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General procedures. All 'H and "°C spectra were recorded at 300 and 75.5 MHz
or 400 and 100 MHz respectively. Thin-layer chromatography was performed using
commercially prepared 60-mesh silica gel plates (Whatman K6F), and visualization was
effected with short wavelength UV light (254 nm) and a basic KMnO, solution [3 g of
KMnO, + 20 g of K,CO; + 5 mL of NaOH (5 %) + 300 mL of H,O]. All melting points
are uncorrected. High resolution mass spectra were recorded on a Kratos MS50TC
double focusing magnetic sector mass spectrometer using EI at 70 eV.

Reagents. All reagents were used directly as obtained commercially unless
otherwise noted. Anhydrous forms of THF, DME, DMF, diethyl ether, ethyl acetate and
hexanes were purchased from Fisher Scientific Co. Tetra-n-butylammonium chloride
(TBAC) was purchased from Lancaster Synthesis, Inc. 1-Bromo-2-iodobenzene,
diphenylacetylene and ethyl acrylate were purchased from Aldrich Chemical Co., Inc.
Cesium pivalate was prepared according to the procedure of Larock and Campo.'
Compounds 1a, 1b, and 9 have been previously reported.'

Synthesis of the Biaryls.

2-lIodo-4-methylbiphenyl (4a). This compound was prepared by the procedure
of Hellwinkel:* 'H NMR (CDCl,) § 2.35 (s, 3H), 7.18-7.19 (m, 2H), 7.30-7.41 (m, 5H),
7.79-7.80 (m, 1H); "C NMR (CDCl,) § 20.7, 98.7, 127.7, 128.1, 129.2, 129.6, 129.9,
139.1, 140.2, 144.0, 144.3; IR (CH,Cl,) 3024, 2920, 1603, 1473 cm’'; HRMS m/z
293.9910 (calcd for C,3H, 1, 293.9906).

2-lodo-4-methoxybiphenyl (4b). This compound was prepared by the
Sandmeyer reaction of diazotized 4-methoxy-2-phenylaniline: '"H NMR (CDCl,) 8 3.60-
3.79 (bs, 2H), 3.79 (s, 3H), 6.32 (d, / = 2.4 Hz, 1H), 6.41 (dd, /= 8.4, 2.4 Hz, 1H), 7.05
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(d, J = 8.8 Hz, 1H), 7.29-7.33 (m, 1H), 7.39-7.42 (m, 4H); "C NMR (CDCl,) § 55.3,
101.2,104.4, 120.9, 126.9, 128.8, 129.3, 131.4, 139.4, 144.6, 160.1. To a solution of 4-
methoxy-2-phenylaniline (0.66 g, 3.3 mmol) in a mixture of H,O (9 ml), H,SO, (0.8 ml),
and DME (20 ml) at 0 °C was added slowly with stirring NaNO, (0.33 g, 4.8 mmol) and
the resulting solution stirred for an additional 30 min at 0 °C. The resulting mixture was
added slowly to a solution of Nal (3 g, 20 mmol) in H,O (7 ml) and the mixture was
stirred vigorously for an additional 15 min. Excess I, was destroyed by adding 10% aq
Na,S,0; (20 mL) and the reaction mixture was subsequently extracted with 100 ml of
Et,0. The organic layer was dried (Na,SO,) and the solvent evaporated under reduced
pressure. The residue was purified by column chromatography using 20:1 hexanes/ethyl
acetate to afford 0.635 g (62 %) of the desired compound 4b as a yellow solid, which was
recrystallized from methanol : mp 83-84 °C; 'H NMR (CDCl,) & 3.83 (s, 3 H), 6.94 (dd,
J=8.4,24Hz, 1H), 7.20 (d, J = 8.4 Hz, 1H), 7.31-7.33 (m, 2H), 7.36-7.41 (m, 3 H),
7.48 (d, J = 2.4 Hz, 1H); "C NMR (CDCL,) § 55.6, 98.5, 114.3, 124.5, 127.4, 127.9,
129.6, 130.3, 139.2, 143.9, 158.9; IR (CH,Cl,) 3051, 2966, 1554, 1592, 1475 cm';
HRMS m/z 309.9859 (calcd for C;H,,1I0, 309.9855).

