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Supplementary Data

Synthesis of ,-unsaturated aldehydes and ketones. 

 (E and Z)-3-(Pyridin-4-yl)prop-2-enal 14

A solution of 4-pridinecarboxaldehye (10.26 g, 95.79 mmol) and (formylmethylene)triphenyl-phosphorane (24.57 g, 80.73 mmol) in anhydrous toluene (600 cm3) was heated at 80 ˚C for 24 h under nitrogen. The mixture was cooled to ambient temperature and evaporated under reduced pressure. The residue was extracted with ice-cooled diethyl ether, triphenylphosphine oxide remains behind. The ethereal was evaporated to dryness, the residue dissolved in dichloromethane and  extracted with 1 M aqueous hydrochloric acid. The acidic layer was neutralised with potassium carbonate and extracted with dichloromethane. The organic layer was dried, evaporated to dryness and purified by column chromatography. Elution with a gradient mixture of dichloromethane:ethyl acetate (1:0-0:1 v/v) gave 3-(pyridin-4-yl)prop-2-enal 14 (8.81 g, 83%); (19.5:1 E:Z), mp 39.5-40˚ (from dichloromethane) (lit.,1 36-37 ˚C) (Found M+, 133.0528. C8H7NO requires 133.0527); max(neat)/ cm-1 3034.4 (CH), 2824, 2746, 2721, 1690, 1631, 1600, 1552, 1496, 1416, 1338, 1305, 1235, 1195, 1153, 1120, 1087, 1009, 979, 916, 852, 799, 732 and 646; H 6.89-6.83 (1 H, dd, J  16.1, 8.0, 2-H), 7.49-7.44 (3 H, m, overlap 3-H, 3’-H), 8.73-8.71 (2 H, m, 2’-H), 9.79 (1 H, d, J 8.0, CHO); Z isomer  6.38-6.30 (1 H, dd, Z isomer,  J  8.0, 8.0, 2-H), 7.49-7.44 (3 H, m, overlap 3-H, 3’-H), 8.73-8.71 (2 H, m, 2’-H), 8.64-8.63 (2 H, m, 2’-H, Z isomer) 9.79 (1 H, d, CHO), 9.69-9.67 (1 H, d, J 8.0, CHO, Z isomer); C 121.29 (2’-C, Z isomer), 121.84 (2’-C), 130.32 (3-C, Z isomer), 131.99 (3-C), 141.05 (4’-C), 142.66 (4’-C, Z isomer), 149.03 (2-C), 150.11 (2-C, Z isomer), 150.49 (3’-C, Z isomer), 150.77 (3’-C), 193.00 (CHO), 193.26 (CHO, Z isomer); m/z (EI); 133 (M+, 100%), 104 (60), 89 (20), 77 (55) and 51 (40).

(E)-3-(Thiophen-2-yl)prop-2-enal 162
Sodium hydroxide (5.57 g, 0.139 mol) was added to a solution of ethanol (33 cm3) and water (67 cm3) with stirring. Thiophene-2-carboxaldehyde (25 g, 0.223 mol) was added within 15 min. To this mixture, a 40% solution of acetaldehyde in water (55.73 g) was added at 0 ˚C over 3.5 h with vigorous stirring and stirred for an additional 15 min. Following neutralization with ice-cold acetic acid, the mixture was extracted with dichloromethane. The solution was evaporated to dryness. The residue was purified by column chromatography using a gradient of light petroleum:dichloromethane (3:1-0:1 v/v) as eluent to yield (E)-3-(thiophen-2-yl)prop-2-enal 16 as a red liquid (15.08 g, 49%, ratio of E:Z = 8.7:1), (Found M+, 138.0139. C7H6SO requires 138.0139); max(neat)/cm-1 3104, 2817, 2755, 2723, 1670, 1613, 1586, 1513, 1421, 1359, 1226, 1147, 1119, 1045, 1007, 961, 858, 817, 711 and 609; H 6.48-6.54 (1 H, dd, J  15.6, 8.0, 2-H), 7.12-7.10 (1 H, m, 4’-H), 7.35-7.37 (1 H, m, 5’-H), 7.51-7.49 (1 H, m, 3’-H), 7.58 (1 H, d, J 15.6, 3-H), 9.63 (1 H, d, J  8.0, CHO); Z isomer 6.20-6.26 (1 H, dd, J  8.0, 8.0, 2-H), 6.79-6.82, 7.064-7.06 and  7.19-7.16 (4 H, m, thiophene-H and 3-H), 9.59 (1 H, d, J 8.0, CHO); C 127.39 (4’-C, 3’-C), 128.53, 130.38 (5’-C), 132.05 (2-C), 139.29 (2’-C), 144.37 (3-C) and 192.8 (CHO); signals also present due to Z isomer; m/z (EI) 138 (M+, 100%), 110 (55), 97 (10), 89 (25), 84 (35), 77 (60), 65 (30), 58 (10), 51 (25), 45 (15) and 39 (15).

