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Further details regarding the synthesis of radical precursors and the alkylation of phenols

Synthesis of radical precursors

2-Bromo-4-methylphenyl benzoate 3

Colourless crystals, mp 70-71 ˚C (lit.1 71-72 ˚C) (Found: M+, 289.9942.  C14H11O2Br requires 289.9942); max(nujol)/cm-1 1460, 1377, 867 and 701; H 2.29 (3 H, s, CH3), 7.15-7.16 (2 H, m, 5- and 6-H), 7.40 (1 H, s, 3-H), 7.46-7.49 (2 H, m, 3'- and 5'-H), 7.52-7.55 (1 H, m, 4'-H) and 8.22-8.26 (2 H, m, 2'- and 6'-H); C 21.09 (CH3), 116.18 (4-C), 123.79 (5-C), 129.05 (3-C), 129.47 (2-C), 129.58 (6-C), 130.79 (3'- and 5'-C), 134.11 (4'-C), 134.22 (2'- and 6'-C), 137.94 (1'-C), 146.48 (1-C) and 164.95 (C=O); m/z 290 (M+, 19%), 211 (20), 210 (19), 184 (12), 181 (11), 107 (21), 106 (50), 105 (100), 78 (35), 77 (66) and 51 (34).

4-Methylphenyl benzoate 4

Colourless crystals (53 %), mp 68-71 ˚C (Found: M+, 212.0838.  C14H12O2 requires 212.0837); (Found: C, 78.06; H, 5.70. C14H12O2 requires C, 79.23; H, 5.70 %); max(nujol)/cm-1 1452, 1263, 801 and 704; H (400 MHz; d6-DMSO) 2.34 (3 H, s, CH3), 7.15 (2 H, d, J 1.7, tolyl 2- and 6-H), 7.28 (2 H, d, J 8.3, tolyl 3- and 5-H), 7.61 (2 H, t, J 6.9, phenyl 3- and 5-H), 7.75 (1 H, t, J 6.8, phenyl 4-H) and 8.14 (2 H, d, J 0.8, phenyl 2- and 6-H); C 20.92 (CH3), 121.41, 128.60, 128.77, 129.62, 130.00, 130.14, 133.51, 135.53, 148.65 and 165.41; m/z 213 (M+, 43 %), 212 (74), 108 (13), 107 (20), 106 (49), 105 (100), 77 (50) and 51 (17).

2-Iodophenyl cinnamate 12b

Cinnamoyl chloride and 2-iodophenol gave 2-iodophenyl cinnamate 12b (60%), mp 70-72 ˚C (ethanol/light petroleum) (Found: C, 51.7; H, 3.3; I, 36.5; C15H11IO2 requires: C, 51.45; H, 3.15; I, 36.3%; max(KBr)/cm-1  1740, 1630, 750, 710, 685 and 650; H (60 MHz) 6.40-8.20 (m, aromatic and alkene-H); m/z 350 (M+, 2%) and 131 (100%).  

2-Bromophenyl 2-butenoate 10c

2-Bromophenol and crotonyl chloride yielded 2-bromophenyl 2-butenoate 10c (32%) (Found: C, 49.9; H, 3.7; Br, 32.3. C10H9BrO2 requires: C, 49.8; H, 3.75; Br, 33.2%); max(neat)/cm-1 1740, 1655, 755 and 740; H (60 MHz) 1.91 (3 H, d, J 9.0, Me), 6.02 (1 H, d, J 15.1, 2-H) and 6.80-7.60 (5 H, m, Ph and 3-H); m/z 242 (M+,  2%) and 69 (100).

2-Iodophenyl 2-butenoate 10d. (22%) (Found: C, 42.01; H, 3.3; I, 43.9; C10H9IO2 requires: C, 41.65; H, 3.1; I, 44.1%); max(neat)/cm-1 2912, 1736, 1654, 754 and 738; H (60 MHz) 1.95 (3 H, d, J 7.8, Me), 6.08 (1 H, d, J 16.0, 2-H) and 6.80-7.90 (5 H, m, Ph and 3-H); m/z 288 (M+, 6%) and 69 (100).

