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(A) Typical experimental procedure
Substrates 1 were prepared according to the known procedure. '
(@) Typical Procedure for the Palladium-Catalyzed Annulations of

2-(2-1odophenoxy)-1-substitutedethanones (1) with Arynes (2):

0 S Pd(OAc),
S Og)kR s [ PPhg, CSF
= )
Rl// | RZ/ oT1f  CHsCN/PhMe, 45°C
1 2

To a Schlenk tube were adde 2-(2-iodophenoxy)-1-substitutedethanones 1 (0.2
mmol), 2-(trimethylsilyl) aryltriflate 2 (0.3 mmol), Pd(OAc), (2.4 mg, 10 mol %),
triphenylphosphine (10.5 mg, 20 mol %), CsF (121 mg, 0.8 mmol), dry MeCN (1 mL)
and dry toluene (1 mL). Then the tube was charged with N, and was stirred at 45 °C
(oil bath temperature) for the indicated time (about 30 h) until complete consumption
of starting material as monitored by TLC and GC-MS analysis. After the reaction was
finished, the reaction mixture was cooled to room temperature, diluted in diethyl ether,
and filtered with a short column on silica gel. The solution was concentrated in vacuo,
and the resulting residue was purified by silica gel column chromatography

(hexane/ethyl acetate) to afford the desired product.

(B) Analytical data for 3-16
O

e

(6H-Benzo[c]chromen-6-yl)(phenyl)methanone (3):
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Colorless oil; 'H NMR (500 Hz, CDCl,) o: 8.05 (d, J = 7.5 Hz, 2H), 7.78-7.73 (m,
2H), 7.57 (t, J = 7.5 Hz, 1H), 7.46-7.40 (m, 3H), 7.25 (t, J = 8.0 Hz, 1H), 7.19-7.16
(m, 1H), 7.09-7.03 (m, 2H), 6.91 (d, J = 7.5 Hz, 1H), 6.30 (s, 1H); ?CNMR (500 Hz,
CDCl3) &: 196.3, 152.7, 135.0, 133.5, 129.7, 129.6, 129.3, 129.1, 128.5, 127.8, 126.0,
123.2, 122.6, 122.4, 122.1, 117.5, 79.8; IR (KBr): 1691 cm™; LRMS (EI 70 ev) m/z
(%): 286 (M", 1), 253 (1), 181 (100); HRMS (EI) for C50H 40, (M"): calcd 286.0994,

found 286.0990.

(0]
and

(9-Methyl-6H-benzo[c]chromen-6-yl)(phenyl)methanone 4) and

(8-methyl-6H-benzo[c]chromen-6-yl)(phenyl)methanone (4°):

4:4> = 1.2: 1; Light yellow oil; 'H NMR (500 Hz, CDCls) &: 8.06-8.03 (m, 2.07H),
7.75-7.71 (m, 1.1H), 7.69 (d, J = 7.5 Hz, 0.58H), 7.59-7.55 (m, 1.59H), 7.46-7.43 (m,
2.12H), 7.23 (d, J = 8.0 Hz, 0.64H), 7.18-7.13 (m, 1.17H), 7.07-7.02 (m, 1.59H), 6.97
(d, J = 7.5 Hz, 0.53H), 6.91 (m, 1.59H), 6.27 (s, 0.47H), 6.24 (s, 0.53H), 2.40 (s,
1.42H), 2.31 (s, 1.58H); *C NMR (500 Hz, CDCls) &: 196.5, 196.4, 152.8, 152.3,
138.9, 137.8, 135.1, 135.0, 133.4 (2C), 129.9, 129.7, 129.5, 129.5, 129.4, 129.3, 129.2,
128.6, 128.5, 126.8, 126.5, 125.9, 123.2, 123.1, 123.0, 122.5 (2C), 122.4, 122.3, 122.2,
117.5, 117.4, 80.0, 79.8, 21.5, 21.3; IR (KBr): 1724 cm'l; LRMS (EI 70 ev) m/z
(%):300 (M", 1), 207 (0.2), 195 (100); HRMS (EI) for C;;H;60, (M"): caled 300.1150,
found 300.1152.
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(0]
I
Bu Bu and

