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General remarks.

All manipulations of oxygen- and moisture-sensitive materials were conducted with a
standard Schlenk technique under a purified argon atmosphere. Nuclear magnetic
resonance spectra were taken on a Varian 400-MR ('H, 400 MHz; “C, 100 MHz)
spectrometer or a Varian System 500 (‘H, 500 MHz; “C, 125 MHz) spectrometer using
residual chloroform ('H, 8 = 7.26) or CDCl, (°C, 8 = 77.0) as an internal standard. 'H
NMR data are reported as follows: chemical shift, multiplicity (s = singlet, d = doublet, t =
triplet, q = quartet, quint = quintet, sept = septet, m = multiplet), coupling constants (Hz),
integration. High-resolution mass spectra were obtained with a JEOL JMS-SX102A
spectrometer. Column chromatography was carried out using Merck Kieselgel 60. Unless
otherwise noted, commercially available reagents were used without purification. KF
(spray-dried) was vacuum dried at 100 °C for 12 h. DMF was distilled from calcium
hydride.

Aryne precursors.

2-(Trimethylsilyl)phenyl triflate (1a),' 4,5-dimethyl-2-(trimethylsilyl)phenyl triflate (1b),>
3,6-dimethoxy-2-(trimethylsilyl)phenyl triflate (1c)* and 3-(trimethylsilyl)-2-naphthyl
triflate (1d)’ and 6-phenyl-2-(trimethylsilyl)phenyl triflate (1e)* were prepared according

to literature procedures.
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Three-component coupling using arynes and DMF: a general procedure.

A Schlenk tube equipped with a magnetic stirring bar was charged with KF (0.80 mmol).
The tube was evacuated at room temperature for 1 h with stirring before addition of DMF
(4 mL), an ester (or a nitrile) (0.20 mmol), and an aryne precursor (0.40 mmol) under an
argon atmosphere. The resulting mixture was stirred at 80 °C for the period as specified in
Table 1, Table 2 and Scheme 2. The mixture was diluted with ethyl acetate and the
organic solution was washed three times with brine. The organic layer was dried over
MgSO, and the solvent was removed in vacuo. Silica gel-column chromatography

(hexane/ethyl acetate or hexane/diethyl ether as an eluent) gave the corresponding product.

Ethyl 2-0x0-2H-chromene-3-carboxylate (3a)’

X,
2 COo,Et
Isolated in 79% yield as a pale yellow solid: "H NMR (CDCl;) 6 1.40 (t,J = 7.0 Hz 3 H),

441 (q,J =70 Hz 2 H),7.31-7.36 (m, 2 H), 7.60-7.65 (m, 2 H), 8.52 (s, 1 H); "C NMR
(CDCl;) 6 14.2,61.9,116.7,117.8,118.2,124.8,129.4,134.3, 148.6, 155.1, 156.7, 163 0.

Butyl 2-ox0-2H-chromene-3-carboxylate (3b)°

ood
Z > C0,n-Bu

Isolated in 87% yield as a yellow solid: 'H NMR (CDCl,) 6 0.97 (t,J = 7.5 Hz 3 H), 1.45
(quint,J=7.5Hz,2 H),1.76 (q,J =7.5Hz,2 H),4.35(q,J = 7.5 Hz, 2 H), 7.32-7.36 (m,
2 H), 7.60-7.66 (m, 2 H), 8.51 (s, 1 H); "C NMR (CDCl,) & 13.7,19.2,30.6, 65.8,116.8,
1179,118.5,124.8,129.5,134.3, 148.5,155.2, 156.7, 163 2.

