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General Experimental: Proton nuclear magnetic resonance ('H-NMR) spectra were recorded on a Bruker Avance
300 spectrometer at 300 MHz. Carbon-13 nuclear magnetic resonance ("C-NMR) was recorded on a Bruker
Avance 300 spectrometer at 75 MHz. Chemical shifts are reported as & values in parts per million (ppm) relative to
tetramethylsilane (TMS) for all recorded NMR spectra. Low-resolution Mass spectra were recorded on a VG Auto
Spec-3000 magnetic sector MS spectrometer. High Resolution Mass spectra were taken on an AB QSTAR Pulsar
mass spectrometer. Starting materials and reagents used in reactions were obtained commercially from Acros,

Aldrich, Fluka and were used without purification, unless otherwise indicated.

General procedure for the synthesis of spirocyclic azetidinones, copper sulphate penthydrate catalyzed

coupling:

To a solution of amide (1.0 mmol) in anhydrous ethanol (50 mL) was added copper (II) sulfate pentahydrate
(CuSO4*5H,0, 13 mg, 0.05 mmol, 0.05 eq.) and DMAP (4-Dimethylaminopyridine, 7 mg, 0.06 mmol, 0.06 eq.).
The resulting solution was stirred at 0 °C for 10 minutes. To this mixture, IBD (iodobenzene diacetate, 387 mg, 1.20
mmol, 1.2 eq.) was added in one portion at 0°C. After stirring at 0 °C for 1 hour, the reaction mixture was
concentrated and the residue was diluted with ethyl acetate (50 mL) and washed with water (10 mL) and brine (15
mL). The organic phase was then dried over anhydrous sodium sulfate. After filtration and removal of the solvent,
the crude products were chromatographed on silica gel (Petroleum ether 60-90 °C: ethyl acetate = 2:1) to provide

azetidinones 5a-5s, 13a-13h, 15a-15f and 17a-17b (yields: 71-96%).

3-acetyl-1-benzyl-1-azaspiro[3.5]nona-5,8-
diene-2,7-dione

C17H15NO3 Mol. Wt.: 281.31
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5a: yellow syrup, Yield: 85%. 'H-NMR (300MHz, CDCls), & (ppm): 7.24-7.03 (5H, m), 6.65 (1H, dd, J=2.1, 10.0
Hz), 6.49 (1H, dd, J=3.0, 10.0 Hz), 6.18-6.10 (2H, m), 4.27 (1H, s), 4.23 (1H, d, J=15.1 Hz), 4.18 (1H, d, J= 15.1
Hz), 2.16 (3H, 5). *C-NMR (75MHz, CDCls), & (ppm): 197.94, 184.34, 161.48, 146.09, 144.69, 134.92, 131.75,
131.62, 128.91, 128.82, 128.39, 70.78, 58.23, 45.59, 30.70. EIMS m/z (%) : 281 (M", 6%), 254 (3), 251 (4), 238
(8), 226 (4), 199 (18), 198 (12), 162 (3), 133 (4), 121 (12), 91 (100), 77 (6), 65 (12). HRMSm/z Found: 281.1056,
Calcd. for Cj7H sNO;3 (M)': 281.1052.

3-acetyl-1-(4-methoxybenzyl)-1-
azaspiro[3.5]nona-5,8-diene-2,7-dione

C18H17NO4 Mol. Wt.: 311.31

5b

5b: yellow syrup, Yield: 82%. 'H-NMR (300MHz, CDCl), 8 (ppm): 7.08 (2H, dd, J=1.9, 8.4 Hz), 6.79 (2H, dd, J
=1.9, 8.4 Hz), 6.73 (1H, dd, J= 3.0, 10.2 Hz), 6.58 (1H, dd, J= 3.0, 10.0 Hz), 6.27 (1H, dd, J= 2.1, 10.0 Hz), 6.24
(1H, dd, J=2.1, 10.2 Hz), 4.34 (1H, s), 4.26 (1H, d, J=15.0 Hz), 4.23 (1H, dd, J= 15.0 Hz), 3.77 (3H, ), 2.24 (3H,
s). ®C-NMR (75MHz, CDCly), 8 (ppm): 197.97, 184.35, 161.30, 159.63, 146.23, 144.82, 131.61, 131.46, 130.30,
126.97, 114.12, 70.64, 58.08, 55.25, 44.96, 30.67. EIMSm/z (%) : 313 (M'+2, 35%), 311 (M", 52%), 271 (12),
268 (16), 240 (6), 229 (51), 227 (56), 212 (14), 204 (13), 183 (16), 176 (12), 163 (65), 162 (59), 149 (53), 136 (66),
121 (100), 120 (81), 105 (36), 91 (74), 77 (90), 65 (51). HRMS vz Found: 311.1151, Calcd. for C;gH;7NO4 (M)
311.1158.

3-acetyl-1-(furan-2-ylmethyl)-1-
azaspiro[3.5]nona-5,8-diene-2,7-dione

C15H13NO4 Mol. Wt.: 271.27

5c¢: pale yellow oil, Yield: 80%. 'H-NMR (300MHz, CDCl;), 8 (ppm): 7.30 (1H, d, J=3.5 Hz), 6.77 (1H, dd, J =
2.8,10.1 Hz), 6.63 (1H, dd, J=2.9, 10.0 Hz), 6.38-6.22 (3H, m), 6.18 (1H, d, J= 2.5 Hz), 4.37 (1H, d, J= 15.6 Hz),
434 (1H, 9), 429 (1H, d, J= 15.6 Hz), 2.26 3H, 5). *C-NMR (75MHz, CDCls), & (ppm): 197.86, 184.38, 161.24,
147.42, 145.63, 144.23, 142.68, 131.66, 131.49, 110.82, 110.34, 70.59, 57.94, 37.47, 30.62. EIMS m/z (%) : 273
(M*42, 46%), 271 (M*, 52%), 243 (14), 230 (30), 228 (37), 204 (48), 188 (77), 172 (21), 161 (48), 149 (79), 148
(77), 133 (81), 120 (82), 105 (48), 96 (40), 91 (49), 81 (100), 77 (65), 68 (44). HRMS mVz Found: 271.0844, Calcd.
for C;sH;3NO4 (M)": 271.0845.



Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2011

3-acetyl-1-isobutyl-1-azaspiro[3.5]nona-5,8-
diene-2,7-dione

C14H17NO3 Mol. Wt.: 247 29

5d: brown oil, Yield: 84%. 'H-NMR (300MHz, CDCLy), & (ppm): 6.90 (1H, dd, J= 3.2, 10.6 Hz), 6.80 (1H, dd, J =
2.7, 10.0 Hz), 6.40-6.30 (2H, m), 4.36 (1H, s), 2.88-2.70 (2H, m), 2.19 (3H, s), 1.80-1.63 (1H, m), 0.82 (6H, d, J =
6.6 Hz). ®C-NMR (75MHz, CDCl;), & (ppm): 198.20, 184.22, 162.29, 146.49, 145.09, 132.09, 70.44, 57.96, 49.44,
30.63,27.79,20.07. EIMSmMz (%) : 247 (M", 13%), 205 (11), 204 (16), 176 (8), 168 (13), 165 (37), 148 (12), 134
(15), 122 (100), 121 (32), 105 (17), 84 (16), 69 (22), 57 (30). HRMS m/z Found: 247.1213, Calcd. for Ci4H;7NO;
(M)": 247.1208.

3-acetyl-1-(2-chlorobenzyl)-1-azaspiro[3.5]nona-
5,8-diene-2,7-dione

C47H14CINO3 Mol. Wt.: 315.75

5e: pale yellow syrup, Yield: 87%. *H-NMR (300MHz, CDCls), & (ppm): 7.28-7.04 (4H, m), 6.66 (1H, dd, J = 3.0,
10.0 Hz), 6.53 (1H, dd, J=3.0, 10.0 Hz), 6.14 (1H, dd, J= 1.8, 10.2 Hz), 6.10 (1H, dd, J= 1.8, 10.2 Hz), 4.43 (1H,
d, J=15.0 Hz), 4.35 (1H, d, J = 15.0 Hz), 4.30 (1H, s), 2.17 (3H, 5). *C-NMR (75MHz, CDCl3), § (ppm): 198.02,
184.27, 161.35, 145.79, 144.38, 134.06, 132.13, 131.78, 131.60, 131.52, 130.19, 129.78, 127.21, 70.67, 58.12,
43.12,30.74. EIMS Mz (%) : 317 (M, 9%), 315 (M", 16%), 282 (9), 280 (10), 235 (26), 233 (54), 232 (27), 190
(11), 167 (10), 148 (7), 140 (12), 127 (51), 125 (100), 108 (33), 89 (27), 87 (28), 77 (16). HRMS nv¥z Found:
315.0662, Calcd. for C17H;2NO5Cl (M)": 315.0662.