(E)-1-(2-Bromophenyl)-3-(3-methoxyphenyl)prop-2-en-1-one 50

A solution of 2-bromoacetophenone (10.11 g, 50.79 mmol), 3-methoxybenzaldehyde (6.915 g,  50.79 mmol) and NaOH (1.20 g, 30.0 mmol) in ethanol (200 cm3) was stirred at room temperature for 24 h. Water (300 cm3) was added and the solution extracted with dichloromethane. The organic layers were combined and evaporated to dryness to give a red oil which was purified by column chromatography using a gradient of dichloromethane:light petroleum (1:1-2:1 v/v) as eluent to yield (E)-1-(2-bromophenyl)-3-(3-methoxyphenyl)prop-2-en-1-one 50 as a red oil ( 13.27 g, 83 %) (Found M+, 316.0099. C16H13BrO2 requires 333.0099); max(CH2Cl2)/cm-1 1651, 1624, 1604, 1579, 1488, 1466, 1456, 1102 and 981; H 3.81 ( 3 H, s, OMe), 6.96-6.93 (1 H, m), 7.15- 7.04 (3 H, m), 7.41-7.28 (5 H, m, Ar-H) and 7.65-7.63 (1 H, m); C 55.27 (OMe), 113.30 (ArOMe:2-C), 116.87 (ArOMe:4-C), 119.49 (C-Br), 121.30 (ArOMe:6-C), 126.40 and 127.36 (ArBr:5-C, 2-C), 129.16 and 129.99 (ArOMe:5-C, ArBr:3-C), 131.38 (ArBr: 6-C), 133.43 (ArBr: 4-C), 135.82 (Ar-C-CH=), 141.10 (Ar-C-CO), 146.53 (3-C), 166.89 (C-OMe) and 194.64 (C=O); m/z (EI) 316 (M+, 10%), 287 (8), 206 (95), 180 (45), 161 (100), 152 (15), 135 ( 62), 118 (20), 107 (20), 92 (15), 77 (22), 64 (12) and 51 (5).

Halogenations of ,-unsaturated aldehydes and ketones. 

(Z)-2-iodo-3-[2-methoxyphenyl]prop-2-enal 6c

 (95%) mp 72-73 ˚C (dichloromethane/light petroleum) (Found: C, 42.0; H, 3.1; C10H9IO2 requires C, 41.7; H, 3.15%); max(Nujol)/cm-1 1678, 1591, 1248, 1119 and 1096; H 3.93 (3 H, s, OMe), 6.95-6.98 (1 H, m, Ar 3-H), 7.07-7.11 (1 H, m, Ar 5-H), 7.27-7.29 (1 H, m, Ar 4-H), 8.29-8.31 (1 H, m, Ar 6-H), 8.39 (1 H, s, 3-H) and 8.81 (1 H, s, CHO); C 56.1 (OMe), 107.03 (2-C), 111.20 (Ar 3-C), 120.40 (Ar 5-H), 123.75 (Ar 1-C), 129.82 (Ar 6-C), 133.43 (Ar 4-C), 151.91 (3-C), 158.32 (Ar 2-C) and 189.50 (CHO); m/z 288 (M+, 50%), 257 (40), 146 (25), 131 (40), 118 (30), 105 (42), 89 (50), 77 (45), 63 (35) and 51 (18).

(Z)-2-Iodo-3-thiophen-2-ylprop-2-enal 17
(80%) (Found M+ 263.9106. C7H6ISO requires 263.9106); max(Nujol)/cm-11678, 1585, 1412, 1222, 1089, 887, 850, 736 and 659 ; H 7.27-7.25 (1 H, m, thiophene:4-H), 7.73-7.71 (2 H, m, thiophene:3- and 5-H), 8.40 (1 H, s, 3-H) and 8.75 (1 H, s, CHO); C 102.38 (2-C), 127.65, 132.44 and 137.04 (thiophene: 3-, 4- and 5-C), 138.37 (thiophene:2-C), 148.55 (3-C) and 188.08 (CHO); m/z (EI) 264 (M+, 100%), 137 ( 67), 127 (5), 109 (62), 109 (60), 97 (7.5), 84 (10), 69 (12.5), 65 (30), 53 (20) and 45 (12.5).

