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General remarks. All manipulations were conducted using standard Schlenk techniques under a

nitrogen atmosphere. Unless otherwise noted, reagents were commercially available and used without

further purification. Reaction solvents were obtained commercially dry, except light petroleum (40-60 °C)

and ethyl acetate which were distilled from calcium chloride, dichloromethane from calcium hydride and

tetrahydrofuran from sodium/benzophenone. Flash column chromatography was carried out using Merck

Kieselgel 230-400 mesh under pressure using mixtures of EtOAc/light petroleum mixtures as eluent

unless otherwise indicated. Analytical thin layer chromatography was performed using precoated glass-

backed plates (Merck Kieselgel 60 F254) and visualized by ultra-violet radiation (254 nm), iodine dip or

acidic potassium permanganate solution as appropriate. Nuclear magnetic resonance spectra were recorded

using tetramethylsilane as an internal standard. All mass spectra are electron impact spectra (EI) unless

otherwise stated. All melting points are uncorrected.

N-(2-Iodophenyl)-2-phenylacetamide. o-Iodoaniline (0.50 g, 2.28 mmol) was dissolved in THF (50

mL), followed by addition of triethylamine (0.70 mL, 5.02 mmol), 4-(dimethylamino)pyridine (0.02 g, 0.23

mmol) and finally phenylacetyl chloride (0.61 mL, 4.57 mmol). The reaction mixture was stirred overnight

and evaporated under reduced pressure. The residue was dissolved in ethyl acetate, washed with dilute HCl,

saturated NaHCO3 and brine, dried and evaporated under reduced pressure. Recrystallization in ethyl

acetate gave N-(2-iodophenyl)-2-phenylacetamide (0.48 g, 63%) as colorless crystals, mp 135-136 °C.

(Found: C, 49.65; H, 3.38, N, 4.19. C1 4H1 2INO requires C, 49.87; H, 3.59; N, 4.15%); _max(film)/cm-1

3421, 1652, 1634, 750, 696; _H (CDCl3, 250 MHz) 3.80 (2 H, s), 6.80 (1 H, dt, J = 7.4, 1.7), 7.32-7.45 (7

H, m), 7.69 (1 H, dd, J = 7.9, 1.7), 8.27 (1 H, bd, J = 7.4); _C (CDCl3, 100 MHz) 45.21 (CH2), 89.2 (C-I),

121.4, 125.9, 127.9, 129.2, 129.5, 130.1, 133.9, 138.1, 138.8, 169.31; m/z (ESI) 355.0301 [(M+NH4)+,

C1 4H1 6IN2O requires 355.0302], 355 (60%), 229 (100), 212 (70).
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N-(2-Iodophenyl)-2-phenylpropanamide. 2-Phenylpropionic acid (3.28 mL, 24.00 mmol) was

dissolved in DCM (40 mL) followed by addition of 5 drops of DMF and oxalyl chloride (3.38 mL, 40.00

mmol). The reaction was stirred for 2 h at room temperature until gas was no longer evolved. The reaction

mixture was evaporated under reduced pressure and the resulting residue was dissolved in DCM followed

by addition of triethylamine (3.90 mL, 28.00 mmol), 4-(dimethylamino)pyridine (0.24 g, 2.00 mmol) and

o-iodoaniline (4.38 g, 20.00 mmol). The solution was stirred overnight at room temperature, taken up in

ethyl acetate, washed with dilute HCl, saturated NaHCO3 and brine, dried and evaporated under reduced

pressure. The resulting residue was recrystallized in ethyl acetate giving amide N-(2-iodophenyl)-2-

phenylpropanamide (5.64 g, 80%) as colorless crystals, mp 98-100 °C. (Found: C, 51.37; H, 3.84; N, 4.01.

C1 5H1 4INO requires C, 51.30; H, 4.02; N, 3.99%); _max(film)/cm-1 3273, 2973, 1682, 750, 699; _H (CDCl3,

250 MHz) 1.66 (3 H, d, J = 7.2), 3.80 (1 H, q, J = 7.2), 6.78 (1 H, dt, J = 7.6, 1.5), 7.27-7.43 (7 H, m), 7.67

(1 H, dd, J = 8.1, 1.5), 8.25 (1 H, dd, J = 8.1, 1.2); _C (CDCl3, 100 MHz) 18.0 (CH3), 48.42 (CH), 89.3

(C), 121.4, 125.8, 127.8, 128.2, 129.2, 127.37 (CH), 138.2 (C), 138.8 (CH), 140.3 (C), 172.6 (C=O); m/z

(ESI) 369.0456 [(M+NH4)+, C1 5H1 8IN2O requires 369.0458], 369 (80%), 243 (100).

General procedure for the Sonogashira coupling of 2-iodoanilides with terminal alkynes. The

procedure was based on a literature protocol.[1] The aryl iodide (8.00 mmol) and triethylamine (4.46 mL,

32.00 mmol) were dissolved in DMF (50 mL) and the solution was flushed with nitrogen for 15 min.

Bis(triphenylphosphine)-palladium dichloride (0.28 g, 0.40 mmol) and copper iodide (0.15 g, 0.80 mmol)

were added, followed by stirring for 1 h. Drop wise addition of the terminal alkyne (12.00 mmol) at 0 °C (-

78 °C for propyne, which was added from a gas canister via a tube and needle) over 5 min was followed by

stirring overnight at room temperature. The reaction mixture was taken up in ethyl acetate, washed with

water once and brine four times, dried and evaporated under reduced pressure. Purification by column

chromatography followed by recrystallization in ethyl acetate gave the alkyne tethered amide (yields are

given with the data for each compound).

2-Phenyl-N-[2-(2-phenylethynyl)phenyl]acetamide 9a. Applying the general procedure to N-(2-

iodophenyl)-2-phenylacetamide and phenyl acetylene gave 9a (86%) as colorless crystals, mp 123-124 °C.

_max(film)/cm-1 3297, 3054, 3027, 1663, 755, 687; _H (CDCl3, 250 MHz) 3.79 (2 H, s), 7.01-7.08 (2 H, m),

7.12-7.18 (2 H, m), 7.29-7.44 (9 H, m), 7.96 (1 H, bs, NH), 8.45 (1 H, bd, J = 8.4); _C (CDCl3, 100 MHz)

45.42 (CH2), 83.7 (C), 96.0 (C), 112.1 (C), 119.3 (CH), 122.3 (C), 123.54, 127.7, 128.3, 128.9, 129.2,
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129.5, 129.7, 131.8, 131.9 (CH), 133.9, 138.7 (C), 169.2; m/z (ESI) 312.1380 [(M+H)+, C2 2H1 8NO

requires 312.1383], 312 (100%), 194 (80).

2-Phenyl-N-[2-(prop-1-ynyl)phenyl]acetamide 9b. Applying the general procedure to N-(2-

iodophenyl)-2-phenylacetamide and propyne gave 9 b  (79%) as colorless crystals, mp 88-89 °C.

_max(film)/cm-1 3282, 3028, 1653, 753, 724, 695; _H (CDCl3, 400 MHz) 1.81 (3 H, s, CH3), 3.81 (2 H, s,

CH2), 6.96 (1 H, dt, J = 7.6, 1.2), 7.23-7.46 (7 H, m), 7.90 (1 H, bs, NH), 8.41-8.45 (1 H, m); _C (CDCl3,

100 MHz) 4.4 (CH3), 45.4 (CH2), 74.5 (C), 93.0 (C), 112.6 (C), 118.8, 123.3, 127.7, 128.8, 129.2, 130.0,

131.6 (CH), 134.1, 138.7 (C), 167.2 (C=O); m/z (ESI) 250.1227 [(M+H)+, C1 7H1 6NO requires 250.1226],

249 (35%), 131 (79), 91 (100), 77 (52).

2-Phenyl-N-[2-(2-phenylethynyl)phenyl]propanamide 9c. Applying the general procedure to N-

(2-iodophenyl)-2-phenylpropanamide and phenyl acetylene gave 9c (81%) as colorless crystals, mp 83-84

°C. (Found: C, 84.62; H, 5.75; N, 4.34. C2 3H1 9NO requires C, 84.89; H, 5.89; N, 4.30%); _max(film)/cm-1

3372, 3059, 2974, 1700, 1684, 754, 700; _H (CDCl3, 250 MHz) 1.62 (3 H, d, J = 7.2), 3.79 (1 H, q, J =

7.2), 7.03 (1 H, dt, J = 7.6, 1.2), 7.10-7.23 (3 H, m), 7.30-7.43 (9 H, m), 7.96 (1 H, bs, NH), 8.46 (1 H, bd,

J = 8.1); _C (CDCl3, 100 MHz) 18.5 (CH3), 48.6 (CH), 83.8 (C), 96.0 (C), 111.9 (ArC), 119.1 (CH), 122.3

(C), 123.3, 127.6, 127.7, 128.3, 128.8, 129.1, 129.7, 131.7, 131.7 (CH), 139.0, 140.6 (C), 172.3 (C=O);

m/z (ESI) 326.1538 [(M+H)+, C2 3H2 0NO requires 326.1539], 326 (100%), 194 (30).