3-acetyl-1-phenyl-1-azaspiro[3.5]nona-5,8-
diene-2,7-dione

C16H13NO3 Mol. Wt.: 267.28
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5f: pale yellow powder, m.p.: 132-133 °C. Yield: 85%. '"H-NMR (300MHz, CDCl;), & (ppm): 7.40-7.22 (4H, m),
7.20-7.08 (2H, m), 7.01 (1H, dd, J= 3.0, 10.2 Hz), 6.59 (1H, dd, J= 2.1, 10.2 Hz), 6.57 (1H, dd, J= 2.1, 10.2 Hz),
4.49 (1H, s), 2.33 (3H, 5). ®*C-NMR (75MHz, CDCl3), & (ppm): 197.29, 184.00, 158.91, 146.80, 145.54, 137.17,
132.73, 132.62, 129.42, 125.35, 116.62, 70.38, 58.59, 30.94. EIMS Mz (%) : 269 (M'+2, 16%), 267 (M", 50%),
227 (28), 225 (37), 212 (30), 197 (32), 183 (45), 182 (34), 167 (23), 154 (46), 148 (26), 134 (29), 133 (57), 119
(100), 105 (36), 103 (44), 93 (58), 91 (66), 77 (78), 69 (27). HRMS nVz Found: 267.0896, Calcd. for CsH;3NO;
(M)": 267.0895.

3-benzoyl-1-benzyl-1-azaspiro[3.5]nona-5,8-
diene-2,7-dione

C22H17NO3 Mol. Wt.: 343.38

5g: pale yellow plates, m.p.: 130-132 °C. Yield: 92%. *H-NMR (300MHz, CDCl;), & (ppm): 7.73 (2H, d, J= 7.5
Hz), 7.56 (1H, t, J= 7.2 Hz), 7.49-7.18 (7H, m), 6.77 (1H, dd, J = 3.0, 10.0 Hz), 6.68 (1H, dd, J = 3.0, 10.0 Hz),
6.32 (1H, dd, J = 2.1, 10.0 Hz), 6.07 (1H, dd, J = 2.0, 10.0 Hz), 5.07 (1H, s), 4.38 (2H, ). *C-NMR (75MHz,
CDCly), 6 (ppm): 190.74, 183.96, 161.44, 146.31, 144.27, 135.59, 135.04, 134.41, 132.40, 132.15, 128.97, 128.85,
128.38, 67.00, 58.44, 45.73. EIMSmM/z (%) : 345 (M'+2, 48%), 343 (M, 81%), 315 (14), 302 (11), 292 (74), 291
(84), 274 (22), 263 (23), 252 (12), 238 (36), 224 (27), 211 (88), 196 (100), 183 (84), 181 (90), 168 (92), 167 (62),
154 (90), 146 (88), 133 (62), 119 (61), 106 (92), 105 (86), 92 (96), 89 (94), 78 (85), 77 (77). HRMS nvz Found:
343.1203, Calcd. for C,H;sNO5 (M) ": 343.1208.

3-benzoyl-1-(4-methoxybenzyl)-1-
azaspiro[3.5]nona-5,8-diene-2,7-dione

C23H19NO4 Mol. Wt.: 373.38

5h: brown syrup, Yield: 90%. H-NMR (300MHz, CDCls), & (ppm): 7.62 (2H, d, J = 8.4 Hz), 7.60-7.15 (3H, m),
7.04 (2H, d, J = 8.4 Hz), 6.82-6.51 (4H, m), 6.40-6.20 (1H, m), 6.12-5.92 (1H, m), 5.01 (1H, s), 4.24 (2H, s), 3.69
(3H, 5). *C-NMR (75MHz, CDCl;), & (ppm): 190.87, 184.06, 161.42, 159.63, 146.59, 144.49, 135.57, 134.37,
132.22, 131.94, 130.34, 128.93, 128.34, 127.05, 114.14, 66.75, 58.32, 55.25, 45.09. EIMSmz (%) : 375 (M'+2,
9%), 373 (M", 17%), 354 (10), 333 (20), 292 (19), 291 (28), 265 (45), 255 (9), 229 (36), 227 (43), 212 (10), 183 (9),
165 (8), 146 (29), 135 (15), 121 (100), 105 (89), 91 (20), 77 (70). HRMS nmvz Found: 373.1303, Calcd. for
Cy3HoNO, (M)": 373.1314.
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3-benzoyl-1-(furan-2-ylmethyl)-1-
azaspiro[3.5]nona-5,8-diene-2,7-dione

; CaoH1sNO, Mol. Wt.: 333.34
|

5i: pale yellow solid, m.p.: 130-131 °C. Yield: 88%. 'H-NMR (300MHz, CDCl;), & (ppm): 7.74 (2H, d, J= 7.2 Hz),
7.60-7.50 (1H, m), 7.48-7.35 (2H, m), 7.30 (1H, s), 6.81 (1H, dt, J= 2.4, 9.9 Hz), 6.74 (1H, dd, J = 2.7, 10.2 Hz),
6.36 (1H, dt, J= 1.8, 9.9 Hz), 6.27 (1H, d, J= 1.8 Hz), 6.17 (1H, ), 6.16-6.09 (1H, m), 5.05 (1H, d, J = 1.8 Hz),
4.48 (1H, dd, J = 2.7, 15.6 Hz), 4.33 (1H, d, J = 15.6 Hz). *C-NMR (75MHz, CDCls), 8 (ppm): 190.61, 184.00,
161.13, 147.55, 145.84, 143.77, 142.68, 135.57, 134.41, 132.38, 131.99, 128.96, 128.37, 110.85, 110.39, 66.81,
58.14,37.63. EIMS Mz (%) : 335 (M'+2, 27%), 333 (M, 39%), 315 (7), 292 (37), 291 (50), 268 (24), 266 (29),
238 (34), 223 (36), 212 (67), 210 (56), 189 (67), 183 (85), 181 (60), 161 (40), 153 (82), 146 (83), 133 (45), 122 (47),
105 (100), 96 (38), 89 (48), 81 (95), 77 (96). HRMSm/z Found: 333.0999, Calcd. for C,0H;sNO, (M)": 333.1001.

3-benzoyl-1-(2-chlorobenzyl)-1-
azaspiro[3.5]nona-5,8-diene-2,7-dione

. CyoH16CINO3 Mol. Wt.: 377.82
i

5j: Pale yellow foam, Yield: 86%. "H-NMR (300MHz, CDCl3), 6 (ppm): 7.73 (2H, d, J= 7.5 Hz), 7.56 (1H, t,J=
7.2 Hz), 7.48-7.15 (6H, m), 6.81 (1H, dd, J = 3.0, 10.2 Hz), 6.72 (1H, dd, J= 3.0, 10.2 Hz), 6.30 (1H, dd, J= 1.8,
10.2 Hz), 6.07 (1H, dd, J = 1.8, 10.2 Hz), 5.09 (1H, s), 4.60 (1H, d, J = 15.0 Hz), 4.51 (1H, d, J = 15.0 Hz). *C-
NMR (75MHz, CDCls), 6 (ppm): 190.71, 183.87, 161.35, 145.97, 143.92, 135.56, 134.42, 134.14, 132.50, 132.42,
132.18, 131.50, 130.10, 129.77, 128.96, 128.37, 127.26, 66.95, 58.36, 43.11. EIMSmz (%) : 379 (M, 29%), 377
(M", 34%), 358 (8), 356 (11), 344 (22), 342 (70), 315 (11), 308 (20), 292 (93), 291 (40), 272 (18), 264 (22), 263
(20), 252 (12), 238 (40), 234 (61), 232 (72), 230 (68), 212 (52), 196 (52), 183 (70), 181 (84), 167 (63), 154 (86),
146 (100), 132 (72), 126 (64), 119 (49), 106 (77), 102 (46), 89 (65), 77 (57). HRMS m/z Found: 377.0821, Calcd.
for C»,H (NO5C1 (M)": 377.0819.

3-benzoyl-1-isobutyl-1-azaspiro[3.5]nona-5,8-
diene-2,7-dione

C19H19NO3 Mol. Wt.: 309.14
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5a: colorless plates, m.p.: 112-113 °C. Yield: 96%. H-NMR (300MHz, CDCl3), & (ppm): 7.77 (2H, dd, J=1.3,7.9
Hz), 7.59 (1H, t, J= 7.4 Hz), 7.44 (2H, dd, J= 7.4, 7.9 Hz), 7.04 (1H, dd, J=2.9, 10.0 Hz), 6.92 (1H, dd, J= 2.9,
10.2 Hz), 6.54 (1H, dd, J = 2.0, 10.0 Hz), 6.28 (1H, dd, J= 2.0, 10.2 Hz), 5.11 (1H, s), 3.02 (1H, dd, J= 7.7, 14.2
Hz), 2.93 (1H, dd, J = 7.3, 14.2 Hz), 1.95-1.73 (1H, m), 0.94 (6H, t, J = 6.4 Hz). *C-NMR (75MHz, CDCls), &
(ppm): 190.97, 183.96, 162.27, 146.69, 144.68, 135.64, 134.39, 132.81, 128.97, 128.39, 66.66, 58.22, 49.71, 27.97,
20.19,20.16. EIMSmz (%) : 311 (M'+2, 8%), 309 (M, 16%), 266 (4), 238 (7), 210 (94), 189 (3), 182 (60), 181
(22), 165 (10), 163 (12), 153 (32), 148 (19), 133 (17), 122 (22), 120 (47), 105 (100), 92 (13), 91 (11), 77 (71).
HRM Sz Found: 309.1365, Calcd. for C1oH;oNO3; (M)': 309.1365.