2-Iodo-3-phenylbenzofuran (5). This iodobiaryl was prepared from 2-
(triisopropylsilyl)-3-phenylbenzofuran (13)* using an iodination procedure from the
literature.” To a solution of 13 (0.329 g, 0.938 mmol) in CH,Cl, (2 mL) was added ICI
(0.162 g, 1.0 mmol) in CH,Cl, (3 mL) at -78 °C. The reaction mixture was stirred at -78
°C for 30 min, then the excess ICI was destroyed by adding 10% aq Na,S,0; (10 mL) and
diluted with 50 ml of Et,O. The organic layer was dried (MgSO,), filtered, and the
solvent removed under reduced pressure. The remaining oil was purified by column
chromatography using 30:1 hexanes/ethyl acetate to afford 0.267 g (89%) of the desired
compound 6 as a colorless oil: '"H NMR (CDCL,) § 7.19-7.28 (m, 2 H), 7.38-7.43 (m, 1
H), 7.46-7.61 (m, 6 H); "C NMR (CDCl,) § 97.2, 111.2, 119.4, 123.4, 124.7, 128.0,
128.1,128.9, 128.9, 129.2, 131.7, 158.4; IR (CH,Cl,) 3062, 3030, 1444, 1335, 1090 cm™;
HRMS m/z 319.9702 (calcd for C,,H,10, 319.9698).

3-(2-Iodophenyl)benzofuran (7). This starting material was prepared by the
procedure of Jgrgensen et al’ from 1-(2-iodophenyl)-2-phenoxyethanone (14):” 'H NMR
(CDCl,) 6 5.10 (s, 1H), 6 6.91 (dd, J = 7.5, 1.2 Hz, 2H), 6.98 (tt, J = 7.4, 1.0 Hz, 1H),
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7.14-7.18 (m, 1H), 7.25-7.30 (m, 2H), 7.40-7.44 (m, 2H), 7.92 (d, J = 8.2 Hz, 1H); °C
NMR (CDCly) 6 71.6,91.7, 114.9, 121.9, 128.1, 128.7, 129.7, 132.4, 140.8, 141.5, 157.7,
199.9. To a solution of 14 (0.2 g, 0.59 mmol) in CH,Cl, (8 mL) was added
methanesulfonic acid (0.39 mL, ~ 6 mmol). The resulting solution was stirred at 55 °C
for 40 h. The reaction mixture was diluted with diethyl ether (30 mL) and washed with
brine (30 mL). The organic layer was dried (MgSO,), filtered, and the solvent removed
under reduced pressure. The residue was purified by column chromatography using 18:1
hexanes/ethyl acetate to afford 0.122 g (64 %) of the desired compound 7 as a clear oil:
'HNMR (CDCl,) 8 7.05-7.09 (m, 1H), 7.25 (td, J = 7.4, 1.2 Hz, 1H), 7.33 (td, J = 7.6,
1.2 Hz, 1H), 7.39-7.41 (m, 2H), 7.46 (d, J =7.4 Hz, 1H), 7.55 (d, J/ = 8.4 Hz, 1H), 7.76
(s, 1H), 8.00 (d, J = 8.0 Hz, 1H); "C NMR (CDCl,) § 99.8, 111.8, 121.0, 122.9, 124.2,
124.7,127.1, 128.3, 129.5, 131.2, 136.8, 140.0, 143.0, 155.0; IR (CH,Cl,) 3049, 3068
cm’'; HRMS m/z 319.9702 (caled for C,,H,I0, 319.9698).
Heck reactions.

The following two procedures are representative of the palladium-catalyzed Heck
reactions with ethyl acrylate.
Migration reaction conditions: The appropriate aryl iodide (0.25 mmol), Pd(OAc), (2.8
mg, 0.0125 mmol), 1,1-bis(diphenylphosphino)methane (dppm) (4.8 mg, 0.0125 mmol),
CsO,CCMe; (CsPiv) (0.117 g, 0.5 mmol) and ethyl acrylate (0.025 g, 0.25 mmol) in
DMF (4 ml) under Ar at 100 °C were stirred for the specified length of time. The
reaction mixture was then cooled to room temperature, diluted with diethyl ether (35 mL)
and washed with brine (30 mL). The aqueous layer was reextracted with diethyl ether
(15 mL). The organic layers were combined, dried (MgSO,), filtered, and the solvent
removed under reduced pressure. The residue was purified by column chromatography
on a silica gel column.
Jeffrey's reaction conditions:* The appropriate aryl iodide (0.25 mmol), Pd(OAc), (2.8
mg, 0.0125mmol), n-Bu,NCl (0.0694 g, 0.25 mmol), NaHCO;, (0.042 g, 0.5 mmol) and
ethyl acrylate (0.10 g, 1.0 mmol) in DMF (1 ml) under Ar at 100 °C were stirred for the
specified length of time. The reaction mixture was then cooled to room temperature,
diluted with diethyl ether (35 mL) and washed with brine (30 mL). The aqueous layer

was reextracted with diethyl ether (15 mL). The organic layers were combined, dried
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(MgSO0,), filtered, and the solvent removed under reduced pressure. The residue was
purified by column chromatography on a silica gel column.