(7,9-Di-tert-butyl-6H-benzo[c]chromen-6-yl)(phenyl)methanone (5) and

tBu

(8,10-Di-tert-butyl-6H-benzo[c]chromen-6-yl)(phenyl)methanone (5°):

5:5” = 1.1:1; Light yellow solid, mp 127.8-129.0 °C (uncorrected); 'H NMR (500 Hz,
CDCLs) &: 8.14 (d, J = 8.0 Hz, 1.2H), 8.00 (d, J = 8.0 Hz, 1H), 7.77-7.76 (m, 0.6H),
7.69 (d, J = 1.5 Hz, 1H), 7.66 (m, 0.55H), 7.59 (m, 1.2H), 7.51 (d, J = 1.0 Hz, 1H),
7.49 (t, J = 7.5 Hz, 1.2H), 7.45 (t, J = 7.5 Hz, 1.1H), 7.06 (s, 0.5H), 7.03-6.95 (m,
2.7H), 6.78-6.77 (m, 0.5H), 6.66-6.64 (m, 0.6H), 6.02 (s, 0.5H), 1.47 (s, 4.2H), 1.41
(d, J = 2.0 Hz, 9.7H), 1.28 (s, 4.2H); *C NMR (500 Hz, CDCls) &: 197.2, 196.2,
153.7,151.2, 151.0, 148.9, 148.1, 146.4, 136.6, 135.6, 135.6, 133.2 (2C), 131.1, 131.0,
129.2,129.1, 128.7, 128.5, 128.3, 128.0, 127.7, 127.2 (2C), 125.4, 124.9, 123.6, 123.2,
122.7,121.4, 120.4, 118.2, 117.6, 116.8, 82.4, 76.1, 37.0, 35.5, 35.0, 34.6, 33.5, 32.1,
31.4,31.3; IR (KBr): 1687 cm™; LRMS (EI 70 ev) m/z (%): 398 (M", 0.2), 309 (0.5),

293 (100); HRMS (EI) for CogH300, (M"): caled 398.2245, found 398.2240.

(6H-Benzo[c]chromen-6-yl)(naphthalen-1-yl)methanone (6):
White solid, mp 144.5-145.8 °C (uncorrected); 'H NMR (500 Hz, CDCls) &: 8.67 (s,
1H), 8.50 (d, J = 8.0 Hz, 1H), 7.95 (d, J = 8.5 Hz, 1H), 7.87-7.84 (m, 2H), 7.80-7.75
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(m, 2H), 7.61 (t, J = 8.0 Hz, 1H), 7.55 (t, J = 7.5 Hz, 1H), 7.43 (t, J = 8.0 Hz, 1H),
7.24 (d, J = 7.5 Hz, 1H), 7.16-7.11 (m, 2H), 7.06 (t, J = 7.5 Hz, 1H), 6.91 (d, J = 8.0
Hz, 1H), 6.44 (s, 1H); *C NMR (500 Hz, CDCl3) &: 196.2, 152.7, 135.7, 132.4, 132.3,
131.6, 129.8, 129.7, 129.5, 129.1, 128.8, 128.4, 127.8, 127.8, 126.8, 126.1, 124.9,
123.3, 122.6, 122.4, 122.2, 117.5, 79.8; IR (KBr): 1683 cm™'; LRMS (EI 70 ev) m/z
(%): 336 (M+, 5), 307 (2), 181 (100); HRMS (EI) for Ca4H;40, (M"): caled 336.1150,

found 336.1145.

O

LT

J
(6H-Benzo[c]chromen-6-yl)(p-tolyl)methanone (7):
White solid, mp 103.6-104.8 °C (uncorrected); 'H NMR (500 Hz, CDCls) &: 7.97 (d, J
= 8.5 Hz, 2H), 7.77-7.73 (m, 2H), 7.41 (t, J = 7.5 Hz, 1H), 7.24 (d, J = 7.5 Hz, 3H),
7.20-7.16 (m, 1H), 7.07-7.02 (m, 2H), 6.92 (d, J = 8.0 Hz, 1H), 6.28 (s, 1H), 2.40 (s,
3H); "CNMR (500 Hz, CDCls) &: 195.7, 152.8, 144.4, 132.4, 129.7, 129.6 (2C),
129.5, 129.2, 129.0, 127.8, 125.9, 123.2, 122.5, 122.4, 122.2, 117.5, 79.7, 21.8; IR
(KBr): 1683 cm™; LRMS (EI 70 ev) m/z (%): 300 (M, 1.4), 207 (2), 181 (100);

HRMS (EI) for C;1H60; (M+): calcd 300.1150, found 300.1146.