2-Phenyl-N-[2-(prop-1-ynyl)phenyl]propanamide 9d. Applying the general procedure to N-(2-

iodophenyl)-2-phenylpropanamide and propyne gave 9d  (75%) as pale brown crystals, mp 97 °C.

_max(film)/cm-1 3346, 3064, 3031, 2885, 2933, 1672, 758; _H (CDCl3, 400 MHz) 1.64 (3 H, d, J = 7.2), 1.86

(3 H, s), 3.80 (1 H, q, J = 7.2), 6.95 (1 H, dt, J = 7.6, 1.1), 7.23-7.27 (2 H, m), 7.31-7.34 (1 H, m), 7.38-

7.43 (4 H, m), 7.89 (1 H, bs, NH), 8.40-8.42 (1 H, m); _C (CDCl3, 100 MHz) 4.4, 18.3, 48.5, 74.6, 92.9

(C), 112.6 (C), 118.7, 123.1, 127.6, 128.1, 128.8, 129.1, 131.5 (CH), 139.0, 140.7 (C), 172.4 (C=O); m/z

(ESI) 264.1381 [(M+H)+, C1 8H1 8NO requires 264.1383], 263 (18%), 130 (50), 105 (95), 77 (100).

3-[2-(2-Phenylpropanamido)phenyl]prop-2-ynyl acetate 9e. Applying the general procedure to N-

(2-iodophenyl)-2-phenylpropanamide and propargyl alcohol gave N-[2-(3-hydroxyprop-1-ynyl)phenyl]-2-

phenylpropanamide (82%). This alcohol was acetylated using the following procedure: N-[2-(3-

Hydroxyprop-1-ynyl)phenyl]-2-phenylpropanamide (1.01 g, 3.62 mmol) and 4-dimethylaminopyridine

(0.04 g, 0.36 mmol) were dissolved in anhydrous DCM (40 mL) followed by addition of acetic anhydride
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(0.44 mL, 4.70 mmol) and triethylamine (0.66 mL, 4.70 mmol). The reaction was stirred for 4 h at room

temperature, diluted with DCM and washed with dilute HCl, saturated NaHCO3 and brine. The organic

phase was dried and evaporated under reduced pressure. Purification using column chromatography

resulted in 9e (1.10 g, 95%) as a brown oil. _max(film)/cm-1 3367, 3060, 3027, 2976, 2934, 1743, 1694, 758,

701; _H (CDCl3, 400 MHz) 1.63 (3 H, d, J = 7.2), 2.15 (3 H, s), 3.87 (1 H, d, J = 7.2), 4.71 (2 H, s), 6.98

(1 H, m), 7.30-7.45 (7 H, m), 7.91 (1 H, bs), 8.42-8.44 (1 H, m); _C (CDCl3, 100 MHz) 18.4, 20.8, 48.2

(CH), 52.6 (CH2), 81.46, 90.1 (C), 110.58 (C), 119.1, 123.2, 127.5 (CH), 128.0, 129.1 (CH), 130.3, 132.0

(CH), 139.8, 140.8 (C), 170.38, 172.6 (C); m/z (ES) 339.1705 [(M+NH4)+, C2 0H2 3N2O3 requires

339.1703], 339 (55%), 322 (34), 281 (30), 264 (100), 77 (38).

2-Phenyl-N-{2-[2-(trimethylsilyl)ethynyl]phenyl}propanamide 9f. Applying the general

procedure to N-(2-iodophenyl)-2-phenylpropanamide and trimethylsilane acetylene gave 9f  (92%) as

brown crystals, mp 51-52 °C. _max(film)/cm-1 3379, 3062, 3028, 2961, 2898, 2151, 1702, 758, 700; _H

(CDCl3, 400 MHz) 0.26 (9 H, s, SiMe3) 1.61 (3 H, d, J = 7.1 CHCH3), 3.73 (1 H, q, J = 7.1, CHCH3),

6.98 (1 H, dt, J = 7.6, 1.2), 7.26-7.38 (7 H, m), 8.00 (1 H, bs, NH), 8.43 (1 H, d, J = 8.4); _C (CDCl3, 100

MHz) 0.2 [Si(CH3)3], 18.7 (CH3), 48.7 (CH), 100.0, 101.9 (C), 111.6 (C), 118.9, 123.1, 127.5, 127.5,

129.1, 129.9, 131.9 (CH), 139.4, 140.9 (C), 172.1 (C); m/z (ESI) 322.1625 [(M+H)+, C2 0H2 4NOSi

requires 322.1622], 321 (15%), 189 (25), 158 (42), 105 (100), 77 (47).

N-(2-Ethynylphenyl)-2-phenylpropanamide 9g. 2-Phenyl-N-{2-[2-(trimethylsilyl)ethynyl]-

phenyl}propanamide 71 (1.93 g, 6.00 mmol) was dissolved in methanol (30 mL) and anhydrous K2CO3

(0.08 g, 0.60 mmol) was added, followed by stirring for 30 min at room temperature. The mixture was

evaporated under reduced pressure and the resulting residue was dissolved in DCM, washed with water and

the organic phase was dried and evaporated under reduced pressure. Purification using column

chromatography gave 9g (1.41 g, 94%) as a yellow oil. _max(film)/cm-1 3361, 3293, 3061, 3028, 2978, 2934,

1692, 757, 701; _H (CDCl3, 400 MHz)  1.65 (3 H, d, J = 7.2), 3.06 (1 H, s), 3.80 (1 H, q, J = 7.2), 6.98 (1

H, dt, J = 7.6, 1.1), 7.31-7.35 (3 H, m), 7.38-7.41 (4 H, m), 7.93 (1 H, bs), 8.42 (1 H, bd, J = 8.1); _C

(CDCl3, 100 MHz) 18.0 (CH3), 48.5 (CH), 78.5 (CH), 84.0 (CH), 110.6 (C), 118.9, 123.2, 127.6, 128.2,

129.3, 130.2, 131.8 (CH), 139.7, 140.4 (C), 172.5 (C); m/z (ESI) 250.1228 [(M+H)+, C1 7H1 6NO requires

250.1226], 249 (5%), 143 (5), 116 (32), 105 (100), 77 (54).
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Methyl 3-(2-aminophenyl)propiolate.1a Zinc chloride (2.45 g, 18.00 mmol) and triethylamine (10.0

mL, 72. mmol) were dissolved in THF (100 mL), and the mixture was flushed with nitrogen for 20 min. o-

Iodoaniline (3.29 g, 15.00 mmol), methyl propiolate (1.60 mL, 18.00 mmol) and PdCl2(PPh3)2 (0.53 g,

0.75 mmol) were added and the reaction was refluxed for 5 h. After cooling to room temperature the

mixture was evaporated under reduced pressure, the residue dissolved in DCM, washed with water and

brine, dried and evaporated under reduced pressure. Purification using column chromatography gave

methyl 3-(2-aminophenyl)propiolate (0.24 g, 9%) as dark brown crystals, mp 71-72 °C (lit.,[1b] 70-72 °C).

_max(film)/cm-1 3459, 3364, 3029, 2951, 2210, 1700, 1617, 750; _H (CDCl3, 400 MHz) 3.84 (3 H, s), 4.40

(2 H, bs), 6.67-6.71 (2 H, m), 7.22 (1 H, ddd, J = 8.9, 7.8, 1.6), 7.37-7.39 (1 H, m); _C (CDCl3, 100 MHz)

52.8 (CH3), 84.4 (C), 86.3 (C), 103.2 (C), 114.6, 117.9, 132.4, 133.8 (CH), 150.2 (C), 154.6 (C); m/z (EI)

176 (100%), 165 (35), 148 (30).

Methyl 3-[2-(2-phenylpropanamido)phenyl]propiolate 9h. 2-Phenylpropionic acid (0.23 mL, 1.69

mmol) was dissolved in DCM (15 mL) followed by addition of 3 drops of DMF and oxalyl chloride (0.22

mL, 2.60 mmol). The reaction was stirred for 2 h at room temperature when gas was no longer evolved.