2-[(Z)-2-Iodo-3-[3-(methoxyphenyl)prop-2-enoyl]benzene-1-carbonitrile 51

Yellow oil (99%) (Found M+ 388.9913  C17H12INO2 requires 388.9914); max(Nujol)/cm-1 3066, 3001, 2937, 2826, 2228, 1666, 1600, 1574, 1485, 1463, 1271, 1238, 1158, 1047, 783, 763, 686 and 651; H 3.85 (3 H, s, OMe), 6.99-7.02 (1 H, m, ArOMe:4- or 6-H), 7.27-7.38 (2 H, m, ArOMe:2-H, ArOMe:4- or 6-H), 7.62-7.72 (4 H, m), 7.82-7.88 (1 H, m, 3-H) and 7.43 (1 H, s, vinyl--H); C 55.44 (OMe), 104.11 (vinyl--C), 152.22 (vinyl--C), 114.24 (ArOMe:2-C), 111.86 (C-CN), 116.73 (CN), 117.01(ArOMe:4-C), 122.63 (ArOMe:6-C), 129.53 (ArOMe:5-C), 129.76 131.55, 132.47 (3-C, 5-C, 6-C), 134.06 (5-C), 135.37 (ArOMe:1-C), 140.04 (2-C), 159.33 (C-OMe) and 190.47 (C=O); m/z (EI); 389 (M+, 30%), 374 (3), 358 (19), 262 (100), 254 (7), 232 (6), 219 (12), 184 (15), 130 (64), 102 (44), 89 (10) and 57 (8). The NMR spectra indicate a small amount of the E-isomer.

Reduction ,-unsaturated aldehydes. 

(Z)-2-iodo-3-phenylprop-2-en-1-ol 7b

(100%), mp 23-24 ˚C (from dichloromethane/petroleum ether) (lit.,3 mp 47 ˚C) [Found (M+NH4)+, 278.0042. C9H9IO + NH4 requires 278.0039] (Found: C, 41.3; H, 3.3. C9H9IO requires C, 41.5; H, 3.5%); max(Nujol)/cm-1 3333, 3055, 3022, 1634, 1599, 1491, 1069, 988, 918, 856 and 748; H 2.57 (1 H, br, OH), 4.45 (2 H, s, CH2OH), 7.14 (1 H, s, 3-H), 7.35-7.42 (3 H, m, Ph-H) and 7.55-7.57 (2 H, m, Ph-H); C 73.17 (1-C), 106.74 (2-C), 128.57, 129.04 (Ph: 2-, 3- and 4-C, overlap), 134.24 (3-C) and 137.43 (Ph:1-C); m/z (EI) 260 (M+, 55%), 133 (100), 115 (80), 103 (45), 89 (10), 77 (45), 63 (15), 55 (50) and 51 (20). 

(Z)-2-Iodo-3-(2-methoxyphenyl)prop-2-en-1-ol 7c

Oil (85%) (Found M+ 289.9805. C10H11IO2 requires 289.9806); max(neat)/cm-1 3359 (OH), 3071, 3000, 2934, 2835, 1698, 1633, 1598, 1579, 1487, 1463, 1435, 1288, 1249, 1177, 1114, 1026, 871, 842, 783 and 752; H 3.45 (1 H, t, J 5.0, OH), 3.79 (3 H, s, OMe), 4.46 (2 H, d, J 5.0, CH2O), 7.15 (1 H, s, 3-H), 6.85-6.88 (1 H, m, 3’-H,  Ar), 7.03-6.97 (1 H, m,  5’-H, Ar), 7.35-7.28 (1 H, m,  4’-H, Ar) and 7.66-7.62 (1 H, m,  6’-H, Ar); C 55.92 (OMe), 72.94 (CH2O), 108.29 (2-C), 126.86 (1’-C), 157.16 (2’-C), 110.82, 120.42, 129.94, 130.18, 130.64 (aromatic CH and 3-C); m/z (EI) 290 (M+, 25%), 163 (100), 147 (10), 131 (25), 115 (15), 105 (25), 91 (25), 77 (25), 63 (10), 55 (25) and 43 (5).

(Z)-2-Iodo-3-(thiophen-2-yl)prop-2-en-1-ol

Pale yellow solid (93%), m.p. 133-134 ˚C; (Found: M+ 265.9262 C7H7IOS requires 265.9264); max(Nujol)/cm-11597, 1344, 1247, 1198, 1056, 1012, 752 and 688; H 2.55 (1 H, br, OH), 4.41 (2 H, s, CH2O), 7.08-7.06 (1 H, m, 4’-H), 7.32-7.31 (2 H, m, 5’-H, 3’-H), 7.43 (1 H, s, 3-H); C 72.92 (CH2O), 101.85 (2-C), 125.78 (3’-C), 126.40 (4’-C), 128.28 (5’-C), 130.73 (3-C) and 139.15 (2’-C); m/z (EI) 266 (M+, 100%), 139 (30), 121 (5), 109 (5), 97 (2.5), 85 (20), 77 (7.5), 64 (22.5), 55 (10) and 45 (3).

Bromination of alcohols. [(Z)-3-Bromo-2-iodoprop-1-enyl]benzene 8b

(80%) (Found M+, 321.8860. C9H8BrI requires 321.8857); max(Nujol)/cm-1 3053, 3022, 2949, 1616, 1596, 1575, 1491, 1444, 1281, 1206, 1080, 1061, 919, 897, 748 and 692.8; H 4.54 (2 H, s, CH2Br), 7.10 (1 H, s, 1-H), 7.34-7.39 (3 H, m, Ph-H), 7.52-7.55 (2 H, m, Ph-H); C 45.15 (CH2Br), 99.49 (C-I) and 128.27, 128.68 and 128.78 (2-, 3- and 4-C) and 138.66 (1-C and alkene:CH overlap); m/z (EI) 322 (M+, 2%), 243 (10), 127 (38), 115(100), 89 (18), 74 (10), 63 (22), 51 (20) and 39 (22).