0
e
O OMe

(6H-Benzo[c]chromen-6-yl)(4-methoxyphenyl)methanone (8):

Light yellow solid, mp116.7-118.0 °C; 'H NMR (500 Hz, CDCl;) &: 8.09-8.07 (m,
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2H), 7.79-7.74 (m, 2H), 7.42 (t, J = 7.5 Hz, 1H), 7.27-7.23 (m, 1H), 7.21-7.18 (m,
1H), 7.08-7.04 (m, 2H), 6.99-6.92 (m, 3H), 6.25 (s, 1H), 3.86 (s, 3H); *°C NMR (500
Hz, CDCls) &: 194.5, 163.8, 152.7, 132.0, 129.7, 129.6, 129.5, 129.0, 127.7, 125.8,
123.2, 122.5, 122.3, 122.2, 117.4, 113.7, 79.8, 55.4; IR (KBr): 1597 cm™; LRMS (EI
70 ev) m/z (%): 316 (M", 2), 207 (2), 181 (100); HRMS (EI) for C;H;603 (M"): caled

316.1099, found 316.1097.

0
o)

C 5 (L,

(6H-Benzo[c]chromen-6-yl)(4-fluorophenyl)methanone (9):

Yellow solid, mp 85.5-86.8 °C (uncorrected); 'H NMR (500 Hz, CDCl5) &: 8.12-8.09
(m, 2H), 7.79 (d, J = 7.5 Hz, 1H), 7.75 (d, J = 7.5 Hz, 1H), 7.44 (t, J = 7.5 Hz, 1H),
7.20 (t, J = 7.5 Hz, 1H), 7.13-7.04 (m, 4H), 6.90 (d, J = 8.0 Hz, 1H), 6.22 (s, 1H);
*CNMR (500 Hz, CDCl3) &: 194.8, 165.8 (d, J = 254.5 Hz, 1C), 152.4, 132.4, 132.3,
131.2, 131.2, 129.6, 129.4, 129.2, 129.1, 127.8, 125.9, 123.2, 122.7, 122.4, 122.1,
117.4, 115.6 (d, J = 21.6 Hz, 1C), 80.0; IR (KBr): 1679 cm™; LRMS (EI 70 ev) m/z
(%): 304 (M, 0.3), 275 (0.2), 181 (100); HRMS (EI) for CyH3FO, (M"): caled

304.0899, found 304.0895.

O
COXC
cha

(6H-Benzo[c]chromen-6-yl)(4-chlorophenyl)methanone (10):

White solid, mp 113.4-114.7 °C (uncorrected); 'H NMR (500 Hz, CDCls) &: 8.01 (d, J
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= 8.0 Hz, 2H), 7.79 (d. J = 7.5 Hz, 1H), 7.75 (d, J = 7.5 Hz, 1H), 7.45-7.40 (m, 3H),
7.29 (t, J = 8.0 Hz, 1H), 7.20 (t, J = 7.5 Hz, 1H), 7.08 (t, J = 7.5 Hz, 2H), 6.90 (d, J =
8.0 Hz, 1H), 6.22 (s, 1H); "CNMR (500 Hz, CDCls) &: 195.3, 152.3, 139.9, 133.1,
131.0, 129.7, 129.4, 129.2, 129.0, 128.8, 127.8, 125.9, 123.3, 122.7, 122.5, 122.1,
117.4, 80.0; IR (KBr): 1683 cm™; LRMS (EI 70 ev) m/z (%): 320 (M", 1), 207 (2),

181 (100); HRMS (EI) for C50H;3C10, (M"): caled 320.0604, found 320.0600.

