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Supplementary data

Comparison of hydrogen abstraction and homolytic substitution in pentacyclo[4.n.0.02,5.03,8.04,7]alkanes

Phillip Lightfoot, Patrizia Pareschi and John C. Walton

Photobromination of basketane (6)
To basketane (0.184 g, 1.39 mmol) in deaerated CCl4 (5.0 cm3) bromine (0.445 g, 2.78 mmol) was added drop by drop.   The tube was exposed to daylight at 25 oC for 12 h and then analysed by GC-MS; m/z (relative %), peak no. 616, 131 (68), 129 (37) 116 (30), 115 (55), 112 (45), 103 (58), 91 (85), 77 (90), 52 (55), 51 (92), 49 (53), 39 (100), 9-bromobasketane 8 (1 %, 1.9 %) (lit. MS7); no. 984, 246 (M+, 2), 169 (5), 167 (16), 131 (81), 115 (20), 91 (100), 79 (48), 78 (30), 77 (45), 65 (35), 53 (25), 51 (45), 39 (59) C10H12ClBr (< 1%, 2.1 %); no. 1008, 169 (7), 167 (21), 131 (90), 115 (18), 91 (100), 79 (45), 78 (27), 77 (48), 65 (32), 53 (28), 51 (43), 39 (58), C10H12ClBr (1.6 %, 1.3 %); no. 1013, 169 (6), 167 (18), 131 (100), 115 (16), 91 (95), 79 (35), 78 (25), 77 (48), 65 (32), 53 (29), 51 (42), 39 (65), C10H12ClBr (< 1 %, 2.4 %); no. 1082, 292 (M+, 1), 213 (7), 131 (100), 117 (15), 115 (18), 91 (96), 79 (35), 78 (28), 77 (38), 65 (30), 51 (41), 39 (55), C10H12Br2 (< 1 %, 4.8 %); no. 1095, 213 (6), 131 (100), 117 (20), 115 (20), 91 (90), 79 (31), 78 (28), 77 (40), 65 (30), 51 (41), 39 (55), C10H12Br2 (5.9 %, 7.4 %); no. 1100, 213 (3), 171 (3), 131 (100), 117 (10), 115 (12), 91 (96), 79 (28), 78 (25), 77 (36), 65 (32), 51 (35), 39 (53), C10H12Br2 (9.4 %, 5.1 %); no. 1109, 213 (5), 171 (3), 131 (100), 117 (15), 115 (18), 91 (96), 79 (35), 78 (28), 77 (38), 65 (35), 51 (38), 39 (53), C10H12Br2 (13.7 %, 9.9 %); no. 1115, 213 (4), 171 (3), 131 (100), 117 (12), 115 (15), 91 (98), 79 (32), 78 (23), 77 (34), 65 (32), 51 (33), 39 (45), C10H12Br2 (18.7 %, 8.8 %); no. 1134, 213 (5), 185 (5), 171 (4), 131 (33), 117 (12), 115 (12), 91 (42), 79 (100), 78 (65), 77 (41), 65 (22), 51 (40), 39 (48), C10H12Br2 (10.0 %, 7.2%); %); no. 1147, 213 (3), 171 (4), 131 (100), 115 (14), 91 (78), 79 (28), 78 (22), 77 (32), 65 (23), 51 (33), 39 (43), C10H12Br2 (6.6 %, 5.9 %); %); no. 1179, 213 (2), 185 (5), 171 (4), 131 (100), 115 (16), 91 (97), 80 (46), 79 (40), 78 (28), 77 (41), 65 (32), 51 (48), 39 (58), C10H12Br2 (1.8 %, 11.2%); no. 1562, 291 (11), 211 (11), 185 (8), 171 (9), 131 (75), 130 (36), 129 (67), 115 (36), 104 (27), 91 (100), 79 (64), 78 (53), 77 (83), 64 (66), 51 (75), 39 (95), C10H12Br4 (1.6 %, 0.8 %); no. 1589, 291 (7), 211 (14), 185 (9), 171 (8), 131 (41), 130 (30), 129 (50), 115 (24), 104 (29), 91 (62), 79 (74), 78 (58), 77 (85), 65 (56), 51 (85), 39 (100), C10H12Br4 (1.7 %, 1.9 %); no. 1687, 371 (2), 291 (6), 211 (13), 185 (10), 171 (5), 131 (40), 130 (35), 129 (58), 115 (22), 103 (25), 91 (68), 78 (84), 77 (92), 65 (69), 51 (90), 39 (100), C10H12Br4 (11.4 %, 7.5 %); no. 1715, 291 (4), 211 (12), 185 (4), 171 (5), 159 (6), 131 (45), 130 (32), 129 (60), 115 (20), 104 (31), 91 (65), 79 (77), 78 (79), 77 (89), 65 (57), 51 (95), 39 (100), C10H12Br4 (5.0 %, 6.1 %); no. 1725, 291 (5), 211 (14), 185 (6), 171 (8), 159 (6), 131 (41), 130 (30), 129 (50), 115 (24), 104 (29), 91 (62), 79 (74), 78 (58), 77 (85), 65 (56), 51 (85), 39 (100), C10H12Br4 (7.3 %, < 1%); no. 1789, 291 (6), 211 (12), 185 (6), 171 (6), 159 (9), 131 (38), 130 (27), 129 (43), 115 (20), 103 (20), 91 (60), 79 (95), 78 (75), 77 (100), 65 (58), 51 (87), 39 (95), C10H12Br4 (2.3 %, 6.7 %). Unidentified components amounted to 1.3 % (8.9 % 2nd. reaction).   A second experiment was carried out with 6 (6.8 mg, 0.052 mmol) and Br2 (8.2 mg, 0.052 mmol) in CCl4 (0.18 cm3).   The GC chromatograms were similar except that significant unreacted basketane remained after 24 h; the yields for each component are noted above (second yield figures).  The product mixture from the first reaction was separated into several fractions by crystallisation from pentane/CCl4 mixtures.   Promising fractions were chromatographed on silica gel (light petroleum/ether).   Each fraction was checked by GC-MS to correlate separated components (and mixtures) with the original chromatogram.   Eventually three almost pure components were obtained.   No. 1095, H 1.35-1.65 (2 H, m), 2.15-2.45 (4 H, m), 2.87-3.08 (2 H, m), 4.55 (1 H, t, J = 7.1), 4.84 (1 H, dd, J = 7.1, 9.2), 5.35 (1 H, d, J = 9.1), the quantity was insufficient for a 13C NMR spectrum, 1,2-dibromotricyclo[4.4.0.02,5]dec-7-ene (D5).   No. 1687, H 1.36-1.43 (1 H, m), 1.81 (2 H, dt, J = 14.9, 5.4), 2.02-2.16 (1 H, m), 2.38 (1 H, m), 2.42 (1 H, m), 3.01-3.17 (2 H, m), 4.35 (1 H, d, J = 6.6), 4.80 (1 H, dt, J = 6.7, 1.3), 4.95 (1 H, dd, J  = 6.6, 3.6), 5.79 (1 H, dt, J ); C 18.31 (CH2), 26.40 (CH2), 35.79 (CH), 37.99 (CH), 45.79 (2 x CH), 48.85 (CH), 49.11 (CH), 55.58 (CH), 57.18 (CH), 3,4,7,8-tetrabromotricyclo[4.4.0.02,5]decane (T4).   The structure of a crystal of no. 1715 was solved by X-ray diffraction (see below and electronic Supplementary Information) i.e. 3,4,7,8-tetrabromotricyclo[4.2.2.02,5]decane, 12 (T2).   The 1H NMR of the total reaction mixture from the first bromination showed the following yields: no. 616, 9-bromobasketane (8) 1.6 %; no. 1095, 9.6 %; no. 1687, 12.3 %.   