The reaction mixture was evaporated under reduced pressure and the resulting residue was dissolved in

DCM followed by addition of triethylamine (0.27 mL, 1.95 mmol), 4-(dimethylamino)pyridine (0.016 g,

0.13 mmol) and methyl 3-(2-aminophenyl)propiolate (0.23 g, 1.30 mmol). The solution was stirred

overnight at room temperature, taken up in ethyl acetate, washed with dilute HCl, saturated NaHCO3 and

brine, dried and evaporated under reduced pressure. Purification using column chromatography gave 9h

(0.33 g, 83%) as a pale yellow oil. _max(film)/cm-1 3377, 3061, 3028, 2977, 2952, 2218, 1712, 1694, 757,

700; _H (CDCl3, 400 MHz) 1.64 (3 H, d, J = 7.2), 3.81 (1 H, q, J = 7.2), 3.89 (3 H, s), 7.03 (1 H, dt, J =

7.7, 1.2), 7.26-7.47 (7 H, m), 7.84 (1 H, bs), 8.41 (1 H, d, J = 8.4); _C (CDCl3, 100 MHz) 18.0 (CHCH3),

48.6 (CH), 53.0 (CH3), 81.6 (C), 87.1 (C), 108.2 (C), 119.7, 123.6, 127.7, 127.8, 129.4, 132.3, 133.2 (CH),

140.5, 140.9 (C), 153.9 (C), 172.5 (C); m/z (ESI) 308.1286 [(M+H)+, C1 9H1 8NO3 requires 308.1281], 307

(12%), 277 (15), 249 (15), 175 (45), 170 (98), 132 (100), 115 (98).

General procedure for the conversion of amides to imidoyl selanides

The amide (3.00 mmol) was dissolved in dry DCM (50 mL) followed by addition of DMF (6 drops)

and drop wise addition of a 20% phosgene solution in toluene (4.76 mL, 9.00 mmol) at 0 °C. The reaction
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mixture was stirred overnight at room temperature and evaporated under reduced pressure. This residue

was immediately dissolved in anhydrous THF (50 mL) and transferred into a suspension of (PhSe)2 (0.47

g, 1.50 mmol) and K-selectride® (1M solution in THF) (3.30 mL, 3.30 mmol) in THF (20 mL). The

reaction mixture was stirred until homogeneous at room temperature and evaporated under reduced

pressure. The residue was dissolved in DCM, washed with water, dried and evaporated under reduced

pressure. The residue was purified by column chromatography on silica gel with EtOAc in light petroleum

(20%) as eluent to yield the required imidoyl selanide.

Phenyl 2-phenyl-N-[2-(2-phenylethynyl)phenyl]ethaneselenoimidate 10a. Yellow oil (22%).

_max(film)/cm-1 3056, 1635, 755, 690; _H (CDCl3, 250 MHz) 3.88 (2 H, s), 6.95-7.22 (9 H, m), 7.30-7.39 (5

H, m), 7.43-7.45 (2 H, m), 7.50-7.54 (2 H, m), 7.59 (1 H, dd, J = 7.7, 1.3); _C (CDCl3, 100 MHz) 46.7

(CH2), 87.1, 93.5 (C), 113.8 (C), 119.4, 119.5 (CH), 123.6 (C), 124.4, 126.5 (CH), 127.2 (C), 128.2, 128.2,

128.2, 128.3, 129.0, 129.2, 131.7, 133.0 (CH), 135.9 (C), 137.4 (CH), 152.3, 166.9; m/z  (LSIMS)

452.0908 [(M+H)+, C2 8H2 2NSe requires 452.0912], 452 (100%).

(Z)-Phenyl 2-phenyl-N-[2-(prop-1-ynyl)phenyl]ethaneselenoimidate 10b. Yellow oil (41%).

_max(film)/cm-1 3059, 3028, 2914, 1639, 740, 694; _H (CDCl3, 400 MHz) 2.07 (3 H, s), 3.86 (2 H, s), 6.89-

6.91 (1 H, m), 7.05-7.09 (3 H, m), 7.16-7.28 (6 H, m), 7.32-7.36 (1 H, m), 7.43-7.45 (3 H, m); _C (CDCl3,

100 MHz) 4.7 (CH3), 46.5 (CH2), 90.1, 114.6 (C), 119.2, 124.4, 126.5 (CH), 127.3 (C), 128.2, 128.3,

128.9, 129.0, 129.1, 133.0 (CH), 136.1 (C), 137.4 (CH), 144.5, 152.2 (C), 169.0 (C); m/z (LSIMS)

390.0751 [(M+H)+, C2 3H2 0NSe requires 390.0755], 389 (2%), 232 (60), 91 (100).

 (Z)-Phenyl 2-phenyl-N-[2-(2-phenylethynyl)phenyl]propaneselenoimidate 10c.  Yellow oil

(67%). _max(film)/cm-1 3057 (ArC-H), 2971 (sp3 C-H), 1628 (C=N), 755, 690 (Ar); _H (CDCl3, 250 MHz)

1.55 (3 H, d, J = 7.0), 3.92 (1 H, q,  J = 7.0), 6.91-6.95 (1 H, m), 7.00-7.18 (8 H, m), 7.31-7.36 (7 H, m),

7.48-7.51 (2 H, m), 7.55-7.58 (1 H, m); _C (CDCl3, 100 MHz) 22.4 (CH3), 49.1 (CH), 87.2 (C), 93.4 (C),

113.7 (C), 119.2 (CH), 123.6 (C), 124.3, 126.4 (CH), 127.3 (C), 127.8, 128.1, 128.3, 128.31, 128.8, 129.0,

129.1, 131.7, 133.0, 137.4 (CH), 142.2, 152.4 (C), 169.7 (C); m/z (LSIMS) 466.1063 [(M+H)+,

C2 9H2 4NSe requires 466.1068], 466 (100%).

(Z)-Phenyl 2-phenyl-N-[2-(prop-1-ynyl)phenyl]propaneselenoimidate 10d. Yellow oil 61%).

_max(film)/cm-1 3059, 3026, 2972, 2926, 2240, 1635, 741, 695; _H (CDCl3, 400 MHz) 1.52 (3 H, d, J = 7.0),

2.06 (3 H, s), 3.91 (1 H, q, J = 7.0), 6.87 (1 H, dd, J = 8.8, 0.9), 7.05 (1 H, dt, J = 7.6, 1.2), 7.09-7.12 (2 H,
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m), 7.17-7.27 (6 H, m), 7.31-7.37 (3 H, m), 7.42 (1 H, dd, J = 7.7, 1.3); _C (CDCl3, 100 MHz) 4.6 (CH3),

22.3 (CH3), 49.0 (CH), 90.0, 114.4 (C), 119.0, 124.1, 126.4, (CH), 127.5 (C), 127.9, 128.3, 128.3, 128.8,

129.0, 132.8 (CH), 135.8 (C), 137.4 (CH), 142.4, 152.4 (C), 169.0 (C); m/z (LSIMS) 404.0915 [(M+H)+,

C2 4H2 2NSe requires 404.0912], 403 (1%), 246 (45), 231 (45), 105 (100), 77 (81).

(Z)-3-{2-[2-Phenyl-1-(phenylselanyl)propylideneamino]phenyl}prop-2-ynyl acetate 10e.

Colorless crystals (71%), mp 73-74 °C; IR 3058, 3026, 2975, 2927, 1745, 1632, 741, 699 cm-1; 1H NMR

(400 MHz, CDCl3) _ 7.47-7.49 (1 H, m), 7.29-7.39 (4 H, m), 7.19-7.24 (5 H, m), 7.06-7.10 (3 H, m), 6.89

(1 H, ddd, J = 8.0, 1.2, 0.4 Hz), 4.88 (2 H, m), 3.92 (1 H, d, J = 7.2 Hz), 2.13 (3 H, s), 1.52 (3 H, d,  J = 7.2

Hz); 1 3C NMR (100 MHz, CDCl3) _ 170.3, 170.0, 152.7,  142.17, 137.4, 133.2,  129.6, 129.1, 128.9,

128.3, 127.9, 127.3, 126.6, 124.2, 119.1, 112.5, 86.8, 84.1, 53.0, 48.9, 22.2, 20.9; m/z (LSIMS) 462 (35),

404 (10), 306 (21), 246 (100). HRMS: m/z (M+H)+ calcd for C2 6H2 4NO2Se 462.0967, found 462.0967.