(6H-benzo[c]chromen-6-yl)(3,4-dichlorophenyl)methanone(11):

Light yellow solid, mp 129.0-130.5 °C; 'H NMR (500 Hz, CDCl3) o: 8.16 (d, J = 8.0
Hz, 1H), 7.90-7.88 (m, 1H), 7.80 (d, J = 7.5 Hz, 1H), 7.75-7.74 (m, 1H), 7.52 (d, J =
8.5 Hz, 1H), 7.46-7.43 (m, 1H), 7.31-7.28 (m, 1H), 7.21-7.17 (m, 1H), 7.08 (t, J = 7.5
Hz, 2H), 6.89 (d, J = 8.0 Hz, 1H), 6.18 (s, 1H); *CNMR (500 Hz, CDCl5) &: 194.5,
152.1, 138.0, 134.4, 133.2, 131.4, 130.5, 129.7, 129.4, 128.7, 128.6, 127.9, 125.9,
123.3, 122.9, 122.5, 122.1, 117.4, 80.1; IR (KBr): 1691 cm™'; LRMS (EI 70 ev) m/z
(%): 354 (M", 0.2), 207 (0.4), 181 (100); HRMS (EI) for CH,C,0, (M"): caled

354.0214, found 354.0209.

@]
¢

(2-Methyl-6H-benzo[c]chromen-6-yl)(phenyl)methanone (12):

Light yellow oil; 'H NMR (500 Hz, CDCls) &: 8.06 (m, 2H), 7.75 (d, J= 7.5 Hz, 1H),
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7.63 (d, J = 8.0 Hz, 1H), 7.57 (t, J = 7.5 Hz, 1H), 7.46 (t, J = 7.5 Hz, 2H), 7.40-7.37
(m, 1H), 7.23-7.20 (m, 1H), 7.06 (d, J = 7.5 Hz, 1H), 6.87-6.86 (m, 1H), 6.74 (s, 1H),
6.28 (s, 1H), 2.28 (s, 3H); *C NMR (500 Hz, CDCl3) &: 196.2, 152.6, 140.1, 134.9,
133.4, 129.7, 129.5, 129.0, 128.8, 128.4, 127.3, 125.9, 123.4, 122.9, 122.0, 119.2,
117.8,79.8, 21.3; IR (KBr): 1728 cm™; LRMS (EI 70 ev) m/z (%): 300 (M", 1.3), 207

(2.2), 195 (100); HRMS (EI) for C51H 60, (M"): caled 300.1150, found 300.1144.

0
0

Nowgs

(2-Chloro-6H-benzo[c]chromen-6-yl)(phenyl)methanone (13):

Light yellow solid, mp 126.7-128.1 °C (uncorrected), 'H NMR (500 Hz, CDCls) &:
8.03 (d, J = 7.5 Hz, 2H), 7.72-7.69 (m, 2H), 7.60 (t, J = 7.5 Hz, 1H), 7.47-7.40 (m,
3H), 7.30 (t, J = 7.5 Hz, 1H), 7.13-7.09 (m, 2H), 6.87 (d, J = 8.5 Hz, 1H), 6.33 (s, 1H);
BC NMR (500 Hz, CDCl;) &: 195.8, 151.2, 134.8, 133.6, 129.4, 129.3, 129.3, 129.1,
128.5, 128.4, 127.6, 126.2, 123.5, 123.1, 122.5, 118.8, 79.5, IR (KBr): 1666 em’;
LRMS (EI 70 ev) m/z (%): 320 (M, 15), 218 (5), 215 (100); HRMS (EI) for

C0H13C10, (M): caled 320.0604, found 320.0602.

