s, 1H), 7.61-7.55 (m, 1H). 13C NMR (126 MHz, CDCl3): δ 183.6, 158.2, 154.9, 

145.0, 136.5, 133.6, 129.5, 128.8, 127.3, 123.5, 119.9, 115.9, 113.2. IR (ATR): 3089, 2962, 2926, 2852, 

1658, 1620, 1600, 1552, 1521, 1448, 1346, 1322, 1261, 1220, 1173, 1129, 1070, 966, 937, 895, 831, 802, 

753, 723, 687, 592, 577 cm-1. (ESI+): m/z calcd for C15H10NO4 ([M+H]+): 268.0604, found: 268.0601. 

 

General procedure for the synthesis of 3-trimethylsilyl-2H-1-benzopyran10 

To a mixture of 5-nitrosalicylaldehyde (30.0 mmol), trimethylsilylethynylbenzene (60.0 mmol) and 

trimethyl orthoformate (30.0 mmol) in dry CH2Cl2 (80 mL) under nitrogen, boron trifluoride etherate (20 

mol%) was added. After being stirred at reflux for 16 h, the reaction mixture was quenched with 5% aq. 

NaHCO3. The organic layer was separated and the aqueous layer was extracted with EtOAc. The 
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combined organic layer were washed with brine, dried over MgSO4, and filtered. The filtrate was 

concentrated in vacuo. The resulting residue was purified by column chromatography on silica gel 

(hexane / EtOAc = 20 : 1) to afford product. 

 

2-Methoxy-3-trimethylsilyl-6-nitro-2-phenyl-2H-1-benzopyran (1a)10 

This reaction was carried out in the same manner as general procedure employing the following materials: 

salicylaldehyde (5.01 g, 30.0 mmol), acetylene (11.8 mL, 60.0 mmol), trimethyl orthoformate (3.28 mL, 

30.0 mmol), boron trifluoride etherate (0.75 mL, 20 mol%), and dry CH2Cl2 (80 mL). The usual workup 

and chromatography gave 5.22 g (49%) of 1a as a yellow solid; 1H NMR (500 MHz, CDCl3): δ 8.14-8.11 

(m, 2H), 7.51-7.49 (m, 2H), 7.40-7.32 (m, 3H), 7.14 (s, 1H), 6.95 (d, 1H, J = 9.0 Hz), 3.34 (s, 3H), -0.10 

(s, 9H). 

 

Methyl 4-(2-Methoxy-6-nitro-3-trimethylsilyl-2H-1-benzopyran-2-yl)benzoate (1b) 

This reaction was carried out in the same manner as general procedure employing the following materials: 

salicylaldehyde (1.503 g, 9.0 mmol), acetylene (4.156 g, 18 mmol), trimethyl orthoformate (0.98 mL, 9.0 

mmol), boron trifluoride etherate (0.23 mL, 20 mol%), and dry CH2Cl2 (25 mL). The usual workup and 

chromatography gave 0.647 g (17%) of 1b as a yellow solid; 1H NMR (500 MHz, CDCl3): δ 8.16-8.10 (m, 

2H), 8.05 (d, 2H, J = 9.0 Hz), 7.56 (d, 2H, J = 9.0 Hz), 7.15 (s, 1H), 6.94 (d, 1H, J = 7.5 Hz), 3.93 (s, 3H), 

3.33 (s, 3H), -0.10 (s, 9H); 13C NMR (126 MHz, CDCl3): δ 166.3, 157.7, 146.4, 141.5, 137.0, 134.0, 

130.4, 129.3, 126.3 125.7, 122.7, 118.1, 115.6, 105.1, 51.9, 50.6, -1.0; IR (ATR): 2834, 1720, 1519, 1340, 

1248, 1109, 1068, 824 cm-1; HRMS (ESI+): m/z calcd for C20H20NO5Si ([M-OMe]+): 382.1105, found: 

382.1115. 