Ethyl E-3-(4'-methylbiphen-2-yl)acrylate (2a). 2-lodo-4’-methylbiphenyl (1a)
(73.5 mg, 0.25 mmol) was allowed to react with ethyl acrylate under Jeffrey's reaction
conditions for 1 day. The reaction mixture was chromatographed using 7:1 hexanes/ethyl
acetate to afford 66.6 mg (100 %) of the indicated compound as a clear oil: 'H NMR
(CDCl,) 6 1.28 (t, J =7.2 Hz, 3H), 2.41 (s, 3H), 4.21 (q, J = 7.2 Hz, 2H), 6.39 (d, J = 16
Hz, 1H), 7.18-7.26 (m, 4H), 7.34-7.42 (m, 3H), 7.67-7.70 (m, 1H), 7.75 (d, J/ = 16 Hz,
1H); "C NMR (CDCl,) & 14.4, 21.2, 60.4, 119.0, 126.8, 127.5, 129.1, 129.8, 129.9,
130.6, 132.7, 137.0, 137.4, 143.0, 144.0, 167.0; IR (CH,Cl,) 3024, 2977, 1712, 1631 cm’
' HRMS m/z 266.1312 (calcd for C,H,;0,, 266.1307).

Ethyl E-3-(4-methylbiphen-2-yl)acrylate (3a). Compound 4a (73.5 mg, 0.25
mmol) was allowed to react with ethyl acrylate under Jeffrey's reaction conditions for 1
day. The reaction mixture was chromatographed using 7:1 hexanes/ethyl acetate to
afford 61.9 mg (93 %) of the indicated compound as a clear oil: 'H NMR (CDCl,) & 1.28
(t, J=7.2 Hz, 3H), 2.42 (s, 3H), 4.20 (q, / = 7.2 Hz, 2H), 6.39 (d, J = 16.0 Hz, 1H), 7.25-
7.31 (m, 4H), 7.36-7.44 (m, 3H), 7.51-7.51 (m, 1H), 7.72 (d, J = 16.0 Hz, 1H); "C NMR
(CDCly) 6 14.3,21.2,60.4, 119.0, 127.3, 127.4, 128.3, 130.0, 130.5, 130.8, 132.5, 137 4,
139.9, 140.3, 143.9, 167.0; IR (CH,Cl,) 3026, 2980, 1633, 1711 cm™'; HRMS m/z
266.1312 (calcd for CiH,;0,, 266.1307).

Ethyl E-3-(4'-methylbiphen-2-yl)acrylate (2a) and ethyl E-3-(4-
methylbiphen-2-yl)acrylate (3a). Compound 1a (73.5 mg, 0.25 mmol) was allowed to
react with ethyl acrylate under our standard migration reaction conditions for 1 d. The
reaction mixture was chromatographed using 7:1 hexanes/ethyl acetate to afford 58.6 mg
(88 %) of the indicated compounds as a clear oil in a 50 : 50 ratio. Similarly, compound
4a (73.5 mg, 0.25 mmol) was allowed to react with ethyl acrylate under our standard
migration reaction conditions for 1 d. The reaction mixture was chromatographed using
7:1 hexanes/ethyl acetate to afford 57.3 mg (86 %) of the indicated compounds as a clear
oil in a 49 : 51 ratio.

Ethyl E-3-(4'-methoxybiphen-2-yl)acrylate (2b). 2-Iodo-4’-methoxybiphenyl
(1b)' (77.5 mg, 0.25 mmol) was allowed to react with ethyl acrylate under Jeffrey's
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reaction conditions for 1 day. The reaction mixture was chromatographed using 5:1
hexanes/ethyl acetate to afford 70.6 mg (100 %) of the indicated compound as a white
solid: mp 67-68 °C; 'H NMR (CDCl,) 8 1.29 (t, J = 7.2 Hz, 3H), 3.86 (s, 3H), 4.21 (q, J
=7.2 Hz, 2H), 6.40 (d, J = 16.0 Hz, 1H), 6.96-6.98 (m, 2H), 7.23-7.25 (m, 2H), 7.34-7.36
(m, 2H), 7.34-7.41 (m, 1H), 7.67-7.69 (m, 1H), 7.75 (d, J = 16.0 Hz, 1H); "C NMR
(CDCl,) 6 14.4,55.4,60.4, 113.8, 119.0, 126.9, 127.3, 129.9, 130.6, 131.0, 132.3, 132.7,
142.6, 144.1, 159.2, 167.0; IR (CH,CIl,) 3060, 2979, 1710, 1631, 1516 cm™'; HRMS m/z
282.1259 (calcd for C,{H,;0;, 282.1256).