 (Z)-Phenyl 2-phenyl-N-{2-[2-(trimethylsilyl)ethynyl]-phenyl}propaneselenoimidate 10f. A

yellow oil (44%). _max(film)/cm-1 3059, 3025, 2959, 2926, 2156, 1633, 756, 700; _H (CDCl3, 400 MHz)

0.28 (9 H, s, CH3), 1.53 (3 H, d, J = 7.0), 3.89 (1 H, q, J = 7.0), 6.85-6.87 (1 H, m), 7.05-7.08 (3 H, m),

7.19-7.36 (9 H, m), 7.49-7.52 (1 H, m); _C (CDCl3, 100 MHz) 0.1 (Me), 22.0 (CH3), 48.7 (CH), 98.1,

102.3 (C), 113.4 (AC), 118.8, 124.0, 126.4 (CH), 127.2 (C), 127.7, 128.2, 128.6, 128.9, 129.1, 133.2,

137.1 (CH), 142.1, 152.6 (C), 169.4 (C); m/z (LSIMS) 462.1155 [(M+H)+, C2 6H2 8NSeSi requires

462.1151], 462 (88%), 306 (100).

 (Z)-Phenyl N-(2-ethynylphenyl)-2-phenylpropaneseleno-imidate 1 0 g . Yellow oil (46%).

_max(film)/cm-1 3285, 3059, 3026, 2975, 2927, 1637, 741, 692; _H (CDCl3, 400 MHz) 1.52 (3 H, d, J = 7.0),

3.21 (1 H, s), 3.92 (1 H, q, J = 7.0, CH), 6.88 (1 H, dd, J = 8.0, 0.8), 7.04-7.12 (3 H, m), 7.17-7.22 (5 H,

m), 7.28-7.37 (4 H, m), 7.51 (1 H, dd, J = 8.0, 1.6); _C (CDCl3, 100 MHz) 22.2 (CH3), 49.0 (CH3), 81.3

(CH), 112.6 (C), 119.1, 124.1, 126.5 (CH), 127.2 (C), 127.9, 128.1, 128.8, 129.1, 124.5, 133.5 (CH), 137.3

(C), 137.4 (CH), 142.1, 153.0 (C), 169.9 (C); m/z (LSIMS) 390.0754 [(M+H)+, C2 3H2 0NSe requires

390.0755], 390 (33%), 234 (100).

(Z)-Methyl 3-{2-[2-phenyl-1-(phenylselanyl)propylideneamino]phenyl}propiolate 10h. Yellow

oil (57%). _max(film)/cm-1 3057, 3024, 2972, 2926, 2220, 1707, 1635, 741, 700; _H (CDCl3, 400 MHz) 1.54

(3 H, d, J = 6.9), 3.86 (3 H, s), 3.94 (1 H, q, J = 6.9), 6.90-6.93 (1 H, m), 7.06-7.23 (8 H, m), 7.31-7.43 (4

H, m), 7.56-7.59 (1 H, m); _C (CDCl3, 100 MHz) 21.9 (CH3), 49.20 (CH), 52.7 (CH3), 84.2, 84.6 (C),



S12

12

109.9 (C), 119.3, 124.2, 126.6 (CH), 126.9 (C), 127.8, 128.4, 128.9, 129.1, 131.5, 134.2, 137.4 (CH),

141.9 (C), 154.2, 154.5, 171.2 (C); m/z (LSIMS) 448.0812 [(M+H)+, C2 5H2 2NO2
8 0Se requires 448.0810],

448 (60%), 294 (100).

General procedure for the radical cascade cyclisation of imidoyl selanides to form 5H-

benzo[b]carbazoles.

The imidoyl selanide (0.50 mmol) and tributyltin hydride (0.27 mL, 1.00 mmol) were dissolved in

toluene (30 mL) and the solution was flushed with nitrogen for 15 min. Triethylborane (1 M solution in

hexanes, 5.00 mL, 5.00 mmol) was added every 24 h (preceded by deoxygenation by flushing the solution

with nitrogen for 15 min). The reaction mixture was stirred until the starting material was consumed (see

Table 2 for individual reaction times). Oxygen was allowed to bleed in through a needle throughout.

Further deoxygenations were required in order to lower the concentration of O2 so that the further portions

of Et3B were not consumed too rapidly. The solution was evaporated under reduced pressure. The

compounds were isolated using column chromatography.

Spectral and analytical data for the 5H-benzo[b]carbazoles and by-products.

11-Phenyl-5H-benzo[b]carbazole 11a.2 Pale yellow crystals (33%), mp 238-241 °C. (Found: C,

89.79; H, 4.96; N, 4.61. C2 2H1 5N requires C, 90.07; H, 5.15; N, 4.77%); _max(film)/cm-1 3402, 3058, 745,

702; _H (CDCl3, 250 MHz) 6.86-6.93 (2 H, m), 7.24-7.36 (3 H, m), 7.47-7.51 (3 H, m), 7.59-7.63 (3 H,

m), 7.70-7.73 (1 H, m), 7.74 (1 H, s), 7.93-7.95 (1 H, m), 7.95 (1 H, bs, NH); _C (CDCl3, 100 MHz) 104.1

(C), 104.8, 109.9, 119.2, 122.7, 123.1 (CH), 123.3, 123.6 (C), 125.0, 126.4, 126.9, 127.0 (CH), 127.6 (C),

127.8, 128.9, 130.2 (CH), 132.6, 133.9, 139.0, 142.22 (C); m/z (ESI) 294.1280 [(M+H)+, C2 2H1 6N

requires 294.1277], 293 (100%), 145 (50).

11-Methyl-5H-benzo[b]carbazole 11b.3 Colorless crystals (15%), mp 231-233 °C (lit.,[3] 236 °C).

_max(film)/cm-1 3364, 3076, 3048, 1606, 1453, 1335, 82, 736; _H (CDCl3, 400 MHz) 3.25 (3 H, s, CH3),

7.29 (1 H, m), 7.40-7.51 (4 H, m), 7.62 (1 H, s), 7.91-7.93 (2 H, m), 8.30-8.33 (1 H, m), 8.39 (1 H, bd, J =

7.9); _C (CDCl3, 100 MHz) 15.5 (CH3), 103.4, 110.0, 119.3, 122.5, 123.8, 124.2, 124.8, 126.6 (CH), 127.4

(C), 127.5 (CH), 129.3, 132.8, 139.1, 142.2 (C) (two quaternary carbon signals could not be detected); m/z

(ESI) 232.1120 [(M+H)+, C1 7H1 4N requires 232.1121], 231 (100%), 218 (14).
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6-Methyl-11-phenyl-5H-benzo[b]carbazole 11c.4 Brown foam (55%). _max(film)/cm-1 3429, 3058,

2922, 750, 701; _H (CDCl3, 400 MHz) 2.87 (3 H, s), 6.82-6.93 (2 H, m), 7.28-7.38 (4 H, m), 7.47-7.65 (5

H, m), 7.75 (1 H, ddd, J = 8.6, 1.3, 0.7), 7.93 (1 H, bs, NH), 8.14-8.19 (1 H, m); _C (CDCl3, 100 MHz)

12.9 (CH3), 110.0 (CH), 110.7 (C), 119.2, 122.3, 122.7 (CH), 123.0 (C), 123.2 (CH), 123.9 (C), 124.8,

126.9, 127.0, 127.7, 128.9, 130.4 (CH), 130.9, 131.9, 137.8, 139.2, 140.2, 142.2 (C); m/z (ESI) 308.1423

[(M+H)+, C2 3H1 8N requires 308.1434], 307 (100%), 230 (20), 146 (53), 77 (19).

6,11-Dimethyl-5H-benzo[b]carbazole 11d.5 Pale green crystals (54%), mp 205-207 °C (lit.,5 208-

209 °C). _max(film)/cm-1 3419, 3068, 2922, 1611, 1471, 1238, 745; _H (CDCl3, 400 MHz) 2.83 (3 H, s),

3.24 (3 H, s), 7.27-7.29 (1 H, m), 7.45-7.50 (3 H, m), 7.55-7.57 (1 H, m), 7.88 (1 H, bs), 8.14 (1 H, d, J =

8.4), 8.35 (1 H, d, J = 8.4), 8.39 (1 H, d, J = 8.0); _C (CDCl3, 100 MHz) 12.7, 15.4 (CH3), 108.8 (C),

110.1, 119.3, 122.1, 123.2, 124.0, 124.6, 124.7 (CH), 124.8, 124.8 (C), 126.6 (CH), 126.9, 127.7, 131.1,

137.9, 142.2 (C); m/z (ESI) 246.1277 [(M+H)+, C1 8H1 6N requires 246.1277], 245 (100%), 230 (32), 215

(10).