 

2-Methoxy-6-nitro-2-(4-fluoromethylphenyl)-3-trimethylsilyl-2H-1-benzopyran (1c) 

This reaction was carried out in the same manner as general procedure employing the following materials: 

salicylaldehyde (2.14 g, 13 mmol), acetylene (4.93 g, 26 mmol), trimethyl orthoformate (1.40 mL, 13 

mmol), boron trifluoride etherate (0.32 mL, 20 mol%), and dry CH2Cl2 (25 mL). The usual workup and 

chromatography gave 1.25 g (26%) of 1c as a yellow solid; 1H NMR (500 MHz, CDCl3): δ 8.13-8.10 (m, 

2H), 7.49-7.46 (m, 2H), 7.13 (s, 1H), 7.05 (t, 2H, J = 8.3 Hz), 3.31 (s, 3H), -0.07 (s, 9H); 13C NMR (126 

MHz, CDCl3): δ 163.8, 161.9, 158.0, 141.5, 138.3, 137.6, 133.8, 128.3, 128.2, 125.9, 122.8, 118.1, 115.7, 

115.0, 114.9, 105.2, 50.7, -0.9: IR (ATR): 2835, 1509, 1340, 1245, 1232, 1116, 1092, 1065, 822 cm-1; 

HRMS (ESI+): m/z calcd for C18H17NO3FSi ([M-OMe]+): 342.0956, found: 342.0957. 

 

 

HETEROCYCLES, Vol. 99, No. 1, 2019 163



 

2-Methoxy-6-nitro-2-(4-chlorophenyl)-3-trimethylsilyl-2H-1-benzopyran (1d) 

This reaction was carried out in the same manner as general procedure employing the following materials: 

salicylaldehyde (2.28 g, 14 mmol), acetylene (5.5 g, 26 mmol), trimethyl orthoformate (1.51 mL, 14 

mmol), boron trifluoride etherate (0.35 mL, 20 mol%), and dry CH2Cl2 (25 mL). The usual workup and 

chromatography gave 1.35 g (25%) of 1d as a yellow solid; 1H NMR (500 MHz, CDCl3): δ 8.09 (d, 1H, J 

= 2.5 Hz), 8.04 (dd, 1H, J = 8.5, 2.5 Hz), 7.44-7.39 (m, 2H), 7.33-7.29 (m, 2H), 7.15 (s, 1H), 6.89 (d, 1H, 

J = 8.5 Hz), 3.29 (s, 3H), -0.08 (s, 9H); 13C NMR (126 MHz, CDCl3): δ 157.7, 141.3, 140.7, 137.1, 134.6, 

133.9, 128.1, 127.7, 125.7, 122.7, 118.0, 115.5, 105.0, 50.5, -1.0; IR (ATR): 2835, 1515, 1337, 1248, 

1117, 1092, 1065, 818 cm-1; HRMS (ESI+): m/z calcd for C18H17NO3SiCl ([M-OMe]+): 358.0661, found: 

358.0668. 

 

2-Methoxy-6-nitro-2-(4-trifluoromethylphenyl)-3-trimethylsilyl-2H-1-benzopyran (1e)10 

This reaction was carried out in the same manner as general procedure employing the following materials: 

salicylaldehyde (2.84 g, 17 mmol), acetylene (7.05 mL, 30 mmol), trimethyl orthoformate (3.72 mL, 34 

mmol), boron trifluoride etherate (0.43 mL, 20 mol%), and dry CH2Cl2 (50 mL). The usual workup and 

chromatography gave 2.81 g (39%) of 1e as a yellow solid; 1H NMR (500 MHz, CDCl3): δ 8.14-8.12 (m, 

2H), 7.66-7.61 (m, 4H), 7.17 (s, 1H), 6.94 (d, 1H, J = 9.0 Hz), 3.33 (s, 3H), -0.09 (s, 9H). 