Ethyl E-3-(4-methoxybiphen-2-yl)acrylate (3b). Compound 4b (77.5 mg, 0.25
mmol) was allowed to react with ethyl acrylate under Jeffrey's reaction conditions for 1
day. The reaction mixture was chromatographed using 7:1 hexanes/ethyl acetate to
afford 69.9 mg (99 %) of the indicated compound as a clear oil: 'H NMR (CDCl,) & 1.28
(t, J=7.2 Hz, 3H), 3.87 (s, 3H), 4.20 (q, / = 7.2 Hz, 2H), 6.38 (d, J = 15.6 Hz, 1H), 7.00
(dd, J=5.6,2.8 Hz, 1H), 7.19 (d, J = 2.8 Hz, 1H), 7.27-7.31 (m, 3H), 7.35-7.42 (m, 3H),
7.71 (d, J = 16.0 Hz, 1H); "C NMR (CDCl,) & ; 14.5, 55.7, 60.6, 111.4, 116.4, 119.6,
127.4,128.5, 130.1, 131.9, 133.8, 136.1, 139.9, 144.0, 159.2, 167.0; IR (CH,Cl,) 2980,
2935, 1711, 1633, 1481 cm™'; HRMS m/z 282.1259 (calcd for C,H 0, 282.1256).

Ethyl E-3-(4'-methoxybiphen-2-yl)acrylate (2b) and ethyl E-3-(4-
methoxybiphen-2-yl)acrylate (3b). Compound 1b (77.5 mg, 0.25 mmol) was allowed
to react with ethyl acrylate under our standard migration reaction conditions for 2 d. The
reaction mixture was chromatographed using 7:1 hexanes/ethyl acetate to afford 65.6 mg
(93 %) of the indicated compounds as a clear oil in a 52 : 48 ratio. Similarly, compound
4b (77.5 mg, 0.25 mmol) was allowed to react with ethyl acrylate under our standard
migration reaction conditions for 2 d. The reaction mixture was chromatographed using
7:1 hexanes/ethyl acetate to afford 64.9 mg (92 %) of the indicated compounds as a clear
oil in a 48 : 52 ratio.

Ethyl E-3-(3-phenylbenzofuran-2-yl)acrylate (6). Compound 5 (80.0 mg, 0.25
mmol) was allowed to react with ethyl acrylate under our standard migration reaction
conditions for 1 day. The reaction mixture was chromatographed using 7:1 hexanes/ethyl
acetate to afford 62.1 mg (85 %) of the indicated compound as a white solid: mp 84-85
°C, 'HNMR (CDCl;) 6 1.32 (t, J = 7.2 Hz, 3H), 4.25 (q, J = 7.2 Hz, 2H), 6.68 (d, J =
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15.6 Hz, 1H), 7.25-7.29 (m, 1H), 7.40-7.54 (m, 7H), 7.63-7.68 (m, 2H); "C NMR
(CDCly) 6 14.4,60.7, 111.6, 119.4, 121.0, 123.5, 125.7, 127.0, 128.4, 128.4, 129.2,
129.6, 130.3, 131.2, 148.3, 155.0, 167.0; IR (CH,Cl,) 3062, 2979, 1709, 1628, 1450 cm™;
HRMS m/z 292.1104 (calcd for C,4H,40;, 292.1099). Similarly, compound 8 (80.0 mg,
0.25 mmol) was allowed to react with ethyl acrylate under our standard migration
reaction conditions. The reaction mixture was chromatographed using 7:1 hexanes/ethyl
acetate to afford 57.0 mg (78 %) of the indicated compound as a yellow solid: mp 82-84
°C.