Alkylation of phenols

1-Bromo-2-{[(4-methoxyphenyl)oxy]methyl}benzene 15
Light yellow oil (94 %) (Found: M+, 292.0103. C14H13BrO2 requires 292.0099); max(neat)/cm-1 2925, 2854, 1508, 1231, 824 and 734;H 3.76 (3 H, s, MeO), 5.07 (2 H, s, CH2O), 6.81-6.93 (4 H, m, methoxyphenyl 2-, 3-, 5- and 6-H), 7.15-7.19 (1 H, m, 5-H), 7.31 (1 H, ddd, J 7.6, 7.6, 1.2, 4-H) and 7.52-7.58 (2 H, m, 3- and 6-H); C 29.38 (CH2O), 55.62 (MeO), 114.63 (4-C), 115.84 (5-C), 122.00 (1-C), 127.46 (3-C), 128.83 (6-C), 129.07 (2'- and 6'-C), 132.51 (3'- and 5'-C), 137.10 (2-C), 153.00 (1'-C) and 154.00 (4'-C); m/z 292 (M+, 41 %), 249 (41), 186 (15), 171 (100), 123 (82), 97 (35), 84 (60), 77 (15) and 69 (80).
1-Bromo-2-{[(3-methoxyphenyl)oxy]methyl}benzene 23

Light yellow oil (97 %) (Found: M+, 292.0099. C14H13BrO2 requires 292.0104); max(neat)/cm-1 2924, 2853, 1169, 834 and 748; H 3.74 (3 H, s, MeO), 5.10 (2 H, s, CH2O), 6.50-6.60 (3 H, m, 2'-, 4'- and 6'-H), 7.12-7.22 (2 H, m, 5'-H and 5-H), 7.31 (1 H, ddd, J 7.5, 7.5, 1.3, 4-H) and 7.51-7.58 (2 H, m, 3- and 6-H); C 55.23 (MeO), 69.35 (CH2O), 101.39 (5'-C), 106.73 (4'-C), 106.94 (6'-C), 122.25 (1-C), 127.51 (5-C), 128.86 (4-C), 129.16 (6-C), 129.91 (3-C), 132.55 (2'-C), 136.24 (2-C), 159.66 (1'-C) and 160.83 (3'-C); m/z 292 (M+, 56 %), 213 (67), 169 (100), 111 (7), 95 (14), 90 (33) and 63 (14).

1-Bromo-2-({[3-(benzyloxy)phenyl]oxy}methyl)benzene 26

Pale yellow solid (100 %), mp 52-55 ˚C (Found: M+, 368.0417. C20H17O2Br requires 368.0412); max(DCM)/cm-1 2929, 1148, 834 and 749; H 5.04 (2 H, s, PhCH2O), 5.12 (2 H, s, o-bromo PhCH2O), 6.38-6.46 (3 H, m, 2'-, 4'- and 6'-H) and 7.16-7.56 (10 H, m, ArCH); C 69.36 (o-bromo PhCH2O), 70.01 (PhCH2O), 102.22 (5'-C), 107.41 (6'-C), 107.49 (4'-C), 122.00 (1-C), 127.48, 127.92, 128.52, 128.79, 129.12, 129.92 and 132.53 (2'-C); m/z 371 (M+, 12 %), 370 (55), 369 (12), 368 (55), 332 (7), 317 (2), 289 (8), 261 (26), 259 (26), 219 (3), 199 (6), 179 (11), 169 (91), 141 (4), 115 (3) and 91 (100).

1-(Benzyloxy)-2-bromo-4-methylbenzene 30
Colourless crystals (36 %), mp 39-44 ˚C (from light petroleum/DCM) (Found: M+, 276.0149.  C14H13OBr requires 276.0150); (Found: C, 61.04; H, 4.70. C14H13OBr requires C, 60.67; H, 4.73 %); max(DCM)/cm-1 3030, 2922, 2864, 1253, 803 and 695; H 2.26 (3 H, s, Me), 5.12 (2 H, s, CH2), 6.79 (1 H, d, J 8.3, 5-H), 6.98-7.02 (1 H, m, 6-H) and 7.30-7.48 (6 H, m, phenyl-H and 3-H); C (100 MHz) 20.18 (Me), 71.05 (CH2), 112.30 (C-Me), 114.05, 127.04, 127.44, 128.54, 128.79, 131.93, 133.83, 136.78 and 152.92; m/z (EI) 276 (M+, 4 %), 181 (4), 105 (4), 92 (19), 91 (100), 90 (3), 89 (3), 78 (6), 77 (5), 65 (15), 63 (2) and 51 (3).