1-[(E)- and (Z)-3-Bromo-2-iodoprop-1-enyl]-2-methoxybenzene 8c

(80%), crystalline mixture of isomers [(E):(Z) = 1:2.5] (Found M+, 351.8961. C10H10BrIO requires 351.8962) (Found: C, 34.4; H, 2.7. C10H10BrIO requires C, 34.1; H, 2.8%); max(neat)/cm-1 3057, 3004, 2957, 2835, 1597, 1578, 1486, 1463, 1435, 1289, 1251, 1208, 1178, 1116, 1050, 1027, 907, 783, 753, 733 and 664; H 3.84 (3 H, s, OMe), 4.43 (2 H, s, CH2Br, minor  isomer, ratio 1:2.5), 4.58 (2 H, s, CH2Br, major isomer), 7.15, 7.46 (1 H, s, alkene:CH, major and minor isomers respectively),  6.97-6.82 (1 H, m, 3-H, overlap of major and minor isomers), 7.37-7.26 (1 H, m, 4-H, overlap of major and minor isomers), 7.46-7.43 (1 H, m, 6-H, minor isomer, overlap with 3-H), 7.69-7.67 (1 H, m, 6-H, major isomer), C 40.24 and 45.32 (CH2Br, minor and major isomers respectively), 55.44 (OMe, both isomers), 98.22 and 100.39 (C-I, minor and minor isomers respectively), 110.34 and 110.61 (3-C, major and minor isomers respectively), 125.20 and 125.86 (1-C, minor and major isomers respectively), 128.53, 129.51, 130.13 (4-C and 5-C, minor and major isomer), 135.15 (overlap of 6-C minor isomer and alkene:CH) 141.14 (6-C, major isomer) and 156.62 and 156.97 (2-C, minor and minor isomers respectively); m/z (EI) 257 (40%), 239 (15), 226 (30), 211 (12), 161 (15), 111 (20), 97 (35), 91 (65), 84 (90), 71 (100), 57 (65), 49 (80) and 43 (50).

2-Bromo-6-methoxypyridine4
A solution of 2,6-dibromopyridine 9 (17.42 g, 74 mmol) and sodium methoxide  (6.75 g, 124.9 mmol) in anhydrous methanol (50 cm3) was heated at 62 ˚C  for 25 h under a reflux condenser. The resultant mixture was cooled to ambient temperature, poured into 5% sodium hydrogen carbonate (50 cm3) and extracted with diethyl ether. The combined organic layers were washed with brine and dried. The solution was filtered and evaporated to dryness to give a clear liquid which was purified by column chromatography using dichloromethane/light petroleum (1:9 v/v) as eluent to yield 2-bromo-6 methoxypyridine as a clear liquid (10.16 g, 73%) [Found: (M+H)+, 187.9712. (C6H6BrNO + H) requires 187.9711]; max(neat)/cm-1 2984, 2951, 1594, 1580, 1555, 1469, 1411, 1318, 1296, 1260, 1150, 1122, 1070, 1020, 981, 855, 786, 752, 665 and 603; H 3.88 (3 H, s, OMe), 6.63-6.65 (1 H, m, 3-H), 6.99-7.02 (1 H, m, 5-H), 7.36-7.39 (1 H, m, 4-H); C 53.99 (OMe), 109.37 and 120.14 (3-C, 5-C), 138.61 (2-C), 140.34 (4-C) and 163.66 (6-C); m/z (EI) 186 (M+, 16%), 157 (18), 108 (10), 93 (95), 78 (63), 64 (71), 50 (52) and 38 (100). The spectral agreed with the data reported in the literature.2 

Cyanations. 2-[(E)-3-(3-Methoxyphenyl)prop-2-enoyl]benzene-1-carbonitrile

(63%), mp 84.0-84.6 ˚C [from dichloromethane/light petroleum]; (Found: M+, 263.0947. C17H13NO2 requires 263.0946) (Found: C, 77.7; H, 5.1; N, 5.0. C17H13NO2 requires C, 77.54; H, 4.98; N, 5.32%); max(CH2Cl2)/cm-1 2226, 1667, 1644, 1602, 1488 and 771; H 3.81 (3 H, s, OMe), 6.95 (1 H, d, J 8.0, ArOMe:4- or 6-H), 7.10 (1 H, s, ArOMe:2-H), 7.18 (1 H, d, J 7.2, ArOMe:4- or 6-H), 7.30-7.35 (2 H, m), 7.64-7.73 (3 H, m), 7.79 (1 H, d, J 7.6, 6-H) and 7.91 (1 H, d, J 7.6, 3-H); C 55.32 (OMe), 111.23 (C-CN), 113.53 (ArOMe:2-C), 117.03 (ArOMe:4-C), 117.82 (CN), 121.42 and 122.99 (ArOMe:6-C, vinyl--C), 129.30 (ArOMe:5-C), 130.03 (3-C), 131.86 and 132.60 (4-C, 6-C), 134.72 (5-C), 135.52 (ArOMe:1-C), 141.40 (2-C), 146.99 (vinyl--C), 159.93 (C-OMe) and 189.47 (C=O); m/z (EI); 263 (M+, 17%), 232 (13), 206  (99), 178 (14), 161 (100), 147 (11), 133 (17), 118 (17), 102 (7), 91 (6), 77 (9), 69 (6), 57 (16) and 40 (5).