Isopropyl 2-oxo0-2H-chromene-3-carboxylate (3c)’

ool
2> CO0,i-Pr

Isolated in 79% yield as a colorless solid: '"H NMR (CDCl,) 6 1.38 (d,J = 6.0 Hz, 1 H),
5.26 (sept, J = 6.0 Hz, 1 H), 7.31-7.35 (m, 2 H), 7.59-7.65 (m, 2 H), 8.46 (s, 1 H); “C
NMR (CDCl;) 6 21.8,69.6,116.7,117.8,118.7, 124.7, 1294, 134.2, 148.0, 155.1, 156.7,
162 .4.

tert-Butyl 2-ox0-2H-chromene-3-carboxylate (3d)®
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QX
Z>CO,tBu

Isolated in 72% yield as a colorless solid: '"H NMR (CDCl,) & 1.61 (s, 9 H), 7.30-7.36 (m,
2 H), 7.58-7.64 (m, 2 H), 8.40 (s, 1 H); “C NMR (CDCl,) § 25.6, 80.3, 1142, 1154,
117.2,122.1,126.7,131.4,144.9,152.5,154.3,159 4.

0._.0
QL

)

3-Acetyl-2H-chromen-2-one (3e)’

Isolated in 55% yield as a yellow solid: 'H NMR (CDCl;) 8 2.72 (s, 3 H), 7.34-7.38 (m, 2
H), 7.64-7.67 (m, 2 H), 8.51 (s, 1 H); "“C NMR (CDCl,) 6 31.3, 1174, 1189, 1252,
125.7, 1309, 135.1, 148.2, 156 .0, 160.0, 196 .2.

2-0x0-2H-chromene-3-carbonitrile (3f)’
L,
Z>CN
Isolated in 39% yield as a pale yellow solid: 'H NMR (CDCL,) 6 7.40-7.43 (m, 2 H), 7.62

(dd,J=8.0,2.0 Hz, 1 H),7.73 (td,J = 7.2, 1.5 Hz, 1 H), 8.28 (s, 1 H); "C NMR (CDCl,)
0103.3,113.5,117.1,117.4,125.7,129.3, 135.6, 151.8, 154.6, 156 4.

Diethyl 2-0x0-2H-chromen-3-ylphosphonate (3g)°

404
Z > P(OEY),

O

Isolated in 74% yield as a colorless oil: '"H NMR (CDCl,) & 1.35 (t, J = 7.0 Hz, 6 H),
4.19-4.31 (m, 4 H), 7.30-7.34 (m,2 H), 7.57 (d,/ =80 Hz, 1 H),7.62 (td,J = 8.0, 1.5 Hz,
1 H), 849 (d,J =17 Hz, 1 H); "C NMR (CDCl;) 6 16.3 (d, Jop= 6.5 Hz),63.3 (d, Jop=
6.0 Hz), 1168 (d, J.,=09 Hz), 1174 (d, J.,= 103.7 Hz), 118.2 (d, Jo.p= 79.1 Hz), 124 .8,
129.3,134.2,1534 (d,J.,=6.5Hz),155.2 (d, J.,=0.9 Hz), 158.2 (d, J.,= 14.5 Hz).

3-Tosyl-2H-chromen-2-one (3h)"
qodes
g
O,
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Isolated in 53% yield as a yellow solid: 'H NMR (CDCl,) 6 2.43 (s, 3 H), 7.34 (d,J = 8.0
Hz,3 H),7.39 (td,J=7.7,10 Hz, 1 H), 7.66-7.71 (m, 2 H), 801 (dd, J=6.5,1.5 Hz, 2
H), 8.78 (s, 1 H); “C NMR (CDCl;) 6 21.7, 117.0, 117.3, 125.3, 128.8, 129.4, 129.6,
130.2, 135.1, 135.3, 1454, 1470, 1549, 155 4.

3-(Phenylsulfonyl)-2H-chromen-2-one (3i)"
QO
s
O,

Isolated in 44% yield as a yellow solid: 'H NMR (CDCl,) & 7.36 (d, J = 8.5 Hz, 1 H),
740 (t,J=80Hz,1H),756(t,J=7.5Hz,2H),7.64-7.68 (m, 1 H),7.71 (t,J = 7.5 Hz,
2 H), 8.14 (d, J = 8.5 Hz, 2 H), 8.81 (s, 1 H); "C NMR (CDCl,) 6 117.0,117.2, 1254,
128.4,129.0,129.4,130.3,134.2,135.2,138.3,147.4,154.8, 155 4.