3-benzoyl-1-phenyl-1-azaspiro[3.5]nona-5,8-
diene-2,7-dione

5 C21H15NO4 Mol. Wt.: 329.34

5l: Pale yellow foam, Yield: 80%. "H-NMR (300MHz, CDCls),  (ppm): 7.78 (2H, dd, J = 1.5, 7.4 Hz), 7.70-7.57
(1H, m), 7.53-7.24 (7H, m), 7.20-7.04 (2H, m), 6.68 (1H, dd, J= 1.8, 9.9 Hz), 6.37 (1H, dd, J= 2.1, 10.2 Hz), 5.24
(1H, s). ®C-NMR (75MHz, CDCly), & (ppm): 190.38, 183.62, 158.99, 147.21, 145.18, 137.28, 135.56, 134.68,
133.46, 133.04, 129.42, 129.11, 128.42, 125.28, 116.61, 66.28, 58.60. EIMSm/z (%) : 330 (M'+1, 39%), 329 (M,
47%), 315 (25), 301 (29), 291 (41), 272 (22), 260 (10), 251 (25), 238 (68), 224 (45), 212 (75), 210 (86), 196 (38),
185 (77), 182 (87), 154 (73), 152 (53), 134 (42), 129 (61), 119 (61), 105 (100), 93 (64), 91 (58), 77 (91). HRMS
m/z Found: 329.1050, Calcd. for C,;H;5NO; (M)+: 329.1052.

OMe

ethyl 1-(3,4-dimethoxyphenethyl)-2,7-dioxo-1-
OMe azaspiro[3.5]nona-5,8-diene-3-carboxylate
N/
PN o 5m 021H23N06 Mol. Wt.: 385.41

5m: (ref. 3a) Pale yellow syrup, Yield: 71%. "H-NMR (300MHz, CDClj), & (ppm): 6.75-6.59 (4H, m), 6.47 (1H,
dd, J=3.0,9.9 Hz), 6.30-6.21 (2H, m), 4.12 (2H, q, J= 7.2 Hz), 4.03 (1H, s), 3.81 (3H, s), 3.80 (3H, s), 3.31 (2H, 1,
J=7.2Hz),2.79 (2H,t,J=7.2 Hz), 1.18 (3H, t, J= 7.2 Hz). *C-NMR (75MHz, CDCl;), & (ppm): 183.94, 164.65,
160.81, 148.97, 147.89, 146.13, 143.67, 132.85, 131.95, 129.93, 120.68, 111.93, 111.34, 62.95, 62.00, 57.25, 55.85,
55.80, 43.29, 33.85, 13.98. EIMS Mz (%) : 386 (M™+1, 4%), 385 (M", 17%), 271 (4), 240 (3), 223 (11), 207 (2),
180 (4), 164 (84), 151 (100), 149 (7), 133 (9), 122 (6), 107 (5), 77 (3). HRMS mvVz Found: 408.1423, Calcd. for
C, H23sNOgNa (M+Na)": 408.1423.
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@ ethyl 1-benzyl-2,7-dioxo-1-azaspiro[3.5]nona-5,8-diene-3-carboxylate

N,
O / (6]
[ : - C1gH17NO,4 Mol. Wt.: 311.33
e (0]

O

5n: (ref. 3a) Dark green syrup, Yield: 74%. '"H-NMR (300MHz, CDCl3), & (ppm): 7.28-7.11 (5H, m), 6.77 (1H, dd,
J=2.7,10.5 Hz), 6.59 (1H, dd, J=2.7, 10.5 Hz), 6.22-6.14 (2H, m), 4.29 (2H, s), 4.15 (2H, q, J= 7.2 Hz), 4.14 (1H,
s), 1.19 (3H, t, J= 7.2 Hz). *C-NMR (75MHz, CDCls), & (ppm): 184.14, 164.87, 160.44, 146.21, 143.63, 135.00,
132.85, 131.81, 129.02, 128.95, 128.52, 63.63, 62.29, 57.66, 45.78, 14.18. EIMS Mz (%) : 312 (M™+1, 2%), 311

(M", 10%), 265 (16), 239 (11), 238 (35), 223 (7), 197 (19), 196 (14), 179 (51), 168 (5), 150 (36), 133 (52), 132 (39),

122 (8), 105 (11), 91 (100), 77 (16). HRMSm/z Found: 312.1240, Calcd. for C sH;sNO4 (M+H)": 312.1235.

O
< ethyl 1-(benzo[d][1,3]dioxol-5-yImethyl)-2,7-dioxo-1-
o azaspiro[3.5]nona-5,8-diene-3-carboxylate
N,
o] g o]
50 C1gH17NOg Mol. Wt.: 355.34
/\O (@]

50: (ref. 3a) Pale yellow syrup, Yield: 76%. "H-NMR (300MHz, CDCl5), 6 (ppm): 6.83 (1H, dd, J= 3.0, 9.9 Hz),
6.72-6.55 (4H, m), 6.30-6.21 (2H, m), 5.93 (2H, 9), 4.22 (2H, s), 4.18 (2H, q,J="7.2 Hz), 4.11 (1H, s), 1.24 (3H, t, J
=7.2 Hz). ®C-NMR (75MHz, CDCl;), 8 (ppm): 184.18, 164.87, 160.38, 148.18, 147.82, 146.29, 143.71, 132.83,
131.77, 128.70, 122.66, 109.20, 108.40, 101.40, 63.52, 62.30, 57.59, 45.52, 14.18. EIMS mvz (%) : 356 (M'+1,
6%), 355 (M, 28%), 281 (2), 253 (3), 241 (19), 240 (12), 207 (2), 177 (27), 150 (11), 147 (8), 135 (100), 133 (12),
119 (3), 105 (2), 77 (13). HRMSm/z Found: 378.0954, Calcd. for C;oH;7NOgNa (M+Na)': 378.0953.

1-benzyl-3-propionyl-1-azaspiro[3.5]nona-5,8-
diene-2,7-dione

C18H17NO3 Mol. Wt.: 295.33
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5p: yellow oil, Yield: 82%. *H-NMR (300MHz, CDCLy), § (ppm): 7.42-7.13 (SH, m), 6.76 (1H, dd, J = 3.0, 9.9 Hz),
6.57 (1H, dd, J = 3.0, 9.9 Hz), 6.26 (1H, dd, J= 1.8, 10.2 Hz), 6.22 (1H, dd, J= 1.8, 10.2 Hz), 4.34 (1H, d, J = 14.7
Hz), 433 (1H, ), 429 (1H, d, J = 14.7 Hz), 2.74-2.36 (2H, m), 1.04 3H, t, J = 7.2 Hz). *C-NMR (75MHz,
CDCly), & (ppm): 200.87, 184.38, 161.56, 146.21, 144.76, 134.98, 131.82, 131.69, 128.98, 128.89, 128.46, 70.00,
58.17, 45.68, 37.16, 7.02. +TOF MSmz(%) : 318 (M™+Na, 100%), 296 (M'+H, 84%), 279 (22), 240 (5), 220 (2),
198 (11), 163 (30), 123 (19). HRMSm/z Found: 296.1278, Calcd. for C,sH;sNO; (M+H)': 296.1286.

1-benzyl-3-butyryl-1-azaspiro[3.5]nona-5,8-
diene-2,7-dione

C19H19NO3 Mol. Wt.: 309.36

5q: pale yellow syrup, Yield: 81%. *H-NMR (300MHz, CDCl3), 8 (ppm): 7.42-7.14 (5H, m), 6.76 (1H, dd, J = 3.0,
9.9 Hz), 6.57 (1H, dd, J=3.0, 9.9 Hz), 6.25 (1H, dd, J= 2.1, 10.0 Hz), 6.22 (1H, dd, J= 2.1, 10.0 Hz), 4.37 (2H, 9),
430 (1H, ), 2.63-2.32 (2H, m), 1.69-1.51 (2H, m), 0.90 (3H, t, J= 7.2 Hz). *C-NMR (75MHz, CDCl;), & (ppm):
200.44, 184.40, 161.57, 146.24, 144.80, 135.00, 131.81, 128.98, 128.89, 128.46, 70.13, 58.19, 45.65, 16.42, 13.56.
+TOF MSmz (%) : 332 (M'+Na, 33%), 310 (M'+H, 100%), 288 (12), 274 (20), 240 (9), 198 (22), 177 (60), 149
(29). HRMS vz Found: 310.1435, Calcd. for C;oHyNOs (M+H)": 310.1443.

(E)-1-benzyl-3-but-2-enoyl-1-azaspiro[3.5]nona-
5,8-diene-2,7-dione

C19H17NO3 Mol. Wt.: 307.34

5r: yellow oil, Yield: 85%. *H-NMR (300MHz, CDCls), & (ppm): 7.36-7.14 (5H, m), 6.89-6.70 (1H, m), 6.69 (1H,
d, J=3.0, 10.2 Hz), 6.63 (1H, dd, J = 3.0, 10.2 Hz), 6.27-6.20 (2H, m), 6.18 (1H, dd, J = 1.5, 15.6 Hz), 4.54 (1H, 9),
436 (1H, d, J=15.6 Hz), 4.28 (1H, d, J= 15.6 Hz), 1.89 (3H, dd, J = 1.5, 6.9 Hz). *C-NMR (75MHz, CDCl;), &
(ppm): 189.67, 184.26, 161.67, 147.08, 146.35, 144.73, 135.00, 132.00, 131.74, 131.06, 128.94, 128.82, 128.37,
67.86, 58.21, 45.63, 18.64. +TOF MSm/z (%) : 330 (M'+Na, 87%), 308 (M'+H, 100%), 279 (69), 205 (7), 198
(12), 175 (29), 160 (1), 149 (98), 133 (3), 123 (32), 119 (5). HRMS mvz Found: 308.1282, Calcd. for C;oH;sNO;
(M+H)": 308.1286.



Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2011

1-benzyl-3-hexanoyl-1-azaspiro[3.5]nona-5,8-
diene-2,7-dione

C21 H23NO3 Mol. Wt.: 337 .41

5s: yellow oil, Yield: 82%. H-NMR (300MHz, CDCls), & (ppm): 7.37-7.24 (3H, m), 7.22-7.13 (2H, m), 6.75 (1H,
dd, J=3.0, 10.2 Hz), 6.56 (1H, dd, J= 3.0, 9.9 Hz), 6.26 (1H, dd, J= 2.1, 10.2 Hz), 6.22 (1H, dd, J= 2.1, 9.9 Hz),
4.34 (1H, d, J=15.0 Hz), 4.31 (1H, ), 4.27 (1H, d, J= 15.0 Hz), 2.66-2.35 (2H, m), 1.62-1.48 (2H, m), 1.39-1.19
(4H, m), 0.89 (3H, t, J= 7.2 Hz). *C-NMR (75MHz, CDCl;), 8 (ppm): 200.59, 184.44, 161.61, 146.25, 144.85,
135.05, 131.85, 131.75, 129.04, 128.95, 128.51, 70.22, 58.25, 45.72, 43.82, 31.14, 22.65, 22.44, 13.92. +TOF MS
m'z (%) : 360 (M'+Na, 6%), 338 (M"+H, 10%), 301 (5), 279 (3), 240 (1), 205 (4), 198 (3), 163 (1), 123 (100), 107
(2). HRM Sz Found: 338.1755, Calcd. for C;;Hp4NO3 (M+H)+: 338.1756.

azaspirocyclic compound 13a

C19H17NO3 Mol. Wt.: 307.34

13a: yellow syrup, Yield: 87%. H-NMR (300MHz, CDCl;), 6 (ppm): 7.35-7.10 (6H, m), 6.52 (1H, dd, J = 3.0,
10.2 Hz), 6.26 (1H, dd, J=2.0, 10.2 Hz), 6.16 (1H, dd, J=2.0, 10.2 Hz), 4.34 (2H, s), 2.53-2.30 (2H, m), 2.23-2.00
(3H, m), 1.95-1.80 (1H, m). *C-NMR (75MHz, CDCls), & (ppm): 210.76, 184.11, 156.22, 145.73, 144.98, 135.00,
132.45, 131.59, 128.86, 128.83, 128.34, 75.67, 60.71, 45.55, 38.07, 28.68, 19.59. EIMS m/z (%) : 309 (M'+2,
36%), 307 (M, 60%), 279 (11), 278 (6), 252 (48), 239 (13), 222 (6), 210 (7), 199 (59), 197 (52), 188 (8), 174 (35),
168 (12), 161 (9), 146 (21), 132 (22), 121 (29), 110 (19), 108 (15), 91 (100), 77 (23). HRMSm/z Found: 307.1216,
Calcd. for C1oH;7NO;3 (M)": 307.1208.

azaspirocyclic compound 13b

C20H19NO4 Mol. Wt.: 337.37
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13b: yellow powder, Yield: 85%, mp: 132-133 °C. *H-NMR (300MHz, CDCLy), & (ppm): 7.10 (1H, dd, J = 2.8,
10.3 Hz), 7.03 (2H, d, J = 8.5 Hz), 6.73 (2H, d, J = 8.5 Hz), 6.46 (1H, dd, J = 2.9, 10.2 Hz), 6.18 (1H, dd, J = 1.8,
10.2 Hz), 6.08 (1H, dd, J= 1.8, 10.3 Hz), 4.21 (2H, ), 3.70 (3H, ), 2.45-2.21 (2H, m), 2.12-1.90 (3H, m), 1.82-1.70
(1H, m). 3C-NMR (75MHz, CDCLy), & (ppm): 210.93, 184.23, 165.15, 159.62, 145.98, 145.19, 132.23, 131.38,
130.25, 126.96, 114.12, 75.46, 60.53, 55.24, 44.93, 38.04, 28.63, 19.58. EIMSmz (%) : 337 (M, 82%), 309 (14),
281 (13), 252 (11), 247 (22), 229 (81), 217 (21), 202 (28), 189 (13), 174 (32), 161 (25), 146 (35), 135 (27), 121
(100), 109 (42), 91 (50), 77 (61). HRMSm/z Found: 337.1313, Calcd. for Co0H;oNO, (M) 337.1314.

azaspirocyclic compound 13c

C16H19NO3 Mol. Wt.: 273.33

13c: brown syrup, Yield: 82%. *H-NMR (300MHz, CDCly), & (ppm): 7.45 (1H, dd, J= 3.0, 10.2 Hz), 6.81 (1H, dd,
J=13.0,10.2 Hz), 6.49 (1H, dd, J = 2.1, 10.2 Hz), 6.36 (1H, dd, J = 2.1, 10.2 Hz), 3.06 (1H, dd, J = 8.1, 14.1 Hz),
2.80 (1H, dd, J= 6.9, 14.1 Hz), 2.60-2.30 (2H, m), 2.24-1.73 (SH, m), 0.98 (3H, d, J = 6.9 Hz), 0.94 (3H, d, J = 6.9
Hz). BC-NMR (75MHz, CDCl;), 6 (ppm): 211.17, 184.08, 165.98, 146.06, 145.33, 133.23, 131.99, 75.24, 60.52,
49.37,38.14, 28.62, 27.94, 20.14, 20.01, 19.66. +TOF MSmz (%) : 296 (M +Na, 3%), 274 (M'+H, 7%), 175 (8),
164 (100), 133 (2), 111 (4), 108 (15). HRMS m/z Found: 274.1438, Calcd. for C;sH,0NO3; (M+H)": 274.1443.

azaspirocyclic compound 13d

C19H16C|NO3 Mol. Wt.: 341.79

13d: yellow syrup, Yield: 93%. 'H-NMR (300MHz, CDCL3), & (ppm): 7.51-7.10 (5H, m), 6.57 (1H, dd, J = 3.0,
10.2 Hz), 6.26-6.10 (2H, m), 4.53 (1H, d, J=15.6 Hz), 4.47 (1H, d, J= 15.6 Hz), 2.60-2.28 (2H, m), 2.22-1.98 (3H,
m), 1.92-1.79 (1H, m). 2C-NMR (75MHz, CDCLy), & (ppm): 210.97, 184.17, 165.28, 145.49, 144.75, 134.04,
132.43, 132.29, 131.67, 131.28, 130.07, 129.72, 127.27, 75.55, 60.61, 43.01, 38.10, 28.73, 19.64. EIMSm/z (%) :
343 (M", 14%), 341 (M", 35%), 324 (6), 306 (11), 288 (13), 286 (33), 273 (11), 250 (15), 233 (33), 232 (16), 216
(5), 199 (9), 176 (19), 174 (12), 146 (13), 127 (50), 125 (100), 108 (27), 99 (6), 91 (14), 89 (23), 77 (13). HRMS
m/z Found: 341.0824, Calcd. for C1oH;sNO;Cl (M)": 341.0819.
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azaspirocyclic compound 13e

C23H17N03 Mol. Wt.: 355.39

13e: pale brown oil, Yield: 90%. 'H-NMR (300MHz, CDCls), 8 (ppm): 7.74 (1H, d, J = 7.7 Hz), 7.62 (1H, t, J =
7.8 Hz), 7.52 (1H, dd, J = 3.0, 10.4 Hz), 7.48-7.22 (7TH, m), 6.60 (1H, dd, J= 3.0, 10.2 Hz), 6.27 (1H, dd, J = 2.0,
10.2 Hz), 6.14 (1H, dd, J= 2.0, 10.4 Hz), 4.48 (1H, d, J=15.0 Hz), 4.37 (1H, d, J=15.0 Hz), 3.66 (1H, d, J=17.8
Hz), 3.25 (1H, d, J = 17.8 Hz). *C-NMR (75MHz, CDCls), 5 (ppm): 197.99, 184.30, 165.09, 151.29, 146.28,
144.26, 136.19, 135.41, 135.02, 132.40, 131.87, 128.87, 128.37, 126.33, 124.84, 74.92, 60.88, 45.76, 31.01. EIMS
mz (%) : 356 (M'+1, 78%), 355 (M", 87%), 327 (78), 325 (52), 310 (28), 308 (20), 290 (26), 264 (45), 250 (26),
236 (68), 221 (32), 208 (30), 199 (67), 198 (64), 180 (31), 165 (40), 158 (79), 152 (29), 130 (58), 102 (71), 91 (100),
77 (38). HRMSm/z Found: 355.1210, Calcd. for Cy3H;7NO; (M)+: 355.1208.