 6-Methoxypyridine-2-carbonitrile 10 using p-toluenesulfonyl cyanide

To a solution of 2-dimethylaminoethanol (1.43 g, 31.77 mmol) in hexane (20 cm3) cooled at 0 ˚C, was added dropwise BuLi (1.6 M solution in hexane, 20 cm3, 32 mmol). After 15 min, a solution of 2-methoxypyridine (436 mg, 4 mmol) in hexane (10 cm3) was added dropwise (10 min) and the reaction mixture stirred for at 0 ˚C for 1 h. The orange solution was cooled at -20 ˚C and a solution of p-toluenesulfonyl cyanide (730 mg, 4 mmol) in tetrahydrofuran (40 cm3) was added dropwise, and the mixture stirred for 1 h at 0 ˚C and 1 h at room temperature. Hydrolysis was performed at 0 ˚C with water. After aqueous work-up, the organic layer was dried and the solvents evaporated. The residue was purified by column chromatography using silica gel and dichloromethane/light petroleum (3:7 v/v) as eluent to yield 10 (52 mg, 11%). 

Alkylation of 6-oxo-1,6-dihydropyridine-2-carbonitrile 11. 
1-[(Z)-2-Iodo-3-phenylprop-2-enyl]-6-oxo-1,6-dihydropyridine-2-carbonitrile 13b

(63 %), mp 104-106 ˚C (from dichloromethane/light petroleum) [Found (M+H)+, 362.9994. (C15H11IN2O + H) requires 362.9990] (Found: C, 49.9; H, 3.3; N, 7.5. C15H11IN2O requires C, 49.75; H, 3.06; N, 7.7%); max(Nujol)/cm-1 2221, 1667, 1591, 1535, 1233, 1161, 1145, 1075, 1011, 921, 802, 750, 722 and 698; H 5.15 (2 H, s, CH2N, nOe ds, enhancement from vinylic-H, 5.8%), 6.71-6.73 (1 H, m, 3- or 5-H), 6.80-6.81 (1 H, m, 3- or 5-H), 6.97 (1 H, s, vinylic-H, nOe ds, enhancement from CH2N 5.6%), 7.26-7.33 (4 H, m, overlap of Ph-H and pyridone 4-H), 7.46-7.48 (2 H, m, overlap of Ph-H); C 57.70 (CH2N), 96.61 (vinyl -C), 112.55 (2-C), 120.89 (CN), 136.50 (Ph:1-C), 116.12, 127.38, 128.01, 128.33 and 128.44 (Ph:2-, 3- and 4-C, 3-C, 5-C), 131.78 and 137.80 (4-C, vinyl -C) and 160.24 (6-C); m/z (EI) 235 (10%), 116 (12), 115 (100), 103 (4), 89 (10), 76 (3), 63 (5) and 51 (5). 

6-{[(Z)-2-Iodo-3-phenylprop-2-enyl]oxy}pyridine-2-carbonitrile 12b was also eluted from the column (25%), mp 68.5-69.5 ˚C (from dichloromethane/light petroleum) (Found M+, 362.9987. C15H11IN2O requires 362.9989); (Found: C, 49.5; H, 3.05; N, 7.7. C15H11IN2O requires C, 49.75; H, 3.06; N, 7.7%); max(Nujol)/cm-1 2234, 1647, 1601, 1592, 1261, 1202, 1148, 1048, 995, 862, 799, 718 and 691; H 5.21 (2 H, s, CH2O), 7.20 (1 H, s, vinylic H), 7.06-7.08 (1 H, m, pyridine H), 7.32-7.37 (4 H, m, Ph-H overlap with pyridine H); 7.54-7.56 (2 H, m, Ar-H), 7.68-7.72 (1 H, m, pyridine H); C 75.08 (CH2O), 98.23 (C-I), 116.30 and 122.77 (3-C, 5-C), 117.07 (CN), 128.14, 128.42, 128.61 (Ph:2-C, 3-C and 4-C), 130.23 and 136.70 (Ph:1-C, 2-C) 137.31 and 139.48 (4-C, vinyl:CH) and 162.92 (6-C); m/z (EI) 258 (20%), 235 (100), 149 (5), 130 (8), 116 (100), 103 (22), 89 (13), 77 (18), 51 (10) and 39 (8).