Photobromination of homocubane (14)
To 14 (4.6 mg, 0.039 mmol) in deaerated CCl4 (0.14 cm3) bromine (9.4 mg, 0.058 mmol) was added drop by drop.   The solution was exposed to daylight for 12 h at 25 oC and then analysed by GC-MS.   No. 759, m/z (relative intensity) 155 (10), 153 (30), 117 (100), 115 (39), 91 (34), 77 (45), 65 (32), 51 (34), 39 (74), C9H10ClBr; (1.4 %, 1.9 %); no. 847, 278 (12), 197 (7), 118 (23), 117 (100), 115 (26), 91 (23), 77 (12), 65 (18), 51 (21), 39 (44), C9H10Br2 (17.8 %, 23.2 %); no. 864, 197 (8), 118 (23), 117 (100), 115 (22), 91 (22), 77 (16), 65 (23), 51 (27), 39 (46), C9H10Br2 (3.8 %, 15.7 %); no. 903, 197 (3), 118 (23), 117 (100), 115 (23), 91 (20), 77 (10), 65 (15), 51 (18), 39 (46), C9H10Br2 (5.3 %, 7.2 %); no. 917, 197 (7), 118 (21), 117 (100), 115 (27), 91 (32), 77 (12), 66 (84), 65 (25), 51 (32), 39 (51), C9H10Br2 (3.2 %, 8.0 %); no. 936, 212 (5), 197 (9), 169 (10), 118 (20), 117 (100), 115 (24), 91 (23), 77 (20), 66 (25), 65 (15), 51 (18), 39 (38), C9H10Br2 (33.0 %, 17.4 %); no. 1284, 359 (36), 277 (48), 197 (12), 118 (27), 117 (100), 115 (43), 91 (30), 77 (22), 65 (27), 58 (43), 51 (30), 39 (62), C9H10Br4 (7.6 %, 5.3 %); %); no. 1296, 359 (38), 277 (74), 197 (13), 117 (70), 115 (60), 91 (34), 77 (49), 65 (32), 58 (48), 51 (47), 39 (100), C9H10Br4 (9.1 %, 8.9 %); no. 1303, 359 (50), 277 (62), 197 (19), 117 (82), 115 (68), 91 (39), 77 (62), 65 (40), 58 (64), 51 (59), 39 (100), C9H10Br4 (4.6 %, 3.2 %); no. 1322, 277 (8), 197 (16), 117 (100), 115 (54), 91 (44), 77 (30), 65 (32), 58 (32), 51 (40), 39 (78), C9H10Br4 (2.1 %, 0.3 %); no. 1379, 359 (29), 277 (61), 197 (16), 117 (100), 116 (40), 115 (54), 91 (41), 77 (40), 65 (30), 58 (35), 51 (37), 39 (83), C9H10Br4 (3.7 %, 0.6 %); %); no. 1386, 359 (23), 277 (45), 197 (15), 117 (95), 116 (40), 115 (55), 91 (50), 77 (44), 66 (38), 65 (38), 58 (42), 51 (50), 39 (100), C9H10Br4 (5.4 %, 6.2 %); %); no. 1420, 277 (9), 197 (16), 117 (100), 116 (42), 115 (53), 91 (40), 77 (38), 65 (31), 63 (31), 58 (35), 57 (38), 51 (44), 39 (89), C9H10Br4 (2.3 %, 1.6 %).   9-Bromohomocubane (15) was estimated to be < 0.15 % (< 0.11 %) from the chromatogram.   A second experiment was carried out with 14 (208 mg, 1.76 mmol) and Br2 (423 mg, 2.64 mmol) in CCl4 (6.0 cm3).   The GC chromatograms were similar and the yields for each component are noted above (second yield figures).  The product mixture from this second reaction was separated into several fractions by crystallisation from pentane/CCl4 mixtures and promising fractions were chromatographed on silica gel (light petroleum/ether).  Each fraction was checked by GC-MS to correlate components with the original chromatogram.   Unfortunately, all attempts led to mixtures containing a range of components.