1-Bromo-2-{[(4-chlorophenyl)oxy]methyl}benzene 39
Light yellow oil (88 %) (Found: M+, 297.9585. C13H10Br37ClO requires 297.9582); max(neat)/cm-1  3062, 2922, 821 and 748; H 5.10 (2 H, s, CH2O), 6.89 (2 H, dd, J 3.4, 9.1, 2'- and 6'-H), 7.18-7.19 (1 H, m, 5-H), 7.21-7.26 (2 H, m, 3'- and 5'-H), 7.33 (1 H, ddd, J 6.1, 6.1, 1.3, 4-H), 7.49 (1 H, dd, J 0.8, 6.0, 6-H) and 7.57 (1 H, dd, J 1.3, 6.6, 3-H); C 69.63 (CH2O), 116.13 (2'- and 6'-C), 122.25 (1-C), 127.00 (2-C), 127.53 (5-C), 128.76 (4-C), 129.30 (3'- and 5'-C), 129.36 (6-C), 132.62 (3-C), 136.00 (4'-C) and 156.00 (1'-C); m/z 301 (M+, 3 %), 300 (21), 299 (12), 298 (100), 297 (8), 296 (63), 278 (3), 266 (4), 248 (8), 207 (3), 181 (6), 171 (100), 152 (8), 137 (7), 125 (11) and 111 (17).

2-Bromo-4-methylphenyl [(4-chlorophenyl)methyl] ether 40
Colourless crystals (45 %), mp 55-63 ˚C (lit.2 mp 67 ˚) (Found: M+, 311.9736. C14H12Br37ClO requires 311.9738); max(neat)/cm-1 3033, 2891, 1287, 862 and 805; H 2.27 (3 H, s, Me), 5.05 (2 H, s, CH2O), 6.75 (1 H, d, J 8.3, cresol 5-H), 6.98-7.02 (1 H, m, cresol 3-H) and 7.31-7.40 (5 H, m, 3-H and benzyl-H); C 20.16 (Me), 70.16 (CH2O), 112.17 (4-C), 113.83 (5-C), 114.61 (1'-C), 128.34 (3-C), 128.67 (2'- and 6'-C), 128.79 (3'- and 5'-H), 132.11 (2-C), 133.62 (6-C), 135.16 (4'-C) and 152.54 (1-C); m/z 312 (M+, 7 %), 232 (3), 125 (100) and 89 (6).

1-(Benzyloxy)-4-methylbenzene 18
Light yellow oil (54 %) (Found: M+, 198.1044. C14H14O requires 198.1045); max(neat)/cm-1 2922, 1239, 808 and 733; H 2.27 (3 H, s, Me), 5.01 (2 H, s, CH2), 6.85 (2 H, d, J 6.4, tolyl 3- and 5-H), 7.09 (2 H, d, J 6.4, 2- and 6-H) and 7.37 (5 H, m, phenyl-H); C (100 MHz) 20.51 (Me), 70.06 (CH2), 114.67 (1-C), 127.42 (2'- and 6'-C), 128.48 (3'- and 5'-C), 128.55 (3- and 5-C), 129.87 (2- and 6-C), 130.12 (4-C), 137.28 (1'-C) and 156.72 (1-C); m/z 198 (M+, 61%), 107 (5), 91 (100), 77 (5) and 65 (11).

1-(Benzyloxy)-3-methoxybenzene
Light yellow oil (46 %) (Found: M+, 214.0993. C14H14O2 requires 214.0993); max(neat)/cm-1 2938, 1592, 835 and 760; H 3.75 (3 H, s, OMe), 5.01 (2 H, s, CH2O), 6.49-6.59 (3 H, m, 4-, 5- and 6-H), 7.17 (1 H, ddd, J 7.5, 7.5, 0.8, 2-H) and 7.30-7.40 (5 H, m, phenyl-H); C 55.24 (OMe), 69.97 (CH2O), 101.30 (2-C), 106.55 (6-C), 106.85 (4-C), 127.55, 127.98, 128.56, 129.92 (5-C), 136.92 (C-CH2O), 160.02 (1-C) and 160.80 (3-C); m/z 214 (M+, 50 %), 181 (5), 107 (2), 91 (100), 77 (2), 65 (18), 51 (4) and 39 (6).

1-(Methoxy)-4-(benzyloxy)benzene 19

Colourless crystals (92 %), mp 63-65 ˚C (lit.3 mp 65-68 ˚C) (Found: M+, 214.0994. C14H14O2 requires 214.0993); (Found: C, 78.43; H, 6.77. C14H14O2 requires C, 78.50; H, 6.54 %); max(DCM)/cm-1 2907, 1230, 826 and 732; H 3.76 (3 H, s, MeO), 5.01 (2 H, s, CH2O), 6.80-6.93 (4 H, m, 2-, 3-, 5- and 6-H) and 7.30-7.40 (5 H, m, phenyl-H); C 55.64 (MeO), 70.66 (CH2O), 114.58 (2- and 6-C), 115.80 (3- and 5-C), 127.39 (phenyl 4-C), 127.59 (C-CH2), 127.79 (phenyl 3- and 5-C), 128.47 (phenyl 2- and 6-C), 137.00 (1-C) and 152.00 (4-C); m/z 214 (M+, 65 %), 18 (15), 137 (8), 123 (63), 91 (100), 80 (7), 69 (17) and 65 (48).