 (6-Methyl-5H-benzo[b]carbazol-11-yl)methyl acetate 11e. Yellow crystals (40%) which

decomposed at 175-180 °C. _max(film)/cm-1 3368, 2923, 1700, 740; _H (CDCl3, 400 MHz) 2.11 (3 H, s),

2.85 (3 H, s), 6.22 (2 H, s, CH2O), 7.25-7.30 (1 H, m), 7.46-7.59 (4 H, m), 7.97 (1 H, bs), 8.14-8.17 (1 H,

m), 8.27 (1 H, d, J = 8.0), 8.37 (1 H, d, J = 7.8); _C (CDCl3, 100 MHz) 13.0 (CH3), 21.1 (CH3), 60.3

(CH2), 110.5 (CH), 113.1 (C), 119.9 (CH), 122.4, 123.0 (C), 123.4, 123.4, 123.9, 124.1, 124.9 (CH), 125.0

(C), 127.5 (CH), 127.8, 131.0, 137.8, 142.4 (C), 171.7 (C); m/z (EI) 303.1254 [M+, C2 0H1 7NO2 requires

303.1254], 303 (45%), 244 (100).

6-Methyl-5H-benzo[b]carbazole 11g.6 Brown crystals (18%), mp 156-157 °C (lit.,[6] 158-160 °C).

_max(film)/cm-1 3427, 3054, 2921, 741; _H (CDCl3, 400 MHz) 2.82 (3 H, s), 7.23-7.27 (1 H, m), 7.39-7.55

(4 H, m), 7.83 (1 H, bs, NH), 8.05 (1 H, d, J = 8.4), 8.11 (1 H, d, J = 8.4), 8.17 (1 H, d, J = 8.0), 8.43 (1 H,

s, 11-H); _C (CDCl3, 100 MHz) 12.8 (CH3), 110.3 (CH), 111.3 (C), 116.7, 119.4, 121.1, 122.4, 122.8

(CH), 123.8 (C), 124.9 (CH), 125.0 (C), 127.2 (CH), 128.7 (C), 129.2 (CH), 131.0, 138.3, 141.9 (C); m/z

(ESI) 232.1124 [(M+H)+, C1 7H1 4N requires 232.1121], 231 (100%), 216 (3), 202 (15).

6-Methyl-5H-benzo[b]carbazole-11-carboxylate 11h. Yellow crystals (19%), mp 207-210 °C.

_max(film)/cm-1 3383, 3050, 2927, 1709, 741; _H (CDCl3, 400 MHz) 2.84 (3 H, s, ArCH3), 4.23 (3 H, s,

CO2CH3), 7.23 (1 H, ddd, J = 8.0, 7.2, 1.2), 7.42-7.51 (3 H, m), 7.53-7.57 (1 H, m), 7.98 (1 H, bs, NH),
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8.01 (1 H, bd, J = 8.0), 8.10-8.14 (2 H, m); _C (CDCl3, 100 MHz) 13.1 (CH3), 52.6 (CH3), 110.5 (CH),

114.2 (C), 119.8 (CH), 121.2, 121.8, 121.9 (C), 122.9, 123.1, 123.7, 125.1 (CH), 125.3 (C), 125.6, 128.0

(CH), 130.5, 137.6, 142.3 (C), 170.3 (C); m/z (ES) 307.1441 [(M+NH4)+, C1 9H1 9N2O2 requires

307.1441], 289 (25%), 258 (33), 230 (24), 115 (12).

2-(1-Phenylethyl)-1H-indole-3-carbaldehyde 12f. Colorless crystals (33%), mp 151-152 °C.

_max(film)/cm-1 3219, 2973, 1627, 748, 698; _H (CDCl3, 400 MHz) 1.83 (3 H, d, J = 7.2), 5.04 (1 H, q, J =

7.2), 7.20-7.38 (8 H, m), 8.24-8.26 (1 H, m), 8.80 (1 H, bs), 10.28 (1 H, s); _C (CDCl3, 100 MHz) 20.7

(CH3), 36.4 (CH), 111.2 (CH), 113.5 (C), 121.0, 122.9, 123.6 (CH), 126.3 (C), 127.4, 127.5 (CH), 129.1

(CH), 135.0, 141.62, 153.7 (C), 184.6 (C); m/z (ESI) 250.1228 [(M+H)+, C1 7H1 6NO requires 250.1226],

249 (100%), 234 (38), 143 (18), 115 (23), 77 (47).

Methyl 2-[2-(1-phenylethyl)-1H-indol-3-yl]acetate 12h. Brown oil (29%). _max(film)/cm-1 3387,

3056, 3025, 2968, 2949, 1729, 744, 701; _H (CDCl3, 400 MHz) 1.71 (3 H, d, J = 7.3), 3.63 (3 H, s), 3.75 (2

H, m), 4.55 (1 H, q, J = 7.3), 7.08-7.14 (2 H, m), 7.22-7.34 (6 H, m), 7.56-7.59 (1 H, m), 7.74 (1 H, bs), _C

(CDCl3, 100 MHz) 20.3 (CH3), 30.2 (CH2), 36.0 (CH3), 52.0 (CH), 104.1 (C), 110.7, 118.5, 119.7, 121.6,

126.7 (CH), 127.4 (CH), 128.4 (C), 128.7 (CH), 135.1, 140.0, 143.3 (C), 172.4 (C); m/z (ESI) 294.1489

[(M+H)+, C1 9H2 0NO2 requires 294.1489], 293 (25%), 234 (38), 217 (40), 105 (41), 77 (80), 59 (100).

Procedures, spectral and analytical data for the total synthesis of ellipticine 1.

Ethyl 2-(pyridin-4-yl)propanoate 18. Di-isopropyl amine (7.71 mL, 55.0 mmol) was dissolved in

THF (200 mL) and the mixture was cooled to -78 °C followed by addition of a solution of n-butyllithium

in hexanes (2.5 M, 22 mL, 55.0 mmol) and stirring for 30 min. Ethyl 2-(pyridin-4-yl)acetate (7.66 mL,

50.0 mmol) was dissolved in 20 mL of THF and added drop wise over 20 min, followed by stirring for

another 30 min. The reaction mixture was allowed to heat to 0 °C, methyl iodide (3.73 mL, 60.0 mmol) was

added and the mixture was stirred for another 30 min. Evaporation under reduced pressure gave an oil,

which was dissolved in DCM and washed with aqueous saturated NaHCO3 and brine. The organic phase

was dried and evaporated under reduced pressure and column chromatography of the crude product

resulted in the isolation of ethyl 2-(pyridin-4-yl)propanoate 18 (8.37 g, 93%) as a yellow oil. _max(film)/cm-

1 2983, 2938, 1734, 1598; _H (CDCl3, 400 MHz) 1.22 (3 H, t, J = 7.1), 1.51 (3 H, d, J = 7.2), 3.69 (1 H, q,

J = 7.2), 4.08-4.20 (2 H, m), 7.23-7.25 (2 H, m), 8.55-8.56 (2 H, m); _C (CDCl3, 100 MHz) 14.1 (CH3),
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17.9 (CH3), 45.0 (CH), 61.2 (CH2), 122.8 (CH), 149.3 (C), 150.1 (CH), 173.2 (C); m/z (ESI) 180.1018

[(M+H)+, C1 0H1 4NO2 requires 180.1019], 179 (12%), 106 (100), 77 (58).

N-(2-Iodophenyl)-2-(pyridin-4-yl)propanamide 19. The synthesis was based on a literature

procedure.7 o-Iodoaniline (2.19 g, 10 mmol) was dissolved in dry DCM (50 mL) and a solution of

trimethylaluminium in hexanes (2.0 M, 7.5 mL, 15 mmol) was added drop wise followed by stirring for 30

min at room temperature. Ethyl 2-(pyridin-4-yl)propanoate 18 (1.79 g, 10 mmol) was added and the

reaction was stirred for 3 days at reflux. The reaction mixture was carefully quenched with dilute HCl to

destroy excess trimethylaluminium. [The mixture was diluted with DCM and washed with NaHCO3 and

brine. The organic phase was dried, evaporated under reduced pressure. The resulting residue was purified

using column chromatography to give N-(2-Iodophenyl)-2-(pyridin-4-yl)propanamide 19 (2.84 g, 81%) as

colorless crystals, mp 145-147 °C. (Found: C, 47.74; H, 3.58; N, 7.76. C1 4H1 3IN2O requires C, 47.75; H,

3.72; N, 7.95%); _max(film)/cm-1 3261, 3024, 2979, 2933, 1667, 1519, 751; _H (CDCl3, 400 MHz) 1.66 (3

H, d, J = 6.8), 3.77 (1 H, q, J = 6.8), 6.83 (1 H, dt, J = 8.0, 1.6), 7.31-7.42 (4 H, m), 7.71 (1 H, dd, J = 8.0,

1.2), 8.21 (1 H, d, J = 8.0), 8.64 (2 H, d, J = 6.0); _C (CDCl3, 100 MHz) 17.7 (CH3), 47.9 (CH), 121.7 (C),

123.1, 126.2, 129.3 (CH), 137.7 (C), 138.8 (CH), 149.0 (C), 150.6, 150.6 (CH), 170.7 (C); m/z (ESI)

353.0146 [(M+H)+, C1 4H1 4IN2O requires 353.0145], 352 (1%), 226 (5), 106 (100), 91 (40), 77 (45).