1-[(Z)-2-Iodo-3-(2-methoxyphenyl)prop-2-enyl]-6-oxo-1,6-dihydropyridine-2-carbonitrile 13c

(45 %), mp 121.5-122 ˚C [Found (M+H)+, 393.0108. (C16H13IN2O2 + H) requires 393.0102] (Found: C, 49.1; H, 3.2; N, 7.1. C16H13IN2O2 requires C, 49.0; H, 3.3; N, 7.1%); max(neat)/cm-1 2232, 1669, 1595, 1536, 1487, 1463, 1435, 1250, 1145, 1114, 1026, 910, 805, 754 and 731; H 3.80 (3 H, s, OMe), 5.23 (2 H, s, CH2N, nOe ds, enhancement from vinylic-H, 13.6%), 6.78 (1 H, dd, J 6.8, 1.2, 3- or 5-H), 6.84-6.86 (1 H, m, PhOMe:3-H); 6.84-6.89 (2 H, m, 3- or 5-H, PhOMe:3-H), 6.96 (1 H, dd, J 7.4, 7.4, PhOMe:4-H), 7.02 (1 H, s, vinylic-H, nOe ds, enhancement from CH2N, 1.9%)7.26-7.39 (2 H, m, 4-H, PhOMe:4-H), 7.59 (1 H, dd, J 7.4, 1.2, PhOMe:6-H); C 55.40 (OMe), 57.60 (CH2N), 97.38 (2-C vinylic), 110.47, 116.06, 120.16, 127.13, 129.34, 129.79, 137.79 and 140.97 (CH including vinylic:CH), 112.50 (CN), 121.03 and 125.38 (pyridone 2-C and PhOMe:1-C), 160.69 (6-C) and 173.07 (PhOMe:2-C); m/z (EI) 265 (M+ –I, 100%), 145 (98), 131 (40), 115 (99), 103 (20), 91 (30), 77 (28), 63 (15) and 51(16).

6-{[(E)- and (Z)-2-Iodo-3-(2-methoxyphenyl)prop-2-enyl]oxy}pyridine-2-carbonitrile 12c was also eluted as an oil (26%) [Found (M+H)+, 392.0104. C16H13IN2O2 requires 393.0102); max(Nujol)/cm-1 3081, 3024, 2857, 2929, 2870, 2236, 1592, 1567, 1492, 1454, 1440, 1366, 1326, 1265, 1207, 1074, 100, 985, 920, 858, 806, 751, 695 and 659; H 3.78 and 3.79 (3 H, s, OMe, major and minor isomers respectively), 5.08 and 5.20 (2 H, s, CH2O, major and minor isomers respectively, ratio 1:2.3), 7.23 (1 H, s, vinylic-H, major isomer), 6.82-7.05, 7.29-7.25 and 7.59-7.67 (7 H, m, Ar-H, overlap with vinylic-H of minor isomer); C 55.47 (OMe), 69.11, 74.96 (CH2O, minor and major isomers respectively), 97.51 and 99.04 (vinyl 2-C, major and minor isomers respectively), 110.34, 110.67, 115.98, 129.32, 129.49, 129.91, 122.65, 134.06, 139.40 and 141.67 (CH, overlap of isomers), 125.81, 125.82, 125.33 and 130.01 (2-C and ArOMe:1-C, both isomers) and 156.40, 156.84 and 162.83 (COMe and 6-C, overlap of major and minor isomers); m/z (EI) 265 (M+ -I, 74%), 145 (100), 131 (78), 115 (90), 103 (25), 91 (34), 77 (35), 63 (12) and 51 (15).

1-[(Z)-2-Iodo-3-(thiophen-2-yl)prop-2-enyl]-6-oxo-1,6-dihydropyridine-2-carbonitrile 19

2-[(Z)-3-Bromo-2-iodoprop-1-enyl]thiophene 18 was used directly after preparation using solid phase resin to yield 19 (21% in two steps from the alcohol), mp 156.5-158.0 ˚C (from dichloromethane/light petroleum) (Found: C, 42.8; H, 2.4; N, 7.4. C13H9IN2OS requires C, 42.41; H, 2.47; N, 7.61%); max(CH2Cl2)/cm-1 2232, 1672, 1596, 1537 and 996; H 5.22 (2 H, s, CH2N, nOe ds, enhancement from vinylic-H, 6-7%), 6.76-6.78 (1 H, m, 3-H or 5-H), 6.84-6.86 (1 H, m, 3-H or 5-H), 7.07-7.09 (1 H, m, thiophene:4-H), 7.32-7.36 (3 H, m, thiophene 3- and 5-H, and 4-H nOe ds, enhancement from vinylic-H) and 7.47 (1 H, s, vinylic-H, nOe ds, enhancement from CH2N, 6-7%); C 58.5 (CH2N), 91.4 (C-I), 112.72 (2-C), 116.26, 121.29, 126.43, 127.99, 131.80 and 133.23 (CH), 121.28 (CN), 137.73 (vinyl:CH), 138.62 (thiophene:2-C) and 160.55 (C=O); m/z (EI) 367 (M+, 5%), 241 (100), 223 (10), 149 (7), 133 (50), 122 (100), 105 (40), 96 (20), 77 (60), 69 (20), 63 (25), 51(30) and 39 (35).