 

2-Methoxy-2-(4-methoxyphenyl)-6-nitro-3-trimethylsilyl-2H-1-benzopyran (1g)10 

This reaction was carried out in the same manner as general procedure employing the following materials: 

salicylaldehyde (2.51 g, 15 mmol), acetylene (6.38 mL, 30 mmol), trimethyl orthoformate (3.28 mL, 30 

mmol), boron trifluoride etherate (0.38 mL, 20 mol%), and dry CH2Cl2 (40 mL). The usual workup and 

chromatography gave 0.67 g (12%) of 1g as a yellow solid; 1H NMR (500 MHz, CDCl3): δ 8.11-8.09 (m, 

2H), 7.40-7.38 (m, 2H), 7.10 (s, 1H), 6.93 (d, 1H, J = 9.1 Hz), 6.89-6.87 (m, 2H), 3.82 (s, 3H), 3.30 (s, 

3H), -0.08 (s, 9H). 

 

2-Methoxy-6-nitro-2-(4-isopropylphenyl)-3-trimethylsilyl-2H-1-benzopyran (1h)10 

This reaction was carried out in the same manner as general procedure employing the following materials: 

salicylaldehyde (1.00 g, 6.0 mmol), acetylene (2.70 mL, 11 mmol), trimethyl orthoformate (0.66 mL, 6.0 

mmol), boron trifluoride etherate (0.15 mL, 20 mol%), and dry CH2Cl2 (25 mL). The usual workup and 

chromatography gave 0.98 g (41%) of 1h as a yellow oil; 1H NMR (500 MHz, CDCl3): δ 8.12-8.08 (m, 

2H), 7.40-7.38 (m, 2H), 7.23-7.21 (m, 2H), 7.10 (s, 1H), 6.94 (d, 1H, J = 8.5 Hz), 3.31 (s, 3H), 2.92 (spt, 

1H, J = 7.0 Hz), 1.24 (d, 6H, J = 7.0 Hz), -0.10 (s, 9H). 
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2-(4-Methylphenyl)-2-methoxy-6-nitro-3-trimethylsilyl-2H-1-benzopyran (1i)10 

This reaction was carried out in the same manner as general procedure employing the following materials: 

salicylaldehyde (0.978 g, 5.9 mmol), acetylene (2.203 g, 12 mmol), trimethyl orthoformate (0.64 mL, 5.9 

mmol), boron trifluoride etherate (0.14 mL, 20 mol%), and dry CH2Cl2 (30 mL). The usual workup and 

chromatography gave 0.6534 g (30%) of 1i as a brown oil; 1H NMR (500 MHz, CDCl3): δ 8.14-8.12 (m, 

2H), 7.66-7.61 (m, 4H), 7.17 (s, 1H), 6.94 (d, 1H, J = 9.0 Hz), 3.33 (s, 3H), -0.09 (s, 9H). 

 

2-(3-Methylphenyl)-2-methoxy-6-nitro-3-trimethylsilyl-2H-1-benzopyran (1j)10 

This reaction was carried out in the same manner as general procedure employing the following materials: 

salicylaldehyde (0.5171 g, 3.1 mmol), acetylene (1.168 g, 6.2 mmol), trimethyl orthoformate (0.34 mL, 

3.1 mmol), boron trifluoride etherate (0.078 mL, 20 mol%), and dry CH2Cl2 (15 mL). The usual workup 

and chromatography gave 0.4589 g (40%) of 1j as a yellow solid; 1H NMR (500 MHz, CDCl3):        

δ 8.14-8.12 (m, 2H), 7.66-7.61 (m, 4H), 7.17 (s, 1H), 6.94 (d, 1H, J = 9.0 Hz), 3.33 (s, 3H), -0.09 (s, 9H). 

 

2-(2-Methylphenyl)-2-methoxy-6-nitro-3-trimethylsilyl-2H-1-benzopyran (1k)10 

This reaction was carried out in the same manner as general procedure employing the following materials: 

salicylaldehyde (0.7922 g, 4.7 mmol), acetylene (1.7893 g, 9.5 mmol), trimethyl orthoformate (0.52 mL, 

4.8 mmol), boron trifluoride etherate (0.12 mL, 20 mol%), and dry CH2Cl2 (25 mL). The usual workup 

and chromatography gave 0.2054 g (12%) of 1k as a yellow solid; 1H NMR (500 MHz, CDCl3):        

δ 8.14-8.12 (m, 2H), 7.66-7.61 (m, 4H), 7.17 (s, 1H), 6.94 (d, 1H, J = 9.0 Hz), 3.33 (s, 3H), -0.09 (s, 9H). 