azaspirocyclic compound 13f

C19H17N05 Mol. Wt.: 339.34

13f: Pale yellow syrup, Yield: 87%. ‘H-NMR (300MHz, CDCls), & (ppm): 7.27 (1H, dd, J = 3.0, 10.2 Hz), 7.04
(2H, dt, J= 1.8, 8.7 Hz), 6.75 (2H, dt, J= 1.8, 8.7 Hz), 6.39 (1H, dd, J= 3.0, 9.9 Hz), 6.23 (1H, dd, J= 1.8, 10.2
Hz), 6.18 (1H, dd, J=1.8, 9.9 Hz), 4.33 (1H, ddd, J="7.5, 8.4, 9.0 Hz), 4.26 (2H, 9), 4.13 (1H, ddd, J= 5.1, 8.4,9.0
Hz), 3.72 (3H, 9), 2.69 (1H, ddd, J= 5.1, 7.5, 12.6 Hz), 2.34 (1H, ddd, J = 7.2, 7.5, 12.6 Hz). *C-NMR (75MHz,
CDCl;), & (ppm): 183.81, 170.81, 162.62, 159.80, 144.61, 143.96, 132.96, 132.09, 130.35, 126.48, 114.24, 68.21,
65.83, 59.91, 55.30, 45.24, 27.25. +TOF MSm/z (%) : 362 (M'+Na, 70%), 321 (7), 301 (6), 274 (3), 250 (4), 228
(100), 209 (1), 198 (1), 167 (1), 135 (7), 121 (69). HRMS m/z Found: 362.0995, Calcd. for Ci9H;7NOsNa
(M+Na)": 362.1004.

azaspirocyclic compound 13g

N
Me04©—/
C24H26N206 Mol. Wt.: 438.47
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13g: white plates, Yield: 84%, mp: 131-132 °C. *H-NMR (300MHz, CDCls), § (ppm): 7.45 (1H, dd, J = 3.0, 10.2
Hz), 7.11 (2H, d, J = 8.4 Hz), 6.80 (2H, d, J = 8.4 Hz), 6.45 (1H, dd, J = 3.0, 10.2 Hz), 6.27 (1H, dd, J = 2.1, 10.2
Hz), 6.21 (1H, dd, J= 2.1, 10.2 Hz), 4.34 (1H, d, J = 15.0 Hz), 4.28 (1H, d, J = 15.0 Hz), 3.86-3.70 (1H, m), 3.79
(3H, ), 3.67-3.52 (1H, m), 2.50 (1H, ddd, J = 5.1, 7.8, 13.5 Hz), 2.12 (1H, ddd, J = 7.5, 7.8, 13.5 Hz), 1.54 (9H, S).
BC-NMR (75MHz, CDCly), & (ppm): 184.22, 163.78, 159.67, 149.34, 14529, 144.68, 132.75, 131.76, 130.29,
126.71, 114.17, 84.03, 72.66, 60.61, 55.29, 45.05, 43.48, 27.93, 22.64. +TOF MSm/z (%) : 461 (M++Na, 20%),
361 (9), 346 (11), 339 (48), 318 (25), 302 (14), 290 (7), 274 (100), 262 (2), 231 (13), 121 (49). HRM S nvz Found:
461.1684, Calcd. for C,4Hy6N,0O¢Na (M+Na)+: 461.1688.

azaspirocyclic compound 13h

C26H24N204 Mol. Wt.: 428.47

13h: Pale yellow foam, Yield: 80%. 'H-NMR (300MHz, CDCls), 8 (ppm): 7.52 (1H, dd, J = 3.0, 10.2 Hz), 7.33-
7.03 (7H, m), 6.75 (2H, d, J = 8.7 Hz), 6.41 (1H, dd, J = 3.0, 10.2 Hz), 6.18 (1H, dd, J = 2.1, 10.2 Hz), 6.15 (1H, dd,
J=2.1,10.2 Hz), 443 (1H, d, J = 15.0 Hz), 4.33 (1H, d, J = 15.0 Hz), 4.27 (1H, s), 3.72 3H, ), 3.25-3.13 (1H, m),
3.09-2.98 (1H, m), 2.45 (1H, ddd, J = 4.8, 8.4, 13.5 Hz), 2.06 (1H, ddd, J = 5.7, 8.7, 13.5 Hz). **C-NMR (75MHz,
CDCly), & (ppm): 184.52, 167.93, 165.15, 159.60, 146.15, 145.59, 135.15, 132.40, 131.34, 130.29, 128.89, 127.97,
127.02, 114.13, 71.62, 61.02, 55.29, 47.31, 45.03, 43.76, 22.94. +TOF MS mz (%) : 451 (M'+Na, 70%), 429
(M™+H, 36%), 390 (3), 374 (3), 362 (15), 356 (2), 318 (11), 302 (2), 274 (26), 266 (38), 248 (56), 218 (9), 135 (18),
121 (65). HRMSmz Found: 451.1636, Calcd. for CagH,sN,0;Na (M+Na)": 451.1633.

azaspirocyclic compound 15a

C24H19NO3 Mol. Wt.: 369.41

15a: brown syrup, Yield: 87%. 'H-NMR (300MHz, CDCls), 6 (ppm): 7.65 (1H, d, J= 6.3 Hz), 7.56 (1H,t,J=17.5
Hz), 7.44-7.30 (7H, m), 6.93 (1H, dd, J = 3.0, 10.2 Hz), 6.74 (1H, dd, J = 3.0, 10.2 Hz), 6.30 (1H, dd, J= 1.8, 10.2
Hz), 6.21 (1H, dd, J= 1.8, 10.2 Hz), 4.61 (1H, d, J= 15.0 Hz), 4.52 (1H, d, J=15.0 Hz), 4.21 (1H, d, J= 9.8 Hz),
3.45 (1H, d, J=17.4 Hz), 2.98 (1H, d, J=9.8 Hz), 2.68 (1H, d, J= 17.4 Hz). *C-NMR (75MHz, CDCl;), & (ppm):
201.64, 184.69, 170.71, 154.04, 147.97, 145.59, 136.17, 135.21, 134.17, 133.14, 130.08, 128.96, 128.29, 128.12,
127.83, 126.46, 124.85, 65.24, 51.44, 48.38, 47.60, 31.71. +TOF MSmVz (%) : 392 (M'+Na, 24%), 370 (M +H,
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92%), 358 (100), 342 (6), 330 (5), 318 (17), 302 (10), 274 (80), 262 (4), 246 (2), 218 (1), 212 (5), 130 (11), 102 (25).
HRMS m/z Found: 370.1434, Calcd. for C4H,oNO; (M+H)+: 370.1443.

azaspirocyclic compound 15a

C23H19N03 Mol. Wt.: 357.41

15b: yellow plates, as a mixture of keto and enol (5%) tautomers, Yield: 90%, mp: 124-125 °C. *H-NMR (300MHz,
CDCl), & (ppm): 7.86 (2H, d, J= 7.2 Hz), 7.61 (1H, t, J=7.2 Hz), 7.60-7.18 (7H, m), 6.97 (1H, dd, J= 3.0, 9.9 Hz),
6.87 (1H, dd, J=3.0, 10.2 Hz), 6.30 (1H, dd, J=1.8, 9.9 Hz), 6.17 (1H, dd, J= 1.8, 10.2 Hz), 4.66 (1H, d, J=14.7
Hz), 4.57 (1H, s), 4.54 (1H, d, = 14.7 Hz), 3.73 (1H, d, J= 9.9 Hz), 3.18 (1H, d, J= 9.9 Hz). *C-NMR (75MHz,
CDCly), 6 (ppm): 194.92, 184.47, 169.30, (150.34), 148.79, 146.80, 136.29, 135.15, 134.37, 131.13, 128.99, 128.93,
128.23, 128.13, (127.80, 127.37), 57.71, 53.26, 47.11, 44.37. +TOF MSm/z (%) : 380 (M'+Na, 45%), 358 (M'+H,
100%), 318 (13), 274 (43), 219 (10), 206 (12), 195 (9), 163 (7), 151 (28), 144 (22), 136 (44), 114 (6), 109 (9), 105
(35). HRM Sz Found: 358.1449, Calcd. for C;3Hp0NO; (M+H)+: 358.1443.

azaspirocyclic compound 15c¢

C18H17NO3 Mol. Wt.: 295.33

15c: yellow powder, as a mixture of keto (38%) and enol tautomers, Yield: 76%, mp: 121-122 °C. 'H-NMR
(300MHz, CDCl3), 6 (ppm): 12.46 (1H, s), 7.45-7.21 (5H, m), 6.83 (2H, d, J = 9.9 Hz), 6.27 (2H, d, J = 9.9 Hz),
4.53 (2H, s), 3.30 (2H, 9), 1.71 (3H, 5). *C-NMR (75MHz, CDCls), 8 (ppm): (202.24), 184.88 (184.52), 171.65,
(168.24), 167.57, 150.09, 148.43, 146.33, 135.32 (135.03), 130.95, 129.64, 128.99, 128.21, 128.13, 128.09, 99.81,
62.94, 53.43 (52.93), (47.06), 46.39, (44.04), 42.49, 32.39, 17.38. +TOF MSm/z (%) : 318 (M'+Na, 10%), 296
(M'+H, 100%), 274 (1), 262 (1), 151 (6), 120 (2). HRMS mvz Found: 296.1282, Calcd. for CigH gNO; (M+H)":
296.1286.