N-[2-(Prop-1-ynyl)phenyl]-2-(pyridin-4-yl)propanamide 20. N-(2-Iodophenyl)-2-(pyridin-4-yl)-

propanamide 19  (1.41 g, 4.00 mmol) and triethylamine (2.23 mL, 16.00 mmol) were dissolved in DMF

(30 mL) and the solution was flushed with argon for 15 min. Bis(triphenylphosphine)palladium dichloride

(0.14 g, 0.20 mmol) and copper iodide  (0.08 g, 0.40 mmol) were added, followed by stirring for 1 h. The

reaction mixture was cooled to -50 °C and propyne (1.60 g, 16.00 mmol) was added via a tube from the

gas canister through a needle in the septum into the flask, while heating the gas-canister in hot water. The

reaction was stirred overnight at room temperature. The mixture was taken up in ethyl acetate, washed with

water once and brine two times, dried and evaporated under reduced pressure. Purification using column

chromatography gave N-[2-(prop-1-ynyl)phenyl]-2-(pyridin-4-yl)propanamide 20 (0.93 g, 88%) as

colorless crystals, mp 105-107 °C. _max(film)/cm-1 3366, 3026, 2976, 2916, 2223, 1684, 757; _H (CDCl3,

400 MHz) 1.65 (3 H, d, J = 7.2), 1.94 (3 H, s), 3.78 (1 H, q, J = 7.2), 6.99 (1 H, dt, J = 7.6, 1.1), 7.25-7.30

(2 H, m), 7.34 (2 H, dd, J = 4.6, 1.6), 7.84 (1 H, bs, NH), 8.36 (1 H, d, J = 8.3), 8.64 (2 H, dd, J = 4.6, 1.6);

_C (CDCl3, 100 MHz) 4.4 (CH3), 17.9 (CH3), 47.9 (CH), 74.5 (C), 93.3 (C), 112.7 (C), 118.8 (CH), 123.2
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(CH), 123.6, 128.9, 131.6 (CH), 138.4, 149.4 (C), 150.5, 170.5 (C); m/z (ESI) 265.1333 [(M+H)+,

C1 7H1 7N2O requires 265.1335], 264 (22%), 131 (87), 130 (98), 106 (100), 77 (70).

(1) (a) Anastasia, L.; Negishi, E.-I. Org. Lett. 2001, 3, 3111-3113. (b) Hiroya, K.; Itoh, S.; Sakamoto,

T. J. Org. Chem. 2004, 69, 1126-1136.

(2) Shi, C.; Wang, K. K. J. Org. Chem. 1998, 63, 3517-3520.

(3) J. Bergman, J.; Pelcman, B. Tetrahedron 1988, 44, 5215-5228.

(4) H. L. Fraser, H. L.; Gribble, G. W. Can. J. Chem. 2001, 79, 1515-1521.

(5) Gribble, G. W.; Saulnier, M. G.; Sibi, M. P.; Obaza-Nutaitis, J. A. J. Org. Chem. 1984, 49, 4518-

4523.

(6) Moody, C. J. J. Chem. Soc. Perkin Trans. 1 1985, 11, 2505-2508.

(7) A. Basha, A.; Lipton, M.; Weinreb, S. M. Tetrahedron Lett. 1977, 4171-4174.
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Table 1.  Crystal data and structure refinement for imidoyl selanide 21.

Identification code wrb7

Chemical formula C23H20N2Se

Formula weight 403.37

Temperature 150(2) K

Radiation, wavelength MoKα, 0.71073 Å

Crystal system, space group monoclinic, P21/c

Unit cell parameters a = 22.0841(7) Å α = 90°

b = 10.4436(3) Å β = 105.705(2)°

c = 17.3447(5) Å γ = 90°

Cell volume 3851.0(2) Å3

Z 8

Calculated density 1.391 g/cm3

Absorption coefficient µ 1.958 mm−1

F(000) 1648

Crystal colour and size pale yellow, 0.88 × 0.58 × 0.28 mm3

Reflections for cell refinement 16766 (θ range 2.17 to 28.94°)

Data collection method Bruker SMART 1000 CCD diffractometer

ω rotation with narrow frames

θ range for data collection 1.92 to 28.95°

Index ranges h −29 to 29, k −13 to 13, l −23 to 23

Completeness to θ = 26.00° 99.9 %

Intensity decay 0%

Reflections collected 33124

Independent reflections 9267 (Rint = 0.0191)
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Reflections with F2>2σ 8050

Absorption correction semi-empirical from equivalents

Min. and max. transmission 0.278 and 0.610

Structure solution direct methods

Refinement method Full-matrix least-squares on F2

Weighting parameters a, b 0.0315, 1.3635

Data / restraints / parameters 9267 / 0 / 473

Final R indices [F2>2σ] R1 = 0.0249, wR2 = 0.0603

R indices (all data) R1 = 0.0322, wR2 = 0.0632

Goodness-of-fit on F2 1.033

Largest and mean shift/su 0.001 and 0.000

Largest diff. peak and hole 0.513 and −0.402 e Å−3
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Table 2.  Atomic coordinates and equivalent isotropic displacement parameters (Å2)

for imidoyl selanide 21.  Ueq is defined as one third of the trace of the orthogonalized Uij tensor.

     x      y      z      Ueq

N(1) 0.46367(5)  −0.00738(11) 0.24855(7) 0.0228(2)

C(1) 0.50039(6)  −0.00047(14) 0.32928(9) 0.0222(3)

C(2) 0.50219(6)  −0.10584(13) 0.38006(8) 0.0221(3)

C(3) 0.54341(7)  −0.10356(15) 0.45764(9) 0.0261(3)

C(4) 0.58202(7) 0.00122(16) 0.48401(9) 0.0295(3)

C(5) 0.57967(7) 0.10558(15) 0.43335(9) 0.0296(3)

C(6) 0.53940(7) 0.10532(14) 0.35650(9) 0.0266(3)

C(7) 0.41763(6) 0.06584(13) 0.21905(8) 0.0207(3)

C(8) 0.38072(6) 0.05370(13) 0.13144(8) 0.0215(3)

C(9) 0.42038(7)  −0.00651(15) 0.08035(9) 0.0280(3)

C(10) 0.32132(6)  −0.02366(14) 0.12628(8) 0.0216(3)

C(11) 0.26195(7) 0.02538(15) 0.08938(8) 0.0255(3)

C(12) 0.20928(7)  −0.04954(17) 0.08578(9) 0.0311(3)

N(2) 0.21149(6)  −0.16827(14) 0.11501(8) 0.0328(3)

C(13) 0.26879(7)  −0.21482(16) 0.15005(10) 0.0317(3)

C(14) 0.32443(7)  −0.14743(14) 0.15750(9) 0.0260(3)

Se(1) 0.388348(7) 0.187921(16) 0.286448(9) 0.02878(5)

C(15) 0.32179(6) 0.27894(13) 0.21185(8) 0.0226(3)

C(16) 0.26029(7) 0.26405(14) 0.21712(9) 0.0263(3)

C(17) 0.21219(7) 0.33699(16) 0.16864(9) 0.0306(3)

C(18) 0.22510(8) 0.42442(15) 0.11504(10) 0.0321(3)

C(19) 0.28628(8) 0.43926(15) 0.10993(9) 0.0298(3)

C(20) 0.33480(7) 0.36726(14) 0.15820(9) 0.0262(3)

C(21) 0.46269(6)  −0.21626(14) 0.35445(9) 0.0238(3)

C(22) 0.43189(7)  −0.31137(14) 0.33829(9) 0.0271(3)

C(23) 0.39549(9)  −0.42915(17) 0.31746(12) 0.0397(4)

N(3) 0.04651(5) 0.22986(12) 0.25785(7) 0.0240(2)

C(24) 0.01317(6) 0.21754(14) 0.17589(9) 0.0242(3)
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C(25) 0.01097(6) 0.32214(14) 0.12422(9) 0.0237(3)

C(26)  −0.02531(7) 0.31219(15) 0.04418(9) 0.0290(3)