Cl 0
¢
aae
(2,4-Dichloro-6H-benzo[c]chromen-6-yl)(phenyl)methanone (14):
White solid, mp 131.5-130.0 °C; 'H NMR (500 Hz, CDCl,) o: 8.06 (d, J = 7.5 Hz,

2H), 7.69 (d, J = 8.0 Hz, 1H), 7.61-7.58 (m, 2H), 7.49 (t, J = 8.0 Hz, 2H), 7.43-7.40
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(m, 1H), 7.32-7.29 (m, 1H), 7.24-7.23 (m, 1H), 7.15 (d, J = 8.0, 1H), 6.49 (s, 1H); °C
NMR (500 Hz, CDCls) &: 195.2, 147.5, 134.3, 133.7, 129.4 (2C), 128.9, 128.7, 128.6,
127.9, 127.2, 126.6, 124.5, 123.4, 122.8, 121.6, 79.2; IR (KBr): 1695 cm™; LRMS (EI
70 ev) m/z (%): 354 (M", 2), 325 (0.2), 249 (100); HRMS (EI) for C50H,C1,0, (M"):

calcd 354.0214, found 354.0211.

O
0]
LJOGC
(2-Nitro-6H-benzo[c]chromen-6-yl)(phenyl)methanone (15):
Light yellow oil; 'H NMR (500 Hz, CDCl5) o: 8.66 (d, J=8.0 Hz, 1H), 8.12-8.10 (m,
1H), 8.00 (d, J = 8.0 Hz, 2H), 7.85 (d, J = 8.0 Hz, 1H), 7.64 (t, J = 7.5 Hz, 1H),
7.51-7.45 (m, 3H), 7.35-7.30 (m, 1H), 7.16 (d, J = 7.5 Hz, 1H), 7.05 (d, J = 8.5 Hz,
1H), 6.59 (s, 1H); *C NMR (500 Hz, CDCls) &: 194.7, 158.2, 142.9, 134.3, 134.0,
129.7, 129.3, 129.2, 128.8, 128.2, 127.4, 126.4, 125.3, 122.9, 122.1, 119.2, 117.9,
79.2; IR (KBr): 1687 cm™; LRMS (EI 70 ev) m/z (%): 331 (M™, 1), 242 (3), 226 (100);
HRMS (EI) for Cy0H3NO4 (M+): calcd 331.0844, found 331.0842.
O O
U

1-(6H-Benzo[c]chromen-6-yl)ethanone (16):

O

Colorless oil; 'H NMR (500 Hz, CDCls) &: 7.73 (m, 2H), 7.42 (t, J = 7.5 Hz, 1H),
7.33-7.28 (m, 2H), 7.27 (t, J = 8.0 Hz, 1H), 7.08-7.04 (m, 2H), 5.51 (s, 1H), 2.24 (s,

3H); C NMR (500 Hz, CDCl;) &: 206.4, 152.6, 129.9, 129.1, 128.8, 128.3, 127.9,
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126.4, 123.2, 122.4, 122.1, 121.3, 117.4, 82.6, 26.8; IR (KBr): 1728 cm™; LRMS (EI
70 ev) m/z (%): 224 (M", 0.3), 207 (1), 181 (100); HRMS (EI) for C;sH;,0, (M"):

calcd 224.0837, found 224.0832.

(C) References

(1) Jacob, G. A.; Schroeder, D. Synlett 2005, 16, 2504.
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(D) Spectra

(6H-benzo[c]chromen-6-yl)(phenyl)methanone (3)
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(6H-benzo[c]chromen-6-yl)(phenyl)methanone (3)
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and

(4)

(9-methyl-6H-benzo[c]chromen-6-yl)(phenyl)methanone
(8-methyl-6H-benzo[c]chromen-6-yl)(phenyl)methanone (4°)
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(9-methyl-6H-benzo[c]chromen-6-yl)(phenyl)methanone (4) and

K

(8-methyl-6H-benzo[c]chromen-6-yl)(phenyl)methanone (4°)
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Supplementary Material (ESI) for Chemical Communications
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(8,10-di-tert-butyl-6H-benzo[c]chromen-6-yl)(phenyl)methanone (5)
and (7,9-di-tert-butyl-6H-benzo[c]chromen-6-yl)(phenyl)methanone (5°)
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yD)(phenyl)methanone (5)

(8,10-di-tert-butyl-6H-benzo[c]chromen-6-

and (7,9-di-tert-butyl-6H-benzo[c]chromen-6-yl)(phenyl)methanone (5°)