3-(Pyridin-2-yl)-2H-chromen-2-one (3j)"

Isolated in 95% yield as a brown solid: "H NMR (CDCl;) 8 7.31-7.34 (m, 2 H), 7.40 (d, J
=74 Hz, 1 H), 7.56-7.60 (m, 1 H), 7.66 (dd,J=7.5,15Hz, 1 H), 7.812 (td,J=7.7, 1.5
Hz, 1 H), 8.43 (d,J =8.0 Hz, 1 H), 8.70 (d,J = 5.0 Hz, 1 H), 8.80 (s, 1 H); "C NMR
(CDCly) 6 116.3, 119.5, 1234, 124.0, 124.6, 125.3, 128.8, 132.1, 136.6, 1424, 149.3,
151.2,153.8,160.2.

3-(Pyridin-4-yl)-2H-chromen-2-one (3k)"

Isolated in 70% yield as a yellow solid: '"H NMR (CDCl,) & 7.34 (t,J = 7.5 Hz, 1 H), 7.39
(d,J=9Hz,1H),7.56-7.62 (m,2H),7.66 (dd,J=4.5,1.5,2H),7.96 (s, 1 H),8.70 (d,J
= 4.5 Hz, 2 H); "C NMR (CDCl,) & 116.7, 119.1, 122.7, 1249, 125.6, 128.4, 132.6,
141.5,142.1,150.1,153.9,159.7.

3-(Pyridin-3-yl)-2H-chromen-2-one (31)"

S5



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2011

Isolated in 28% yield as a colorless solid: '"H NMR (CDCl,) 6 7.34 (td,J=7.5,1.5Hz, 1
H), 7.39-7.41 (m, 2 H), 7.57-7.60 (m, 2 H), 7.90 (s, 1 H), 8.14 (dt, J = 8.0, 1.7 Hz, 1 H),
8.65 (s, 1 H), 8.88 (s, 1 H); "C NMR (CDCl,) § 116.7,119.3,123.1, 124.8,125.3, 1282,
132.1,136.2, 140.5, 148.9, 149.9, 153.7, 160.2.

3-Phenyl-2H-chromen-2-one (3m)"

Isolated in 60% yield as a colorless solid: '"H NMR (CDCIl,) 6 7.29-7.32 (m, 1 H), 7.37-
746 (m, 4 H), 7.52-7.56 (m, 2 H), 7.70-7.72 (m, 2 H), 7.82 (s, 1 H); "C NMR (CDCl,) 6
116.5,119.7, 124.5, 1279, 128.4, 128.5, 128.6, 128.9, 129.1, 1314, 134.7, 139.9, 153.5,
160.6.

3-(Naphthalen-2-yl)-2H-chromen-2-one (3n)"

0__0
i I
Isolated in 66% yield as a colorless solid: '"H NMR (CDCl,) 6 7.31 (t,J = 7.5 Hz, 1 H),
739 (d,J=8.0Hz, 1 H),7.50-7.53 (m,2 H), 7.56 (t,J = 8.0 Hz, 2 H), 7.80 (dd, J = 8.5,
2.0 Hz, 1 H), 7.85-7.88 (m, 1 H), 7.90-7.93 (m, 3 H), 8.24 (s, 1 H); “C NMR (CDCl,) 6

116.5, 119.7, 124.5, 1259, 126 4, 126.7, 127.6, 127.9, 128.0, 128.1, 128.2, 128.5, 131 4,
132.1, 133.1, 133.3, 140.1, 153.5, 160.7.

Methyl 4-(2-0x0-2H-chromen-3-yl)benzoate (30)’

! o.__0
T
COzMe

Isolated in 99% yield as a colorless solid: 'H NMR (CDCl,) & 3.94 (s, 3 H), 7.32 (t,J =
75Hz,1H),7.38 (d,/J=8.0Hz,1H),7.56 (t,J=8.0Hz,2H),7.80 (d,J=7.0Hz,2 H),
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7.89 (s, 1 H), 8.11 (d, J = 6.7 Hz, 2 H); "C NMR (CDCl,) & 52.2, 116.5, 1194, 124.7,
127.2,128.1,128.5,129.7, 130.2, 1320, 139.1, 140.8, 153.6, 160.1, 166.6.