 

2-Methoxy-2-phenyl-3-trimethylsilyl-2H-1-benzopyran-6-carbonitrile (1l) 

This reaction was carried out in the same manner as general procedure employing the following materials: 

salicylaldehyde (0.71 g, 4.8 mmol), acetylene (1.96 mL, 10 mmol), trimethyl orthoformate (0.55 mL, 5.0 

mmol), boron trifluoride etherate (0.13 mL, 20 mol%), and dry CH2Cl2 (30 mL). The usual workup and 

chromatography gave 0.58 g (35%) of 1l as a yellow solid. 1H NMR (500 MHz, CDCl3): δ 7.56 (m, 4H), 

7.36 (m, 3H), 7.03 (s, 1H), 7.36 (d, 2H, J = 9.0 Hz), 3.31 (s, 3H), -0.12 (s, 9H); 13C NMR (126 MHz, 

CDCl3): δ 156.2, 142.1, 137.3, 133.6, 133.0, 130.9, 128.6, 127.8, 126.2, 119.0, 119.0, 116.1, 104.8, 103.9, 

50.4, -1.1, 52.2; IR (ATR): 2959, 1615, 1245, 1066, 1000, 831, 753, 694 cm-1; HRMS (ESI+): m/z calcd 

for C19H18NOSi ([M-OMe]+): 304.1152, found: 304.1162. 

 

6-Bromo-2-methoxy-2-phenyl-3-trimethylsilyl-2H-1-benzopyran (1m) 

This reaction was carried out in the same manner as general procedure employing the following  

materials: salicylaldehyde (2.02 g, 10 mmol), acetylene (3.92 mL, 20 mmol), trimethyl orthoformate 
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(1.09 mL, 10 mmol), boron trifluoride etherate (0.25 mL, 20 mol%), and dry CH2Cl2 (50 mL). The usual 

workup and chromatography gave 1.05 g (27%) of 1m as an orange oil. 1H NMR (500 MHz, CDCl3):   

δ 7.50-7.48 (m, 2H), 7.37-7.27 (m, 5H), 6.97 (s, 1H), 6.78 (d, 1H, J = 8.5 Hz), 3.29 (s, 3H), -0.14 (s, 9H); 
13C NMR (126 MHz, CDCl3): δ 152.1, 142.7, 136.6, 133.7, 132.6, 129.3, 128.5, 128.0, 126.6, 120.5, 

117.1, 112.6, 104.1, 50.5; IR (ATR): 2955, 1474, 1245, 1000, 834, 755, 697 cm-1; HRMS (ESI+): m/z 

calcd for C18H18OSiBr ([M-OMe]+): 357.0305, found: 357.0296. 

 

Methyl 2-methoxy-6-nitro-2-phenyl-3-trimethylsilyl-2H-1-benzopyran-6-carboxylate (1n)10 

This reaction was carried out in the same manner as general procedure employing the following materials: 

salicylaldehyde (1.08 g, 6.0 mmol), acetylene (2.35 mL, 12 mmol), trimethyl orthoformate (0.66 mL, 6.0 

mmol), boron trifluoride etherate (0.15 mL, 20 mol%), and dry CH2Cl2 (25 mL). The usual workup and 

chromatography gave 0.86 g (39%) of 1n as a yellow oil; 1H NMR (300 MHz, CDCl3): δ 7.94-7.89 (m, 

2H), 7.52-7.49 (m, 2H), 7.35-7.28 (m, 3H), 7.12 (s, 1H), 6.90 (d, 1H, J = 8.3 Hz), 3.86 (s, 3H), 3.29 (s, 

3H), -0.11 (s, 9H). 