azaspirocyclic compound 15d

CyoH1gNO3 Mol. Wt.: 321.37
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15d: Pale yellow oil, as a mixture of keto and enol (22%) tautomers, Yield: 90%. "H-NMR (300MHz, CDCl3), &
(ppm): 12.58 (0.22 H, s), 7.48-7.18 (5H, m), 7.02-6.80 (2H, m), 6.31 (2H, d, J=9.9 Hz), 4.61 (1H, d, J= 14.7 Hz),
4.52 (1H, d, J = 14.7 Hz), 3.84 (1H, s), 3.49 (1H, d, J = 10.2 Hz), 3.18 (1H, d, J = 10.2 Hz), 2.14-2.01 (1H, m),
1.28-0.92 (4H, m). *C-NMR (75MHz, CDCl3), & (ppm): 204.28, (185.12), 184.60, (171.85, 171.12), 168.69,
151.33, 148.70, 146.83, (135.48), 135.12, 130.78, 129.47, 128.97, 128.21, 128.12, (128.00), 127.78, (98.44), 62.97,
(53.60), 52.91, 47.02, (46.36), 44.17, (42.71), 22.71, 12.68, (11.16), (7.21). +TOF MS m/z (%) : 344 (M'+Na,
20%), 322 (M'+H, 100%), 302 (2), 274 (13). HRMS myz Found: 322.1447, Calcd. for Cy0H,)NO; (M+H)':
322.1443.

azaspirocyclic compound 15e

C20H19NO3 Mol. Wt.: 321.37

15e: white plates, Yield: 85%, mp: 128-129 °C. *H-NMR (300MHz, CDCls), & (ppm): 7.41-7.22 (5H, m), 6.88 (1H,
dd, J=3.0,10.2 Hz), 6.65 (1H, dd, J=3.0, 10.2 Hz), 6.38 (1H, dd, J= 1.8, 10.2 Hz), 6.32 (1H, dd, J = 1.8, 10.2 Hz),
4.60 (1H, d, J = 14.7 Hz), 4.53 (1H, d, J = 14.7 Hz), 3.98 (1H, d, J = 9.6 Hz), 2.95 (1H, d, J = 9.6 Hz), 2.49-2.11
(4H, m), 1.92-1.78 (1H, m), 1.71-1.56 (1H, m). *C-NMR (75MHz, CDCL), & (ppm): 214.95, 184.57, 170.94,
147.59, 145.62, 135.25, 133.10, 129.85, 128.90, 128.16, 128.04, 64.55, 51.36, 47.89, 47.23, 38.67, 28.61, 19.76.
+TOF MS m/z (%) : 344 (M'+Na, 8%), 322 (M'+H, 100%), 274 (2), 188 (3), 155 (1. HRMS nvz Found:
322.1435, Caled. for Ca0Hy0NOs (M+H)': 322.1443.

OMe
OMe

azaspirocyclic compound 15f

CogHo3NOs Mol. Wi.: 429.46

15f: yellow plates, Yield: 85%, mp: 132-133 °C. *H-NMR (300MHz, CDCLy), & (ppm): 7.46-7.30 (5H, m), 7.10
(1H, s), 7.02 (1H, dd, J= 3.0, 10.2 Hz), 6.83 (1H, s), 6.81 (1H, dd, J=3.0, 10.2 Hz), 6.33 (1H, dd, J= 1.8, 10.2 Hz),
6.26 (1H, dd, J = 1.8, 10.2 Hz), 4.69 (1H, d, J = 15.0 Hz), 4.55 (1H, d, J = 15.0 Hz), 427 (1H, d, J = 9.9 Hz), 3.93
(3H, s), 3.88 (3H, s), 3.39 (1H, d, J = 17.1 Hz), 3.00 (1H, d, J = 9.9 Hz), 2.63 (1H, d, J = 17.1 Hz). *C-NMR
(75MHz, CDCl3), & (ppm): 199.63, 184.79, 171.08, 156.74, 149.97, 148.26, 146.00, 135.30, 132.98, 129.87, 128.91,
128.25, 128.04, 126.77, 107.23, 104.72, 77.30, 65.46, 56.38, 56.13, 51.45, 48.33, 47.53, 31.42. +TOF MSm/z (%) :
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452 (M'+Na, 48%), 430 (M™+H, 100%), 274 (23), 242 (10), 149 (46), 136 (27), 123 (30), 118 (10), 114 (52), 109
(7), 105 (45). HRMSmz Found: 430.1651, Caled. for C26H24NOs (M+H)': 430.1654.

azaspirocyclic compound 17a

C25H21 N03 Mol. Wt.: 383.44

17a: pale brown oil, Yield: 82%. 'H-NMR (300MHz, CDCl3),  (ppm): 7.68 (1H, d, J= 7.5 Hz), 7.59 (1H, t, J =
7.5 Hz), 7.42-7.18 (7H, m), 6.86 (1H, dd, J = 3.0, 10.2 Hz), 6.51 (1H, dd, J = 3.0, 10.2 Hz), 6.38 (1H, dd, J= 1.2,
10.2 Hz), 6.12 (1H, dd, J= 1.2, 10.2 Hz), 4.78 (1H, d, J= 14.7 Hz), 4.48 (1H, d, J=14.7 Hz), 3.73 (1H, d, J=17.1
Hz), 3.61-3.39 (3H, m), 2.57 (1H, d, J=17.1 Hz), 1.52-1.39 (1H, m). *C-NMR (75MHz, CDCl), § (ppm): 202.56,
184.72, 166.55, 154.73, 148.99, 148.60, 136.37, 136.07, 134.36, 131.41, 131.13, 129.80, 128.61, 126.09, 124.92,
115.39, 59.77, 51.20, 46.35, 44.37, 35.49, 26.89. +TOF MSm/z (%) : 406 (M'+Na, 42%), 384 (M'+H, 69%), 362
(5), 348 (9), 334 (7), 318 (32), 302 (19), 274 (100), 262 (8), 228 (52), 121 (15). HRMS myz Found: 406.1409,
Calcd. for C,sH, NOsNa (M+Na)+: 406.1419.

OMe
OMe

azaspirocyclic compound 17b

Cy7H25NO5 Mol. Wt.: 443.49

17b: pale yellow plates, Yield: 88%, mp: 134-135 °C. 'H-NMR (300MHz, CDCl3), & (ppm): 7.41-7.26 (5H, m),
7.13 (1H, 9), 6.94 (1H, dd, J = 3.0, 10.2 Hz), 6.82 (1H, ), 6.62 (1H, dd, J = 3.0, 10.2 Hz), 6.43 (1H, dd, J= 1.2,
10.2 Hz), 6.20 (1H, dd, J= 1.2, 10.2 Hz), 4.88 (1H, d, J = 14.7 Hz), 4.53 (1H, d, J= 14.7 Hz), 3.95 (3H, ), 3.91
(3H, ), 3.67 (1H, d, J = 16.8 Hz), 3.65-3.45 (3H, m), 2.37 (1H, d, J = 16.8 Hz), 1.45-1.36 (1H, m). *C-NMR
(75MHz, CDCl3), 8 (ppm): 200.61, 184.82, 166.81, 156.64, 150.66, 149.77, 149.33, 148.81, 136.50, 131.25, 131.01,
128.86, 127.92, 127.70, 126.93, 106.86, 104.88, 59.95, 56.38, 56.13, 51.14, 46.30, 44.36, 35.18, 26.84. +TOF MS
mz (%) : 466 (M'+Na, 19%), 444 (M'+H, 100%), 249 (17), 158 (11), 150 (18), 125 (20), 123 (43), 118 (22), 114
(50). HRMS vz Found: 444.1811, Calcd. for Co7HyNOs (M+H)': 444.1810.
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Preparation of 3-acetyl-3-allyl-1-benzyl-1-azaspiro[3.5]nona-5,8-diene-2,7-dione and 3-allyl-3-benzoyl-1-
benzyl-1-azaspir o[ 3.5]nona-5,8-diene-2,7-dione by Tsuji-Trost reaction (5t and 5u):

A mixture of compound 5¢ or 59 (135.6 mg or 171.6 mg, 0.50 mmol.), tetramethylguanidine (173 mg, 1.5 mmol,
3.0 eq.), triphenylphosphine (13 mg, 0.05 mmol, 0.1 eq.) and allylpalladium (II) chloride dimer (9.2 mg, 0.025
mmol, 0.05 eq.) in dichloromethane (15 mL) was degassed and purged with nitrogen (3 times) at 0 °C. Allyl acetate
(100 mg, 1 mmol, 2.0 eq.) in dichloromethane (1 mL) was added via syringe and the resulting mixture was then
stirred at room temperature under nitrogen for 48 hours. The resulting mixture was diluted with dichloromethane
(20 mL) and washed with saturated aqueous NH4Cl solution (2 x 10 mL). The organic phase was dried over
anhydrous Na,SO, and concentrated under reduced pressure. The residue was chromatographed on silica gel (200-

300 mesh, Petroleum ether : EtOAc = 4: 1-2:1 ) to afford azetidinone 5t or 5u (112 mg, 72% or 155 mg, 81%).