3-(4-(Trifluoromethyl)phenyl)-2H-chromen-2-one (3p)

0._0
C
CF5

Isolated in 68% yield as a colorless solid: '"H NMR (CDCl,) 6 7.34 (t,J = 8.0 Hz, 1 H),
7.38(d,J=85Hz,1H),7.57 (td,J =6.7,2.0 Hz,2 H), 7.70 (d, J = 8.0 Hz, 2 H), 7.83 (d,
J=80Hz, 2H),7.88 (s, 1 H); "CNMR (CDCL,) 6 116.6, 119.3, 124.0 (q, Jop=271.6
Hz), 124.7, 1254 (q, Jox= 3.8 Hz), 126.9, 128.2, 128.9, 130.7 (q, Jo.r= 46.9 Hz), 132.1,
138.1, 140.9, 153.7, 160.2; HRMS Calcd for C,;H,F;O,Na: [M+Na]", 313.0447. Found:
m/z 313.0448.

3-(Benzo[d]thiazol-2-yl)-2H-chromen-2-one (3q)"

Isolated in 64% yield as a yellow solid: 'H NMR (CDCl,) & 7.36-7.44 (m, 3 H), 7.53 (t, J
=80Hz,1H),7.63 (t,/J=75Hz,1H),7.72(d,J=75Hz,1H),797 (d,J =8.0 Hz, 1
H), 8.08 (d, J = 8.5 Hz, 1 H), 9.06 (s, 1 H); “C NMR (CDCl,) 6 116.7, 118.9, 120.3,
121.7,1229,125.2,125.4,126.5,129.3,133.2,136.8, 141.4, 152.4, 153.8, 159.76, 159.83.

3-(Pyridin-2-yl)-2H-chromen-2-one (3r)'

Isolated in 40% yield as a colorless solid: 'H NMR (CDCl,) 8 6.04 (s,2 H), 691 (d, J =
8.0 Hz, 1 H), 7.22-740 (m, 4 H), 7.54 (t, J = 7.5 Hz, 2 H), 7.78 (s, 1 H); "“C NMR
(CDCl,) 6 101.3, 108.3, 109.1, 116.4, 119.7, 122.5, 124.5, 127.7, 1279, 128.6, 131.2,
139.0, 147.7,148.2,153.3,160.6.

3-(2-Methoxyphenyl)-2H-chromen-2-one (3s)"’
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lOO
"0
MeO

Isolated in 39% yield as a yellow solid: 'H NMR (CDCl,) 6 3.83 (s,3 H),6.99 (d,J=8.5
Hz,1H),7.03 (t,/=72Hz,1H),7.28 (t,J=7.0Hz, 1 H), 7.36-7.41 (m, 3 H), 7.50-7.54
(m,2 H),7.74 (s, 1 H); "C NMR (CDCl,) 6 55.7,111.3,116.5,119.5,120.6, 124.1, 124 2,
126.6,127.8,130.2, 130.7, 131.1, 141.7, 153.7, 157.2, 160.3.

3-(2-Chlorophenyl)-2H-chromen-2-one (3t)'*
l o.__0O
T
Cl

Isolated in 31% yield as a colorless solid: '"H NMR (CDCl,) 6 7.31-7.43 (m, 5 H), 7.45-
7.51 (m, 1 H), 7.54-7.56 (m,2 H), 7.76 (s, 1 H); "C NMR (CDCl,) 6 116.7,119.0, 124.6,
126.8,127.1,128.1,129.9,130.0, 131.3,131.9, 133.6, 133.7, 142.7, 153.9, 159 8.

3-(Naphthalen-1-yl)-2H-chromen-2-one (3u)"’
o.__0O

Isolated in 30% yield as a colorless solid: '"H NMR (CDCl,) 6 7.34 (t,J = 7.5 Hz, 1 H),
7.44-7.56 (m,6 H),7.59 (t,J=70Hz,1 H),7.79 (d,J=80Hz, 1 H),7.83 (s, 1 H),7.92
(t,J =8.5Hz,2 H); "C NMR (CDCl,) & 116.7,119.3,124.6, 125.1,125.2,126.1, 126.5,
127.6,1279,128.4,128.5,129.4,131.5,131.7,132.6,133.7, 142.8, 154.0, 160.8.