Ethyl E-3-[2-(benzofuran-3-yl)phenyl]acrylate (8). Compound 7 (80.0 mg,
0.25 mmol) was allowed to react with ethyl acrylate under Jeffrey’s reaction conditions at
80 °C for 1 day. The reaction mixture was chromatographed using 7:1 hexanes/ethyl
acetate to afford 54.8 mg (75 %) of the indicated compound as a clear oil: 'H NMR
(CDCl,) 6 1.24 (t, J=7.0 Hz, 3H), 4.18 (q, J = 7.2 Hz, 2H), 6.44 (d, J = 16.0 Hz, 1H),
7.24-7.28 (m, 1H), 7.33-7.58 (m, 6H), 7.60 (s, 1H), 7.76 (d, J = 7.6 Hz, 1H), 7.86 (d, J =
15.6 Hz, 1H); "C NMR (CDCl,) § 14.3, 60.5, 111.8, 119.8, 119.8, 120.5, 123.2, 124.9,
127.1, 127.6, 128.2, 130.1, 130.7, 132.2, 133.7, 143.1, 143.5, 155.3, 166.8; IR (CH,Cl,)
3060, 2979, 1711, 1633, 1452 cm™'; HRMS m/z 292.1104 (calcd for C,¢H,,0;, 292.1099).

1-Methoxy-9,10-diphenylphenanthrene (10). 2-Iodo-3-methoxybiphenyl (9)"'
(77.5 mg, 0.25 mmol), Pd(OAc), (2.8 mg, 0.0125 mmol), LiCl (0.0105 g, 0.25 mmol),
NaOAc (0.0175 g, 0.5 mmol) and diphenylacetylene (0.0534 g, 0.30 mmol) in DMF (4
ml) under Ar at 100 °C were stirred for 2 d. The reaction mixture was then cooled to
room temperature, diluted with diethyl ether (35 mL) and washed with brine (30 mL).
The aqueous layer was reextracted with diethyl ether (15 mL). The organic layers were
combined, dried (MgSQO,), filtered, and the solvent removed under reduced pressure. The
residue was chromatographed using 25:1 hexanes/ethyl acetate to afford 81.1 mg (90 %)
of the indicated compound as a white solid: mp 188-189 °C; '"H NMR (CDCl,) & 3.34 (s,
3H), 6.96-7.20 (m, 11H), 7.43-7.45 (m, 2H), 7.58-7.63 (m, 2H), 8.46 (d, J = 8.1 Hz, 1H),
8.77 (d, J = 8.4 Hz, 1H); "C NMR (CDCl;) 8 55.9, 109.3, 115.5, 122.6, 123.1, 124.8,
126.2, 126.2, 126.4, 126.8, 126.9, 127.4, 127.8, 129.5, 129.7, 131.3, 132.1, 132.2, 135.1,
138.2, 139.8, 144.1, 157.9; IR (CH,CIl,) 3026, 1576, 1462 cm™'; HRMS m/z 360.1521
(caled for C,,H,,0, 360.1514).

S6



3-Methoxy-9,10-diphenylphenanthrene (11). Compound 9 (77.5 mg, 0.25
mmol), Pd(OAc), (2.8 mg, 0.0125 mmol), 1,1-bis(diphenylphosphino)methane (dppm)
(4.8 mg, 0.0125 mmol), CsPiv (0.117 g, 0.5 mmol) and diphenylacetylene (0.0534 g, 0.30
mmol) in DMF (4 ml) under Ar at 100 °C were stirred for 2 d. The reaction mixture was
then cooled to room temperature, diluted with diethyl ether (35 mL) and washed with
brine (30 mL). The aqueous layer was reextracted with diethyl ether (15 mL). The
organic layers were combined, dried (MgSO,), filtered, and the solvent removed under
reduced pressure. The residue was chromatographed using 25:1 hexanes/ethyl acetate to
afford 40.0 mg (44 %) of compound 10 alongside 38.4 mg (43 %) of compound 11 as a
white solid: mp 184-186 °C; 'H NMR (CDCl,) 6 4.03 (s, 3H), 7.11-7.25 (m, 11H), 7.47-
7.49 (m, 2H), 7.54-7.56 (m, 1H), 7.61-7.65 (m, 1H), 8.17 (d, J=2.4 Hz, 1H), 8.72 (d, J =
8.4 Hz, 1H); "C NMR (CDCl,) & 55.6, 104.0, 116.5, 122.6, 126.0, 126.4, 126.5, 126.6,
126.8, 127.6, 127.9, 129.4, 129.5, 131.1, 131.3, 131.5, 132.4, 135.0, 137.1, 139.7, 139.8,
158.3 (missing one sp2 carbon due to overlap); IR (CH,Cl,) 3056, 3022, 1576, 1460 cm';
HRMS m/z 360.1521 (calcd for C,,H,,0, 360.1514).
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