C(27)  −0.05854(8) 0.20188(17) 0.01628(10) 0.0374(4)

C(28)  −0.05669(8) 0.10002(17) 0.06852(10) 0.0398(4)

C(29)  −0.02169(7) 0.10739(16) 0.14777(10) 0.0317(3)

C(30) 0.09170(6) 0.15660(13) 0.29119(8) 0.0209(3)

C(31) 0.12579(7) 0.17429(14) 0.37941(8) 0.0229(3)

C(32) 0.08171(8) 0.22920(17) 0.42593(10) 0.0330(3)

C(33) 0.18366(6) 0.25761(14) 0.38683(8) 0.0226(3)

C(34) 0.24380(7) 0.21143(16) 0.42304(9) 0.0283(3)

C(35) 0.29511(7) 0.29182(18) 0.43022(9) 0.0350(4)

N(4) 0.29102(6) 0.41238(15) 0.40412(8) 0.0379(3)

C(36) 0.23301(8) 0.45477(16) 0.36817(10) 0.0346(4)

C(37) 0.17868(7) 0.38295(15) 0.35843(9) 0.0277(3)

Se(2) 0.123527(7) 0.029394(15) 0.229677(8) 0.02689(5)

C(38) 0.18194(7)  −0.06633(13) 0.31148(8) 0.0228(3)

C(39) 0.24447(7)  −0.07311(15) 0.31022(10) 0.0291(3)

C(40) 0.28622(8)  −0.15042(17) 0.36551(11) 0.0395(4)

C(41) 0.26604(9)  −0.21715(17) 0.42255(11) 0.0455(5)

C(42) 0.20373(9)  −0.20955(16) 0.42427(10) 0.0407(4)

C(43) 0.16112(7)  −0.13636(15) 0.36777(9) 0.0295(3)

C(44) 0.04460(7) 0.43848(14) 0.15233(9) 0.0253(3)

C(45) 0.07187(7) 0.53673(14) 0.17323(9) 0.0279(3)

C(46) 0.10444(9) 0.65710(16) 0.20091(11) 0.0388(4)
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Table 3.   Bond lengths [Å] and angles [°] for imidoyl selanide 21.

N(1)–C(7) 1.2644(18) N(1)–C(1) 1.4173(18)

C(1)–C(6) 1.402(2) C(1)–C(2) 1.403(2)

C(2)–C(3) 1.4059(19) C(2)–C(21) 1.442(2)

C(3)–C(4) 1.386(2) C(4)–C(5) 1.392(2)

C(5)–C(6) 1.388(2) C(7)–C(8) 1.5229(19)

C(7)–Se(1) 1.9544(14) C(8)–C(10) 1.5225(19)

C(8)–C(9) 1.539(2) C(10)–C(11) 1.392(2)

C(10)–C(14) 1.396(2) C(11)–C(12) 1.389(2)

C(12)–N(2) 1.336(2) N(2)–C(13) 1.338(2)

C(13)–C(14) 1.391(2) Se(1)–C(15) 1.9258(14)

C(15)–C(20) 1.394(2) C(15)–C(16) 1.394(2)

C(16)–C(17) 1.390(2) C(17)–C(18) 1.387(2)

C(18)–C(19) 1.386(2) C(19)–C(20) 1.389(2)

C(21)–C(22) 1.194(2) C(22)–C(23) 1.460(2)

N(3)–C(30) 1.2662(18) N(3)–C(24) 1.4188(18)

C(24)–C(29) 1.397(2) C(24)–C(25) 1.405(2)

C(25)–C(26) 1.406(2) C(25)–C(44) 1.439(2)

C(26)–C(27) 1.381(2) C(27)–C(28) 1.391(2)

C(28)–C(29) 1.385(2) C(30)–C(31) 1.5226(19)

C(30)–Se(2) 1.9502(14) C(31)–C(33) 1.5225(19)

C(31)–C(32) 1.534(2) C(33)–C(37) 1.392(2)

C(33)–C(34) 1.393(2) C(34)–C(35) 1.389(2)

C(35)–N(4) 1.333(2) N(4)–C(36) 1.339(2)

C(36)–C(37) 1.386(2) Se(2)–C(38) 1.9198(14)

C(38)–C(39) 1.389(2) C(38)–C(43) 1.394(2)

C(39)–C(40) 1.394(2) C(40)–C(41) 1.379(3)

C(41)–C(42) 1.387(3) C(42)–C(43) 1.390(2)

C(44)–C(45) 1.195(2) C(45)–C(46) 1.463(2)

C(7)–N(1)–C(1) 123.46(12) C(6)–C(1)–C(2) 119.74(13)

C(6)–C(1)–N(1) 120.52(13) C(2)–C(1)–N(1) 119.45(12)
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C(1)–C(2)–C(3) 119.24(13) C(1)–C(2)–C(21) 121.45(13)

C(3)–C(2)–C(21) 119.31(13) C(4)–C(3)–C(2) 120.68(14)

C(3)–C(4)–C(5) 119.67(14) C(6)–C(5)–C(4) 120.63(14)

C(5)–C(6)–C(1) 120.04(14) N(1)–C(7)–C(8) 120.54(12)

N(1)–C(7)–Se(1) 120.83(11) C(8)–C(7)–Se(1) 118.47(9)

C(10)–C(8)–C(7) 108.83(11) C(10)–C(8)–C(9) 111.40(11)

C(7)–C(8)–C(9) 111.98(11) C(11)–C(10)–C(14) 117.42(13)

C(11)–C(10)–C(8) 121.41(13) C(14)–C(10)–C(8) 121.16(13)

C(12)–C(11)–C(10) 119.11(15) N(2)–C(12)–C(11) 124.19(15)

C(12)–N(2)–C(13) 116.26(13) N(2)–C(13)–C(14) 124.14(15)

C(13)–C(14)–C(10) 118.87(14) C(15)–Se(1)–C(7) 103.65(6)

C(20)–C(15)–C(16) 119.86(13) C(20)–C(15)–Se(1) 121.15(11)

C(16)–C(15)–Se(1) 118.73(11) C(17)–C(16)–C(15) 119.85(14)

C(18)–C(17)–C(16) 120.28(14) C(19)–C(18)–C(17) 119.82(14)

C(18)–C(19)–C(20) 120.47(15) C(19)–C(20)–C(15) 119.72(14)

C(22)–C(21)–C(2) 175.46(16) C(21)–C(22)–C(23) 178.42(17)

C(30)–N(3)–C(24) 122.27(13) C(29)–C(24)–C(25) 119.79(13)

C(29)–C(24)–N(3) 120.80(13) C(25)–C(24)–N(3) 119.17(13)

C(24)–C(25)–C(26) 118.95(13) C(24)–C(25)–C(44) 120.98(13)

C(26)–C(25)–C(44) 120.06(13) C(27)–C(26)–C(25) 120.94(14)

C(26)–C(27)–C(28) 119.39(15) C(29)–C(28)–C(27) 120.95(15)

C(28)–C(29)–C(24) 119.95(14) N(3)–C(30)–C(31) 119.99(13)

N(3)–C(30)–Se(2) 121.20(11) C(31)–C(30)–Se(2) 118.62(10)

C(33)–C(31)–C(30) 109.25(11) C(33)–C(31)–C(32) 112.31(12)

C(30)–C(31)–C(32) 111.24(12) C(37)–C(33)–C(34) 117.35(14)

C(37)–C(33)–C(31) 121.55(13) C(34)–C(33)–C(31) 121.09(13)

C(35)–C(34)–C(33) 119.11(15) N(4)–C(35)–C(34) 124.20(15)

C(35)–N(4)–C(36) 116.03(14) N(4)–C(36)–C(37) 124.43(16)

C(36)–C(37)–C(33) 118.86(15) C(38)–Se(2)–C(30) 102.71(6)

C(39)–C(38)–C(43) 120.14(14) C(39)–C(38)–Se(2) 119.15(11)

C(43)–C(38)–Se(2) 120.52(11) C(38)–C(39)–C(40) 119.61(16)

C(41)–C(40)–C(39) 120.28(16) C(40)–C(41)–C(42) 120.12(16)

C(41)–C(42)–C(43) 120.18(17) C(42)–C(43)–C(38) 119.60(15)
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C(45)–C(44)–C(25) 177.87(16) C(44)–C(45)–C(46) 178.25(17)
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Table 4.   Hydrogen coordinates and isotropic displacement parameters (Å2) for imidoyl selanide 21.