Alkylation of 2-cyanopyrrole. 
1-(2-Iodo-3-phenylprop-2-enyl)-1H-pyrrole-2-carbonitrile 20b (Z, E mixture, ratio 2.7:1) 

Oil (Z:E mixture, ratio 2.7:1) (96%); (Found M+, 333.9968. C14H11IN2 requires 333.9967); max(neat)/cm-1 2215, 1628, 3120, 3055, 3024, 2924, 1694, 1674, 1598, 1575, 1527, 1490, 1463, 1445, 1430, 1407, 1346, 1305, 1238, 1141, 1073, 1028, 920, 739 and 694; H 5.02 and 5.04 (2 H, s, CH2, E  and Z isomers respectively, nOe ds, enhancement of resonance 5.04  from vinylic H at 6.85, 6.0 %), 6.25-6.22 (1 H, m, pyrrole 4-H, overlap of E and Z isomers), 6.86-6.85 (1 H, m, pyrrole 3-H, overlap of E and Z isomers),  6.93 (1 H, s, vinylic 3-H, Z isomer, nOe ds, enhancement from resonance at 5.04, 4.8 %), 6.96-6.95 and 7.11-7.10 (1 H, pyrrole 5-H, Z and E isomers respectively, nOe ds, enhancement from  resonance at 5.04, 2.0 %), 7.36-7.33 (ca. 3 H, Ph-H, overlap with 3-H of E  isomer), 7.47-7.44  and 7.51-7.49 (2 H, m, Ph-H, E and Z  isomers respectively); C 61.40 (1-C, Z isomer), 98.47 (vinylic -C), 104.29 (2-C), 109.96 (4-C), 113.52 (CN), 120.90 (3-C), 127.25 (5-C), 128.21 and 128.63 (Ph:2- and 3-C), 129.02 (Ph 4-C), 136.48 (Ph 1-C) and 138.09 (vinylic -C), other minor isomer peaks are not reported; m/z (EI) 334  (M +, 18%), 243 (10), 206 (12), 126 (4), 115 (100), 103 (5), 89 (15), 78 (5), 63 (12) and 51 (9).

Radical cyclisations.
6-Methoxy-11H-indeno[1,2-b]quinolin-11-one 53 and 8-methoxy-11H-indeno[1,2-b]quinolin-11-one 52

2-[(Z)-2-Iodo-3-(3-methoxyphenyl)prop-2-enoyl]benzene-1-carbonitrile 51 (0.290 g, 1.11 mmol) was reacted using the general procedure for cyclisation using sunlamps except that the reaction was heated at  80 ˚C for 24 h to yield of 52 and 53 (33 mg, 25 %) (Found: M+, 261.0789. C17H11NO2 requires 261.0789); max(CH2Cl2)/cm-1 1715, 1625, 1600, 1539, 1516, 1394, 1356, 1235, 1099, 1073 and 754; H 3.93 (3 H, s, OMe, 8-isomer), 4.12 (3 H, s, OMe, 6-isomer), 7.15-7.17 (1 H, m, 7-H, 6, isomer, nOe ds, enhancement from OMe, 4 %; 1 H, m, 9-H, 8-isomer, nOe ds, enhancement from OMe, 4 %), 7.36-7.38 (1 H, m, 7-H, 8-isomer, nOe enhancement from OMe at 3.93, 1%), 7.41-7.42 (1 H, m, 2-H, 8-isomer), 7.44-7.51 (2 H, m, 8-H, 9-H, 6-isomer, nOe ds, enhancement of 9-H from 10-H, 4 %; 1 H, m, 2-H, 6-isomer; overlap); 7.65-7.67 (1 H, m, 3-H, 6-isomer; 1 H, m, 3-H, 8-isomer; overlap), 7.80-7.82  (1 H, m, 4-H, 6-isomer; 1 H, m, 4-H, 8-isomer; overlap), 7.98-8.04 (2 H, m, 1-H, 6-H, 8-isomer, overlap), 8.18-8.20 (1 H, m, 1-H, 6-isomer), 8.24 (1 H, s, 10-H, 8-isomer) and 8.33 (1 H, s, 10-H, 6-isomer); C 56.32 (OMe, 6-isomer), 55.68 (OMe, 8-isomer), 108.08 (9-C, 8-isomer), 111.18 (7-C, 6-isomer), 121.43 (C-H, 6- and 8-isomer ), 122.39 (9-C, 6-isomer), 124.12, 124.06 (C-H, 8-isomer), 127.52 (CH, 8-isomer), 127.54 (CH, 6-isomer), 128.83 (10a-C, 6-isomer), 131.07 (CH, 6-isomer), 131.25 (CH, 8-isomer), 131.45 (CH, 6-isomer), 132.49 (3-C, 6-isomer), 135.48 (10-C, 6-isomer), 137.08 (11a-C, 8-isomer), 137.32 (11a-C, 6-isomer), 141.83 (4a-C, 6-isomer), 143.91 (5a-C, 6-isomer), 144.22 (4a-C, 8-isomer), 146.45 (5a-C, 8-isomer), 155.74 (4b-C, 6-isomer), 158.35 (4b-C, 8-isomer), 160.05 (8-C, 8-isomer), 161.19 (6-C, 6-isomer), 191.05 (11-C, 6-isomer) and 191.24 (11-C, 8-isomer), overlap of signals, not all carbons could be assigned; m/z 261 (M+, 100%), 246 (10), 232 (33), 218 (24), 203 (12), 190 (14), 176 (4), 163 (6), 153 (6), 130 (7), 107 (5), 97 (4), 84 (20), 77(13), 69 (13), 63 (5), 57 (10) and 49 (20).