3-acetyl-3-allyl-1-(furan-2-ylmethyl)-1-
azaspiro[3.5]nona-5,8-diene-2,7-dione

CqgH17NO,4 Mol. Wt.: 311.33

5t: Pale yellow oil. *H-NMR (300MHz, CDCLy), § (ppm): 7.33 (1H, d, J = 0.6 Hz), 6.76 (1H, dd, J = 2.4, 10.2 Hz),
6.48 (1H, dd, J = 2.4, 10.2 Hz), 6.35 (1H, dd, J = 0.9, 10.2 Hz), 6.28 (1H, s), 6.26 (1H, dd, J = 0.9, 10.2 Hz), 6.20
(1H, d, J = 2.7 Hz), 5.90-5.70 (1H, m), 5.15 (2H, d, J = 12.3 Hz), 4.41 (1H, d, J = 15.9 Hz), 4.36 (1H, d, J = 15.9
Hz), 2.85 (1H, dd, J = 5.7, 14.4 Hz), 2.67 (1H, dd, J = 8.1, 14.4 Hz), 2.22 3H, s). *C NMR (75 MHz, CDCl;) &
(ppm): 202.00, 183.99, 165.48, 147.54, 145.60, 143.42, 142.65, 132.84, 131.36, 130.78, 120.16, 110.85, 110.32,
79.22, 61.23, 37.10, 35.53, 29.57. +TOF MSmz(%) : 334 (M'+Na, 100%), 312 (M*+H, 72%), 293 (6), 270 (3),
244 (20), 210 (2), 202 (2), 189 (12), 147 (10). HRMS mVz Found: 312.1239, Caled. for CisHsNO4 (M+H)':
312.1235.

3-allyl-3-benzoyl-1-benzyl-1-azaspiro[3.5]nona-
5,8-diene-2,7-dione

025H21NO3 Mol. Wt.: 383.44

5u: yellow syrup. *H-NMR (300MHz, CDCLy), § (ppm): 7.69 (2H, d, J= 7.2 Hz), 7.52 (1H, t, = 7.2 Hz), 7.42-7.15
(7H, m), 6.88 (1H, dd, J = 3.0, 10.5 Hz), 6.46 (1H, dd, J = 3.0, 10.5 Hz), 6.43 (1H, dd, J = 2.1, 10.2 Hz), 6.06 (1H,
dd, J= 2.1, 10.2 Hz), 5.93-5.77 (1H, m), 4.98 (1H, d, J= 10.5 Hz), 4.78 (1H, dd, J = 1.2, 17.1 Hz), 4.45 (1H, d, J =
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14.7 Hz), 4.28 (1H, d, J = 14.7 Hz), 3.02 (1H, dd, J= 6.3, 14.4 Hz), 2.89 (1H, dd, J = 8.1, 14.4 Hz). *C NMR (75
MHz, CDCls) & (ppm): 194.96, 183.96, 165.48, 146.74, 143.85, 135.35, 134.85, 133.72, 133.54, 131.86, 130.83,
128.94, 128.83, 128.56, 128.32, 120.29, 78.99, 61.85, 45.14, 37.39. +TOF MSm/z (%) : 406 (M"+Na, 54%), 384
(M'+H, 100%), 365 (4), 346 (4), 269 (10), 251 (3), 205 (5), 198 (13), 186 (4), 110 (41), 105 (20). HRMS m/z
Found: 384.1596, Calcd. for C,sH,,NO3 (M+H)+: 384.1599.

Preparation of 1-benzyl-3-(1-hydroxyethyl)-1-azaspir o[ 3.5]nona-5,8-diene-2,7-dione (7a):

To a solution of B-lactam 5a (281 mg, 1.0 mmol) in anhydrous ethanol and dichloromethane (20 mL, EtOH : DCM
=2:1) was added a powder of sodium borohydride (9.5 mg, 0.25 mmol, 0.25 eq.) at 0 °C. The resulting mixture was
then stirred at 0 °C for 2 hours. After treatment with saturated aqueous NH4Cl (2 mL) for 10 minutes, the resulting
mixture was concentrated and the residue was diluted with ethyl acetate (20 mL). The resulting mixture was washed
with water (2 x 5 mL) and the organic phase was dried over anhydrous Na,SO,. The solvent was removed and the
residue was chromatographed on silica gel (200-300 mesh, Petroleum ether : EtOAc = 2:1) to afford the alcohol as a
white powder (198 mg, 70%).

1-benzyl-3-(1-hydroxyethyl)-1-
azaspiro[3.5]nona-5,8-diene-2,7-dione

C47H17NO3 Mol. Wt.: 283.32

7a: dr=15:1 (based on lH—NMR) white plates, m.p.: 138-139 °C. "H-NMR (300MHz, CDCly), o (ppm): 7.45-7.12
(5H, m), 7.06 (1H, dd, J=3.0, 10.2 Hz), 6.59 (1H, dd, J= 3.0, 9.9 Hz), 6.28 (1H, dd, J=2.1, 10.2 Hz), 6.17 (1H, dd,
J=2.1,9.9 Hz), 4.41-4.21 (3H, m), 3.35 (1H, d, J=7.5 Hz), 2.52 (1H, d, J= 4.8 Hz), 1.30 (3H, d, J= 6.3 Hz). °C
NMR (75 MHz, CDCl;) 8 (ppm): 184.85, 165.55, 148.30, 145.71, 135.47, 132.19, 130.77, 128.89, 128.76, 128.22,
68.34, 64.21, 58.96, 45.29, 21.58. +TOF MSmz (%) : 306 (M+Na, 50%), 284 (M +H, 100%), 266 (44), 240 (2),
198 (9), 186 (3). HRM Sz Found: 284.1283, Calcd. for C,7H;sNOs (M+H)": 284.1286.

Preparation of (2a,3,4a,6,8")-1-benzyl-6-hydr oxy-3-methyl-2a,3,5,6-tetr ahydr o-1H-benzofur o[ 3-b] azet-
2(4aH)-one and  (2a,3.4a,6,8")-1-benzyl-6-hydroxy-3-phenyl-2a,3,5,6-tetr ahydr o-1H-benzofur o[ 3-b] azet-
2(4aH)-one (7b and 7c):

To a solution of B-lactam 5a or 59 (281 mg or 343 mg, 1.0 mmol) in anhydrous ethanol and dichloromethane (20
mL, EtOH : DCM = 2:1) was added a powder of sodium borohydride (38 mg, 1.0 mmol, 1.0 eq.) at 0 °C. The

17



Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2011

resulting mixture was then stirred at 0 °C for 2 hours. After treatment with saturated aqueous NH4Cl (2 mL) for 10
minutes, the resulting mixture was concentrated and the residue was diluted with ethyl acetate (20 mL). The
resulting mixture was washed with water (2 x 5 mL) and the organic phase was dried over anhydrous Na,;SO,. The
solvent was removed and the residue was chromatographed on silica gel (200-300 mesh, Petroleum ether : EtOAc =

2:1) to afford compound 7b or 7c as a white powder (128 mg, 45% or 250 mg, 73%).

(2a,3,4a,6,8")-1-benzyl-6-hydroxy-3-methyl-
2a,3,5,6-tetrahydro-1H-benzofuro[3-blazet-
2(4aH)-one

C7H;1gNO3 Mol. Wt.: 285.34

7b: dr > 99%, white powder, m.p.: 124-125 °C. H-NMR (300MHz, CDCl3), & (ppm): 7.45-7.18 (5H, m), 6.09 (1H,
dd, J=2.4, 10.2 Hz), 5.65 (1H, dd, J= 1.5, 10.2 Hz), 4.52-4.40 (1H, m), 4.45 (1H, d, J = 15.0 Hz), 4.20-4.02 (1H,
m), 4.11 (1H, d, 3= 15.0 Hz), 3.81 (1H, dd, J= 5.1, 9.6 Hz), 3.26 (1H, d, J = 2.7 Hz),2.68-2.48 (1H, m), 2.00-1.72
(2H, m), 1.31 (3H, d, J = 6.6 Hz). *C NMR (75 MHz, CDCl;) & (ppm): 167.19, 138.61, 135.58, 128.79, 128.58,
128.01, 125.33, 75.96, 74.39, 69.20, 68.64, 64.63, 44.46, 37.91, 23.27. +TOF MSm/z (%) : 308 (M +Na, 59%),
286 (M™+H, 100%), 274 (20), 268 (9), 151 (1), 134 (8). HRMS m/z Found: 286.1435, Calcd. for C;7HyNO;
(M+H)": 286.1443.

(2a,3,4a,6,8")-1-benzyl-6-hydroxy-3-phenyl-
2a,3,5,6-tetrahydro-1H-benzofuro[3-b]azet-
2(4aH)-one

CpHpqNO3 Mol. Wt.: 347.41

7¢: dr > 99%, white plates, m.p.: 127-128 °C. *H-NMR (300MHz, CDCls), & (ppm): 7.44-7.22 (10H, m), 6.04 (1H,
dd, J=1.2,9.9 Hz), 5.65 (1H, dd, J= 1.2, 9.9 Hz), 5.40 (1H, d, J= 2.7 Hz), 4.55 (1H, d, J = 15.0 Hz), 4.14 (1H, d, J
=15.0 Hz), 4.04 (1H, brs), 3.93 (1H, dd, J= 4.8, 9.9 Hz), 3.84 (1H, d, J=2.7 Hz), 2.28-2.15 (1H, m), 1.88-1.75 (1H,
m), 1.62-1.43 (1H, m). C NMR (75 MHz, CDCls) & (ppm): 166.91, 140.86, 138.92, 135.57, 128.87, 128.63,
128.52, 128.09, 127.71, 125.79, 124.81, 78.52, 76.48, 69.11, 67.40, 64.85, 44.61, 37.28. +TOF MSm/z(%) : 370
(M™+Na, 100%), 348 (M+H, 64%), 330 (1), 269 (2), 215 (11), 197 (22), 179 (4), 169 (14), 141 (1), 119 (3).
HRMSm/z Found: 348.1593, Calcd. for Co,H,NOs (M+H)': 348.1599.
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Proposed mechanism for copper catalyzed oxidative Carbon-Carbon formation
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'H NMR and **C NMR Spectrum for