     x      y      z      U

H(3) 0.5448  −0.1745 0.4923 0.031

H(4) 0.6099 0.0018 0.5364 0.035

H(5) 0.6059 0.1777 0.4516 0.036

H(6) 0.5383 0.1769 0.3223 0.032

H(8) 0.3679 0.1415 0.1103 0.026

H(9A) 0.4567 0.0483 0.0820 0.042

H(9B) 0.3947  −0.0149 0.0249 0.042

H(9C) 0.4350  −0.0913 0.1016 0.042

H(11) 0.2575 0.1090 0.0670 0.031

H(12) 0.1691  −0.0140 0.0609 0.037

H(13) 0.2717  −0.2992 0.1712 0.038

H(14) 0.3639  −0.1850 0.1834 0.031

H(16) 0.2513 0.2042 0.2538 0.032

H(17) 0.1703 0.3269 0.1723 0.037

H(18) 0.1921 0.4740 0.0819 0.038

H(19) 0.2951 0.4991 0.0731 0.036

H(20) 0.3767 0.3781 0.1547 0.031

H(23A) 0.3639  −0.4180 0.2660 0.060

H(23B) 0.3744  −0.4488 0.3590 0.060

H(23C) 0.4237  −0.4997 0.3134 0.060

H(26)  −0.0270 0.3823 0.0088 0.035

H(27)  −0.0824 0.1956  −0.0381 0.045

H(28)  −0.0798 0.0243 0.0496 0.048

H(29)  −0.0214 0.0376 0.1830 0.038

H(31) 0.1403 0.0882 0.4023 0.027

H(32A) 0.1052 0.2425 0.4820 0.050

H(32B) 0.0472 0.1690 0.4233 0.050

H(32C) 0.0646 0.3111 0.4022 0.050

H(34) 0.2496 0.1261 0.4426 0.034



S26

26

H(35) 0.3357 0.2588 0.4553 0.042

H(36) 0.2288 0.5398 0.3480 0.042

H(37) 0.1387 0.4186 0.3328 0.033

H(39) 0.2587  −0.0253 0.2719 0.035

H(40) 0.3288  −0.1572 0.3639 0.047

H(41) 0.2949  −0.2684 0.4607 0.055

H(42) 0.1901  −0.2545 0.4642 0.049

H(43) 0.1181  −0.1341 0.3675 0.035

H(46A) 0.0735 0.7261 0.1957 0.058

H(46B) 0.1332 0.6772 0.1684 0.058

H(46C) 0.1284 0.6486 0.2572 0.058
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Table 5.  Torsion angles [°] for imidoyl selanide 21.

C(7)–N(1)–C(1)–C(6)  −68.20(19) C(7)–N(1)–C(1)–C(2) 117.92(15)

C(6)–C(1)–C(2)–C(3)  −0.2(2) N(1)–C(1)–C(2)–C(3) 173.75(12)

C(6)–C(1)–C(2)–C(21) 179.78(13) N(1)–C(1)–C(2)–C(21)  −6.3(2)

C(1)–C(2)–C(3)–C(4)  −0.1(2) C(21)–C(2)–C(3)–C(4) 179.97(13)

C(2)–C(3)–C(4)–C(5) 0.4(2) C(3)–C(4)–C(5)–C(6)  −0.5(2)

C(4)–C(5)–C(6)–C(1) 0.2(2) C(2)–C(1)–C(6)–C(5) 0.1(2)

N(1)–C(1)–C(6)–C(5)  −173.77(13) C(1)–N(1)–C(7)–C(8) 179.36(12)

C(1)–N(1)–C(7)–Se(1)  −5.30(19) N(1)–C(7)–C(8)–C(10) 98.79(15)

Se(1)–C(7)–C(8)–C(10)  −76.67(13) N(1)–C(7)–C(8)–C(9)  −24.81(18)

Se(1)–C(7)–C(8)–C(9) 159.73(10) C(7)–C(8)–C(10)–C(11) 123.28(14)

C(9)–C(8)–C(10)–C(11)  −112.77(15) C(7)–C(8)–C(10)–C(14)  −57.61(17)

C(9)–C(8)–C(10)–C(14) 66.33(17) C(14)–C(10)–C(11)–C(12) 0.4(2)

C(8)–C(10)–C(11)–C(12) 179.53(13) C(10)–C(11)–C(12)–N(2)  −0.8(2)

C(11)–C(12)–N(2)–C(13) 0.4(2) C(12)–N(2)–C(13)–C(14) 0.2(2)

N(2)–C(13)–C(14)–C(10)  −0.5(2) C(11)–C(10)–C(14)–C(13) 0.2(2)

C(8)–C(10)–C(14)–C(13)  −178.95(13) N(1)–C(7)–Se(1)–C(15) 177.09(11)

C(8)–C(7)–Se(1)–C(15)  −7.46(11) C(7)–Se(1)–C(15)–C(20)  −72.43(12)

C(7)–Se(1)–C(15)–C(16) 113.44(11) C(20)–C(15)–C(16)–C(17) 0.2(2)

Se(1)–C(15)–C(16)–C(17) 174.46(11) C(15)–C(16)–C(17)–C(18) 0.0(2)

C(16)–C(17)–C(18)–C(19)  −0.1(2) C(17)–C(18)–C(19)–C(20)  −0.1(2)

C(18)–C(19)–C(20)–C(15) 0.4(2) C(16)–C(15)–C(20)–C(19)  −0.4(2)

Se(1)–C(15)–C(20)–C(19)  −174.51(11) C(1)–C(2)–C(21)–C(22) 179(100)

C(3)–C(2)–C(21)–C(22)  −2(2) C(2)–C(21)–C(22)–C(23)  −94(7)

C(30)–N(3)–C(24)–C(29) 63.9(2) C(30)–N(3)–C(24)–C(25)  −121.66(15)

C(29)–C(24)–C(25)–C(26)  −1.6(2) N(3)–C(24)–C(25)–C(26)  −176.14(13)

C(29)–C(24)–C(25)–C(44) 177.76(14) N(3)–C(24)–C(25)–C(44) 3.2(2)

C(24)–C(25)–C(26)–C(27) 0.2(2) C(44)–C(25)–C(26)–C(27)  −179.22(15)

C(25)–C(26)–C(27)–C(28) 0.9(3) C(26)–C(27)–C(28)–C(29)  −0.5(3)

C(27)–C(28)–C(29)–C(24)  −1.0(3) C(25)–C(24)–C(29)–C(28) 2.0(2)

N(3)–C(24)–C(29)–C(28) 176.46(15) C(24)–N(3)–C(30)–C(31) 180.00(12)

C(24)–N(3)–C(30)–Se(2) 5.13(19) N(3)–C(30)–C(31)–C(33)  −94.79(15)
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Se(2)–C(30)–C(31)–C(33) 80.21(13) N(3)–C(30)–C(31)–C(32) 29.76(18)

Se(2)–C(30)–C(31)–C(32)  −155.24(10) C(30)–C(31)–C(33)–C(37) 61.47(17)

C(32)–C(31)–C(33)–C(37)  −62.46(18) C(30)–C(31)–C(33)–C(34)  −119.06(14)

C(32)–C(31)–C(33)–C(34) 117.01(15) C(37)–C(33)–C(34)–C(35) 1.0(2)

C(31)–C(33)–C(34)–C(35)  −178.47(13) C(33)–C(34)–C(35)–N(4)  −0.3(2)

C(34)–C(35)–N(4)–C(36)  −0.8(2) C(35)–N(4)–C(36)–C(37) 1.3(2)

N(4)–C(36)–C(37)–C(33)  −0.6(2) C(34)–C(33)–C(37)–C(36)  −0.6(2)

C(31)–C(33)–C(37)–C(36) 178.90(14) N(3)–C(30)–Se(2)–C(38)  −172.38(11)

C(31)–C(30)–Se(2)–C(38) 12.68(11) C(30)–Se(2)–C(38)–C(39)  −121.35(12)

C(30)–Se(2)–C(38)–C(43) 63.60(13) C(43)–C(38)–C(39)–C(40) 0.1(2)

Se(2)–C(38)–C(39)–C(40)  −175.00(11) C(38)–C(39)–C(40)–C(41)  −1.8(2)

C(39)–C(40)–C(41)–C(42) 1.2(3) C(40)–C(41)–C(42)–C(43) 1.0(3)

C(41)–C(42)–C(43)–C(38)  −2.7(2) C(39)–C(38)–C(43)–C(42) 2.1(2)

Se(2)–C(38)–C(43)–C(42) 177.15(12) C(24)–C(25)–C(44)–C(45) 178(100)

C(26)–C(25)–C(44)–C(45)  −2(4) C(25)–C(44)–C(45)–C(46) 132(6)