6,7-Dimethyl-3-(pyridin-2-yl)-2H-chromen-2-one (4a)
o__0

Isolated in 99% yield as a colorless solid: '"H NMR (CDCIl,) 8 2.32 (s, 3 H), 2.37 (s, 3 H),
7.15(s, 1 H),7.26-7.28 (m, 1 H),7.35(s,1 H),7.77 (td,J=7.7,15Hz,1 H),839(d,J =
7.5 Hz, 1 H), 8.66-8.67 (m, 2 H); “C NMR (CDCl,) & 19.2,20.5, 116.8, 117.3, 123.1,

S8



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2011

123.9,124.0, 128.7, 133.4, 136.6, 142.5, 142.6, 1492, 151.6, 152.4, 160.7; HRMS Calcd
for C,;H,;NO,Na: [M+Na]*, 274.0839. Found: m/z 274.0844.

5,8-Dimethoxy-3-(pyridin-2-yl)-2H-chromen-2-one (4b)

Isolated in 91% yield as a yellow solid: "H NMR (CDCl;) & 391 (s, 3 H), 3.94 (s, 3 H),
6.63 (d,/J=90Hz,1H),703 (d,J=85Hz,1H),726-729 (m, 1 H),7.76 (td, ] = 7.5,
2.0 Hz, 1 H),8.69 (d,/=4.0 Hz, 1 H), 8.40 (d,J =8.0 Hz, 1 H),9.09 (s, 1 H); "C NMR
(CDCl;) 6 559,56.8,104.0,111.2,114.9,123.2,123.7,124.0, 136.6, 138.0, 140.9, 144.3,
149.3,150.4, 151.6, 159.6; HRMS Calcd for C,(H,;NO,Na: [M+Na]", 306.0737. Found:
m/z 306.0739.

3-(Pyridin-2-yl)-2H-benzo[g]chromen-2-one (4c)

Isolated in 39% yield as a yellow solid: '"H NMR (CDCl;) 6 7.32 (qd,J = 4.5, 1.0 Hz, 1
H),749 td,J=7.0,1.0Hz,1 H),7.58 (td,J=7.5,10 Hz, 1 H),7.74 (s, 1 H), 7.80 (td,J
=8.0,15Hz,1H),788(d,/=85Hz,1H),794 (d,/=80Hz,1H),8.15(s,1 H), 841
(d,J=80Hz,1H),8.71(d,J=42Hz,1H),887 (s, 1 H; "CNMR (CDCl;) 6 112.2,
119.6, 123.5, 124.2, 1258, 125.9, 127.6, 128 .4, 128.6, 1294, 130.3, 134.8, 136.7, 142.3,
1494, 150.2,151.3,160.3; HRMS Calcd for C,(H,, NO,Na: [M+Na]*, 296.0682. Found:
m/z 296.0686.

5-Phenyl-3-(pyridin-2-yl)-2H-chromen-2-one (4d)
0._0O
L
N
S
Isolated in 88% yield as a colorless solid: 'H NMR (CDCl,) 6 7.22-7.27 (m, 1 H), 7.30

(dd,J=75,05Hz,1H),740 (d,J=8.5Hz,1H),7.43-7.55 (m,5 H),7.60 (t,J =7.5 Hz,
1H),7.75 (td,J=7.5,20Hz, 1 H),832(d,/=80Hz,1H),858(dq,/=50,10Hz,1
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H), 8.79 (s, 1 H); “C NMR (CDCl,) & 115.5, 117.5, 123.3, 124.1, 125.9, 128.2, 1287,
129.9, 131.6, 136.5, 138.1, 141.0, 142.5, 149.4, 151.6, 154.5, 160.2; HRMS Calcd for
C,H,;NO,Na: [M+Nal*, 322.0839. Found: m/z 322.0843.
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