 

2-Methoxy-7-(4-methylbenzenesulfonate)-2-phenyl-3-trimethylsilyl-2H-1-benzopyran (1o) 

This reaction was carried out in the same manner as general procedure employing the following materials: 

salicylaldehyde (1.46 g, 5.0 mmol), acetylene (1.96 mL, 10 mmol), trimethyl orthoformate (0.55 mL, 5 

mmol), boron trifluoride etherate (0.13 mL, 20 mol%), and dry CH2Cl2 (25 mL). The usual workup and 

chromatography gave 0.71 g (30%) of 1o as a yellow solid. 1H NMR (500 MHz, CDCl3): δ 7.69 (d, 2H, J 

= 8.5 Hz), 7.46 (m, 2H), 7.33 (m, 3H), 7.26 (m, 2H), 7.09 (d, 1H, J = 8.5 Hz), 6.99 (s, 1H), 6.68 (dd, 1H, 

J = 8.5, 2.5 Hz), 6.46 (s, 1H) 3.23 (s 3H), 2.40 (s, 3H), -0.15 (s, 9H); 13C NMR (126 MHz, CDCl3):      

δ 153.4, 150.3, 145.3, 142.3, 135.7, 133.8, 132.3, 129.7, 128.5, 128.4, 127.9, 127.5, 126.6, 117.8, 115.0, 

109.5, 104.0, 50.5, 21.5, -0.92; IR (ATR): 3439, 2955, 1615, 1489, 1372, 1248, 1177, 835, 549 cm-1; 

HRMS (ESI+): m/z calcd for C25H25O4SiS ([M-OMe]+): 449.1237, found: 449.1244. 

 

2-Methoxy-7-acetyloxy-2-phenyl-3-trimethylsilyl-2H-1-benzopyran (1p)10 

This reaction was carried out in the same manner as general procedure employing the following materials: 

salicylaldehyde (1.08 g, 6.0 mmol), acetylene (2.35 mL, 12 mmol), trimethyl orthoformate (0.66 mL, 6.0 

mmol), boron trifluoride etherate (0.15 mL, 20 mol%), and dry CH2Cl2 (25 mL). The usual workup and 

chromatography gave 0.40 g (18%) of 1p as a yellow solid; 1H NMR (300 MHz, CDCl3): δ 7.52-7.49 (m, 

2H), 7.37-7.33 (m, 3H), 7.15 (d, 1H, J = 7.9 Hz), 7.03 (s, 1H), 6.70-6.65 (m, 2H), 3.31 (s, 3H), 2.27 (s, 

3H), -0.15 (s, 9H). 
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6,8-Dibromo-2-methoxy-2-phenyl-3-trimethylsilyl-2H-1-benzopyran (1q) 

This reaction was carried out in the same manner as general procedure employing the following materials: 

salicylaldehyde (2.4209 g, 8.6 mmol), acetylene (3.38 mL, 17 mmol), trimethyl orthoformate (0.95 mL, 

8.6 mmol), boron trifluoride etherate (0.22 mL, 20 mol%), and dry CH2Cl2 (45 mL). The usual workup 

and chromatography gave 0.1659 g (4%) of 1q as a brown oil; 1H NMR (500 MHz, CDCl3): δ 7.57 (d, 1H, 

J = 2.4 Hz), 7.51-7.48 (m, 2H), 7.40-7.35 (m, 3H), 7.27 (d, 1H, J = 2.4 Hz), 6.88 (s, 1H), 3.31 (s, 3H), 

-0.14 (s, 9H); 13C NMR (126 MHz, CDCl3): δ 148.7, 141.4, 138.9, 135.1, 132.8, 128.6, 128.5, 128.1, 

127.0, 122.1, 112.8, 110.3, 105.0, 51.0, -0.9; IR (ATR): 2956, 1443, 1247, 1002, 837, 695 cm-1; HRMS 

(ESI+): m/z calcd for C18H17OSiBr2 ([M-OMe]+): 434.9410, found: 434.9415. 