General procedure for cyclisation using tert-butylperoxide as initiator. 
10H-Pyrrolizino[1,2-b]quinoline 495
The same procedure which was used for the di-tert-butylperoxide reactions with 13a and 13b was applied to 1-[2-iodo-3-phenylprop-2-enyl]-1H-pyrrole-2-yl cyanide 20b (Z,E mixture, ratio = 2.7:1) (0.160 g, 0.479 mmol) using hexamethylditin (0.343 g, 1.05 mmol) and di-tert-butylperoxide (0.148 cm3,  0.81 mmol). The reaction yielded unaltered 20b (45 mg, 28%) and 10H-pyrrolizino[1,2-b]quinoline 49 (2.9 mg, 3 %) [Found (M-H)+, 205.0765 C14H10N2 - H) requires 205.0766)]; max(CH2Cl2)/cm-1 1633, 1574, 1556, 1501, 1469, 1415, 1379, 1302, 1252, 1116, 1053, 1035, 955, 908, 858, 781, 759 and 722; H 5.11 (2 H, s, 10-H), 6.50-6.51 (1 H, m, 2-H), 6.85 (1 H, m, 3-H), 7.08 (1 H, m, 1-H), 7.45 (1 H, dd, J 8.0, 8.0, 7-H), 7.65-7.74 (3 H, m, 6-H, 8-H), 7.96 (1 H, s, 9-H) and 8.08 (1 H, d, J 8.0, 5-H); C 48.29 (10-C), 102.82 (2-C), 114.91 (3-C), 119.03 (1-C), 125.43 (7-C), 125.78 (8a-C), 127.77 (8-C), 128.67 (6-C), 129.18 and 129.50, (5-C and 9-C), 132.92 (9a-C), 136.21 (3a-C), 148.29 (4a-C) and 153.3 (3b-C); m/z (EI); 206 (M+, 100%), 178 (8), 151 (10), 140 (3), 128 (5), 113 (5), 103 (12), 89 (12), 75 (8), 63 (10), 51 (5) and 39 (5).

Diethyl 2-(2-iodo-3-phenylprop-2-enyl)-2-(cyanomethyl)propanedioate 35b
Triphenylphosphine (1.57 g, 6.0 mmol) was added to a stirred solution of DIAD (1.21 g, 6.0 mmol) in dioxane (20 cm3) at 0 ˚C under nitrogen. When solution was complete, stirring was continued for 10 min, upon which a white precipitate formed. (Z)-2-iodo-3-phenylprop-2-en-1-ol 7b (0.78 g, 3.0 mmol) and diethyl 2-(cyanomethyl)propanedioate (1.19 g, 6.0 mmol) were then added. The solution was stirred for 70 h at  room temperature. The solution was evaporated to dryness and diethyl ether and light petroleum added. The precipitated triphenylphosphine oxide was removed by filtration and the filtrate evaporated to dryness, giving a yellow oil. Purification by column chromatography gave 35b as a colourless oil (1.29 g, 2.9 mmol, 97%) [Found (M + NH4)+, 459.0790. (C18H20INO4 + NH4) requires 459.0783]; max/cm-1 2983, 2938, 2253, 1736, 1492, 1445, 1368, 1297, 1272, 1212, 1084, 913, 858, 733 and 697; H 1.30-1.35 (3 H, t, J 7.1, Me), 3.13 (2 H, s, CH2CN), 3.66 (2 H, s, CH2), 4.25-4.36 (4 H, m, OCH2), 7.04 (1 H, s, vinyl-H) and 7.34-7.46 (5 H, m, ArH); C (100 MHz) 13.92 (Me), 21.64 (CH2CN), 47.81 (CH2), 55.39 (2-C), 62.90 (OCH2), 94.74 (CI), 116.37 (CN), 128.22, 128.59 and 141.33 (Ph-CH), 137.59 (Ph 1-C) and 167.86 (C=O); m/z (EI) 442 (M+ + 1, 70%), 441 (M+, 4), 396 (100), 368 (77), 350 (86), 322 (55), 314 (58), 212 (56), 141 (47), 115 (100), 91 (33), 77 (12), 51 (14) and 43 (17).  
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