4-Chlorophenyl benzyl ether
Colourless crystals (11 %), mp 71-74 ˚C (Found M+, 218.0492. C13H1135ClO requires 218.0498); max(neat)/cm-1 2922, 826 and 732; H 5.03 (2 H, s, CH2O), 6.88 (2 H, dd, J 9.8, 2.8, p-chlorophenyl 2- and 6-H), 7.22 (2 H, dd, J 9.8, 2.8 p-chlorophenyl 3- and 5-H) and 7.30-7.43 (5 H, m, phenyl-H); C 70.21 (CH2O), 116.09 (p-chlorophenyl 2- and 6-C), 125.73 (C-CH2O), 127.38 (p-chlorophenyl 3- and 5-C), 128.04 (phenyl 2- and 6-C), 128.57 (phenyl 3- and 5-C), 129.28 (phenyl 4-C), 136.51 (C-Cl) and 157.27 (C-O); m/z 218 (M+, 10 %), 128 (10), 99 (19), 92 (37), 91 (100), 89 (12), 75 (13), 73 (14), 65 (60) and 63 (29).

2-Chloro-6H-benzo[c]chromen-6-one 37
The general procedure for PCC oxidations with a clean mixture (140 mg) of 2-chloro-6H-benzo[c]chromene 32 and 4-chlorophenyl benzyl ether afforded crude 2-chloro-6H-benzo[c]chromen-6-one, which was recrystallised to yield pure 2-chloro-6H-benzo[c]chromen-6-one 37 as a pale cream crystals (0.10 g, 68 %), mp 175-182 ˚C (lit.4 mp 181 ˚C) (from 3:1 light petroleum:DCM) (Found: M+, 230.0137.  C13H735ClO2 requires 230.1134); max(DCM)/cm-1 1749, 1266, 810, 764 and 680; H 7.30 (1 H, d, J 8.8, 4-H), 7.43 (1 H, dd, J 2.3, 8.8, 3-H), 7.61-7.67 (1 H, m, 9-H), 7.86 (1 H, ddd, J 1.5, 8.0, 8.0, 8-H), 8.03 (1 H, d, J 2.3, 1-H), 8.09 (1 H, d, J 8.1, 10-H) and 8.41 (1 H, dd, J 0.9, 8.0, 7-H); C 119.17 (4-C), 119.43 (10a-C), 121.73 (2-C), 121.75 (3-C), 121.82 (10b-C), 122.58 (1-C), 129.58 (9-C), 130.10 (6a-C), 130.31 (8-C), 130.70 (10-C), 133.63 (4a-C), 135.03 (7-C) and 149.73 (C=O); m/z 230 (M+, 100 %), 202 (24), 167 (7), 139 (31) and 113 (4).

9-Chloro-2-methyl-6H-benzo[c]chromen-6-one 38
The general procedure for PCC oxidations with a clean mixture of 9-chloro-2-methyl-6H-benzo[c]chromene 33 and 4-methylphenyl[(4-chlorophenyl)methyl]ether afforded 9-chloro-2-methyl-6H-benzo[c]chromen-6-one 38 as a colourless crystals (24 %), mp 172-175 ˚C (Found: M+, 230.0137.  C13H735ClO2 requires 230.0134); max(Nujol)/cm-1 3085, 2923, 2853, 1721, 832, 816 and 777; H 2.47 (3 H, s, Me), 7.25-7.30 (3 H, m, 1-, 3- and 4-H), 7.78 (1 H, dd, J 8.7, 2.3, 8-H), 8.05 (1 H, d, J 8.6, 7-H) and 8.37 (1 H, d, J 2.3, 10-H); C 20.99 (Me), 116.92 (2-C), 117.24 (1-C), 122.39 (6a-C), 122.57 (3-C), 123.19 (4-C), 129.87 (8-C), 131.61 (10-C), 133.11 (10a-C), 134.37 (9-C), 134.66 (10b-C), 134.86 (7-C), 149.81 (4a-C) and 160.00 (6-C); m/z 230 (M+, 100 %), 202 (24), 167 (7), 139 (31) and 113 (4) and 9-chloro-6-oxo-6H-benzo[c]chromene-2-carboxylic acid (7.92 mg, 7 %), H 7.23-7.37 (2 H, m, 3- and 4-H), 7.53 (1 H, dd, J 8.6, 2.0, 8-H), 7.77 (1 H, d, J 2.9, 1-H), 8.06 (1 H, d, J 2.8, 10-H) and 8.34 (1 H, d, J 11.6, 7-H). The acid was not fully characterised.
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