 

2-Methoxy-6-nitro-2-naphthyl-3-trimethylsilyl-2H-1-benzopyran (1r)10 

This reaction was carried out in the same manner as general procedure employing the following materials: 

salicylaldehyde (2.09 g, 13 mmol), acetylene (5.53 mL, 25 mmol), trimethyl orthoformate (2.76 mL, 25 

mmol), boron trifluoride etherate (0.31 mL, 20 mol%), and dry CH2Cl2 (30 mL). The usual workup and 

chromatography gave 0.98 g (19%) of 1r as a yellow solid; 1H NMR (500 MHz, CDCl3): δ 8.16 (d, 1H, J 

= 2.5 Hz), 8.12 (dd, 1H, J = 8.5, 2.5 Hz), 8.04 (s, 1H), 7.89-7.82 (m, 3H), 7.52-7.48 (m, 3H), 7.18 (s, 1H), 

6.95 (d, 1H, J = 8.5 Hz), 3.39 (s, 3H), -0.12 (s, 9H). 

 

2-Ethoxy-6-nitro-2-phenyl-3-trimethylsilyl-2H-1-benzopyran (1s) 

In an oven-dried round-bottom flask, benzopyran 1a (0.4859 g, 1.4 mmol), boron trifluoride etherate 

(0.034 mL, 20 mol%) and EtOH (7 mL) were added, then stirred at 60 ºC for 8 h. After being stirred, the 

reaction mixture was quenched with H2O. The organic layer was separated and the aqueous layer was 

extracted with EtOAc. The combined organic layer were washed with brine, dried over MgSO4, and 

filtered. The filtrate was concentrated in vacuo. The resulting residue was purified by column 

chromatography on silica gel (hexane / EtOAc = 100 : 1) to afford 1s in 65% (0.3299 g) as a yellow solid. 
1H NMR (500 MHz, CDCl3): δ 8.13-8.10 (m, 2H), 7.51-7.49 (m, 2H), 7.40-7.34 (m, 3H), 7.07 (s, 1H), 

6.93 (d, 1H, J = 12.5 Hz), 3.50 (q, 1H, J = 8.5 Hz), 1.23 (t, 1H, J = 8.5 Hz), -0.11 (s, 9H); 13C NMR (126 

MHz, CDCl3): δ158.2, 142.3, 141.3, 138.3, 132.9, 128.9, 128.1, 126.4, 125.8, 122.8, 118.3, 115.7, 105.1, 

58.7, 14.9, -0.9; IR (ATR): 2896, 1609, 1516, 1338, 1249, 1059, 989, 829, 750, 698 cm-1; HRMS (ESI+): 

m/z calcd for C20H24NO4Si ([M+H]+): 370.1470, found: 370.1485. 

 

2-Hexyloxy-6-nitro-2-phenyl-3-trimethylsilyl-2H-1-benzopyran (1t) 

In an oven-dried round-bottom flask, benzopyran 1a (0.7072 g, 2.0 mmol), boron trifluoride etherate 

(0.050 mL, 20 mol%) and n-hexanol (10 mL) were added, then stirred at 60 ºC for 11 h. After being 
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stirred, the reaction mixture was quenched with H2O. The organic layer was separated and the aqueous 

layer was extracted with EtOAc. The combined organic layer were washed with brine, dried over MgSO4, 

and filtered. The filtrate was concentrated in vacuo. The resulting residue was purified by column 

chromatography on silica gel (hexane / EtOAc = 100 : 1) to afford 1t in 79% (0.6017 g) as a yellow solid. 
1H NMR (500 MHz, CDCl3): δ 8.12-8.09 (m, 2H), 7.50-7.48 (m, 2H), 7.39-7.33 (m, 3H), 7.07 (s, 1H), 

6.91 (d, 1H, J = 10.0 Hz), 3.47-3.37 (m, 2H), 1.70-1.59 (m, 2H), 1.40-1.34 (m, 2H), 1.33-1.24 (m, 4H), 

0.87 (t, 3H, J = 7.0 Hz), -0.11 (s, 9H); 13C NMR (126 MHz, CDCl3): δ 158.3, 142.5, 141.3, 132.9, 128.8, 

128.1, 126.5, 125.8, 122.8, 118.4, 115.7, 105.1, 63.2, 31.6, 29.6, 25.9, 22.5, 14.0, -0.8; IR (ATR): 2953, 

1611, 1518, 1337, 1269, 1006, 830, 748, 698 cm-1; HRMS (ESI+): m/z calcd for C24H32NO4Si ([M+H]+): 

426.2095, found: 426.2080. 
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