00l
I

114 3
i

ovL
I

09t
|

08i
1

002
1

08T oa
o 29
ZH 00°1T a1
0 gss wdd g oz ov
HE Mam ] L I
ZHR SE6LLGL GHT as .
29128 IS y i |1
ZHR SO00ZET 005 2048
M TEVPISEE"D METTd 5_
M ZELLZLZE"C MZTTd
M EVZBS506°6 Mnz1d
4P 047971 €114
3P 58°971 114
8P 00°'Z z14d
oasn 9008 zadod
HT Zann ]
ATZITEM [Aa): - (ef-to)
s=====~= 2J TANHVHD =s===me= _
ZHW E¥9E0LL°S2ZT 1045
M OFITLGLY TF MT1d
gp 08¢ 114
oasn G- L[ 14
OET 120K
wm=== TF TANNWHD ========
T

225 000000EQ°D
=25 00000000 €
d 810
D280 0579
2850 008 9T
0502
228 BpSOT0T"T
ZH TELFSE-0
ZH P0G TOLEE
L4
(A
£1202
SES59
ogbdbz
-89 OHEWYd ue g
1oads
05871
s1806002
E

105T80600xT
z-Lat-o

T

1
i

_____

S16
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(6H-benzo[c]chromen-6-yl)(naphthalen-1-yl)methanone (6)

— IS un%u .
00T d
0 0]
ZH 0E°0 a7
0 55
WA MM
ZHW FFIOOCL 00S as
B9LTE 1s
ZHW SHE0EET 00 1045
M EBZESS06°6 HITd
HP 0072 114
Dasn OpCFT T4
H1 100K
m====—ee TJ THNNYHD ==ss====
1 0aL
298 000000007 T 10
G 00E L
DBE0 049 ola]
EELLITERE:1) #a
181 94
35 £ZRE6LLTE oY
ZH ZEILST O Elct g &
ZH BLGOEEOT HMS
Z =
a1 SH
[ gelsle] LNEATCS
9ESS9 al
ogbz 208d1na
-gd oAgYa ww §  JHE0Y4
1oads FOILSNI
o0otot _SuTh
£TBOE00Z aneg
1 ONIOHd
6 ONdXE
61806008537 TN

go-Lat-t

=<

FIMNAEEA:

A > V — 3 © R . : ) SRRSO WO

S17
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(6H-benzo[c]chromen-6-yl)(naphthalen-1-yl)methanone (6)
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(6H-benzo[c]chromen-6-yl)(p-tolyl)methanone (7)
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(6H-benzo[c]chromen-6-yl)(p-tolyl)methanone (7)
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(6H-benzo[c]chromen-6-yl)(4-methoxyphenyl)methanone (8)
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(6H-benzo[c]chromen-6-yl)(4-methoxyphenyl)methanone (8)
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(6H-benzo[c]chromen-6-yl)(4-fluorophenyl)methanone (9)
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(6H-benzo[c]chromen-6-yl)(4-fluorophenyl)methanone (9)
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(6H-benzo[c]chromen-6-yl)(4-chlorophenyl)methanone (10)
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(6H-benzo[c]chromen-6-yl)(4-chlorophenyl)methanone (10)
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(6H-benzo[c]chromen-6-yl)(3,4-dichlorophenyl)methanone (11)
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(6H-benzo[c]chromen-6-yl)(3,4-dichlorophenyl)methanone (11)
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(2-methyl-6H-benzo[c]chromen-6-yl)(phenyl)methanone (12)
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(2-methyl-6H-benzo[c]chromen-6-yl)(phenyl)methanone (12)
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(2-chloro-6H-benzo[c]chromen-6-yl)(phenyl)methanone (13)
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(2-chloro-6H-benzo[c]chromen-6-yl)(phenyl)methanone (13)
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(2,4-dichloro-6H-benzo[c]chromen-6-yl)(phenyl)methanone (14)
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(2,4-dichloro-6H-benzo[c]chromen-6-yl)(phenyl)methanone (14)
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tro-6H-benzo[c]chromen-6-yl)(phenyl)methanone (15)
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1-(6H-benzo[c]chromen-6-yl)ethanone (16)
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1-(6H-benzo[c]chromen-6-yl)ethanone (16)
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