Synthesis of Spirocyclic B-keto-Lactams: Copper Catalyzed Process

Zhongxuan Xu, Kun Huang, Tong Liu, Mingjin Xie, and Hongbin Zhang *

Key Laboratory of Medicinal Chemistry for Natural Resource, Ministry of Education, School of Chemical Science
and Technology, Yunnan University, Kunming, Yunnan 650091, P. R. China Fax: 86-871-5035538. E-mail:
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Current Data Parameters

NAME XZX
EXPNO 725
PROCNO 1

F2 - Acquisition Parameters
Date_ 20100710
Time 10.21
INSTRUM av300
PROBHD 5 mm GNP 1H/13
PULPROG 2930

10 65536
SOLVENT CcoCc13

NS 12

0s 1]

SWH 6172.839 Hz
FIDRES 0.094190 Hz
AQ 5.3084650 sec
RG 64

OW 81.000 usec
DE 6.00 usec
TE 301.7 K
D1 2.00000000 sec
MCREST 0.00000000 sec
MCHRK 0.01500000 sec
======== CHANNEL f1 ========
NUC1 1H

P1 8.60 usec
PL1 -2.00 0B
SFO1 300.1318534 MHz

F2 - Processing parameters

SI 32768

SF 300.1300110 MHz
HOW EM

S58 0

LB 0.30 Hz
GB 0

PC 1.00

10 NMR plot parameters

94 20.00 cm

cY 6.00 cm
F1P 12.007 ppm
F1 3603.68 Hz
Fop -0.067 ppm
F2 -20.25 Hz
PPMCM 0.60373 ppm/cm
HZCM 181.19615 Hz/cm
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=

Ay

4.487

NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

DS

SWH
FIDRES
AQ

RG

DW

2.332

NUC1
Pl
PL1
SFO1
SI
SF
WDW
SSB
LB
GB
PC

f

4.078
1.955

0.997

2.000

-1 0.978

3.000

~J

[=

(o))

s

w4

4.0

3.5

3.0

T | PR |
2.0 ppm

[
w

XZX
944

1

20101202
19.20
av300

5 mm QNP 1H/13
zg30

65536
CDC13

6

2

6172.839
0.094190
5.3084660
181

81.000
6.50

295.8
1.00000000
1

1H

7.90

-2.00
300.1318534
32768
300.1300029
EM

0

0.30

0

1.00

Hz
Hz
sec

usec
usec
K
sec

======== CHANNEL fl s=======

usec
dB
MHz

MHz

Hz
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2.0097
1.0081
2.0022
5.0547

7.27627
7.26919
7.25231
7.23615
7.22410
7.21149
6.79802
6.78808
6.76469
6.75473
6.33869
6.33218
6.09359
5.10024
5.08283

o wo oo
Mmooy oo
D — 0 T @ P~

= T NO Mo @d

.W MM~ < Mo
L e N T s

©

<

=

@

e}

=

___.___-____.”_.‘.—.mj_..—._—-‘-‘

ppm 10 9 8

7

———

2.0038

1.0025

L TR L T

1.0000

TTrrTy

I

5

%

5.06797
4.43356
4.40280

4.38433
4.37415

2.0007

[ttt o S T L L B

4

4

FITTTTTTTTTTE

2

1

0.00000

TTTTTTTT

0

Current Data Parameters

NAME XZX
EXPNO 714
PROCNO 1

F2 - Acquisition Parameters

Date_ 20100708
Time 21.19
INSTRUM av300
PROBHD 5 mm ONP 1H/13
PULPROG zg30
0 65536
SOLVENT COC13
NS 16
0s 0
SHH B6172.839
FIDRES 0.094190
AQ 5.3084660
RG 128
OW B81.000
DE 6.00
TE 301.1
01 2.00000000
MCREST 0.00000000
MCWRK 0.01500000
==s==z== CHANNEL f1 ====
NUC1 1H
Pi B.60
PL1 -2.00
SFO1 300.1318534

F2 - Prpcessing parameters

SI 32768
SF 300.1300029
HOW EM
558 0
Le 0.30
6B 0
PC 1.00

10 NMR plot parameters

Cx 20.00
cy 12.50
FiP 11.032
Fi 3311.17
F2P . —0.293
F2 -88.06
PPMCH 0.56629
HZCM 169.96155

MHz

Hz

cm
cm

ppm

Hz

ppm

Hz
ppm/cm
Hz/cm
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OCHFMNMOITONF IO NYS AT NNNONNDONNDMONT ON®
FNOOMMNOOINDOC-VMNNAORXRDLNORICNLODMMOONHORODOUW OO
-l..J.555443222222222277777?66633332110000 100
_l-l._l-7777777771{7777766666666666666666666555

I A — e\

384
374

4.433
%:.402
4

L
1.000

NAME XZX
EXPNO 714
PROCNO 1

Date 20100708

Time 21.19
INSTRUM av300
PROBHD S mm QNP 1H/13
PULPROG zg30

TD 65536
SOLVENT CDC13

NS 16

DS 0

SWH 6172.839 Hz
FIDRES 0.094190 Hz
RQ 5.3084660 sec
RG 128

DW 81.000 usec
DE 6.00 usec
TE 301.1 K

Dl 2.00000000 sec
MCREST 0.00000000 sec
MCWRK 0.01500000 sec
======== CHANNEL fl ========
NUC1 1H

Pl 8.60 usec
PL1 -2.00 dB
SFOL 300.1318534 MHz
SI 32768

SF 300.1300029 MHz
WDW EM

SSB 0

LB 0.30 Hz
GB 0

PC 1.00

=1 o] N Y - ol (] —

S| Bl 8] 8 = S 18 S

oal |l e [ o I [ e
T 1 T T T T T T I T 1
8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 ppm
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<
o
Current Data Parameters
w NAME XX
FEH QMU O = IDRMMUMOMNIDDWoRNWT oMo Won 0
= rr TN A DR MMuoomoorROoDbDOaAOYTOM@maAS o EXPNO 687
= SN LWUOoOWLST —WMMDSeSCSDOMDDT DNDO == 000D il PROCNO 1
PN AULLA =N TUOITAUAU—-OOROOOMNSDEMOOMS 0 I
m 65543320007777755522900922]Jﬁﬁﬁ B
~ i~ 7?7 ~ M~ OUOWYWOOYOOOOWNYITTITEOOmMmN =] F2 - Acquisition Parameters
Date _ 20100706
Time 21.08
INSTRUM av300
PROBHO 5 mm GNP 1H/13
PULPROG 2930
10 65536
SOLVENT CDC13
NS 19
0s 0
SWH 6172.838 Hz
FIDRES 0.084190 Hz
A0 5.30B4660 sec
RG 50.8
W 81.000 usec
DE 6.00 usec
TE 300.3 K
D1 2.00000000 sec
MCREST 0.00000000 sec
MCHRK 0.01500000 sec
======== (HANNEL f{ ========
NUCH 1H
Pi B.60 usec
PL1 -2.00 dB
SFO1 300.131B534 MHz
\. F2 = Processing parameters
SI 32768
SF 300.1300191 MHz
WOW EM
558 0
Le 0.30 Hz
68 0
L g PC 1.00
1D NMR plot parameters
CX 20.00 cm
cY 12.50 cm
FiP 11.169 ppm
r al2|=|glz|8|vle Y 2 3 F1 3352.21 Hz
o "ol g el 2] BadBal LAl E=d o - (=) Fa2P |Io.ﬂmm_u_u5
2 bt ittt Dt Bt e e SR F2 -217 63 Hz
S Ll =1 EaVi KaV] 3l Kol | Eal Ral =4 o L2l PPMCM 0.58471 ppm/cm
HZCM 178 48173 Hz/cm

m_.,,_“_._,,_,____,,:_:"met._..._.«aq__,___,,_.,.,:_:..ME.__:_,_:,___,,.a,,__,,___:::__:_.._,,___.“,___::.":__:_

i
ppn 10 9 8 7 5 5 4 3 2 1 0
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239

190.873

184.061

161.421
159.633

146.593
144.494

135:573
134.367
132.222
131.937

127.053

114.140

77.589
77.164
76.739

66.748

58.316
59,203

45.086

MeO

— —
- —
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Current Data Parameters

XZX
OO MTTMNOODT MUMTIODOMWLNDOODOOD@D®D = M“M”G mMu
O—= O =M~ OO0 MOM~ROM0T OO0 OM~TN o
- OO —=O~IIT~O0DOoWNWNST — OO WWw— o o PROCNO 1
a MEmEmOO@OOmMAN S oS N Mo . e
Q FOVOYVLOOOLVLOLVOWVWOWNO I I I I o o ‘
T F2 - Acquisition Parameters
Date_ 20100707
Time 21.39
INSTRUM av300
PROBHD 5 mm QNP 1H/13
PULPROG 2930
10 65536
SOLVENT cocl3
NS 38
05 0
SHH 6172.839 Hz
FIDRES 0.094190 Hz
AQ 5.3084660 sec
RG 203.2
OH 81.000 usec
DE 6.00 usec
TE 3011 K
D1 2.00000000 sec
MCREST 0.00000000 sec
MCHRK 0.01500000 sec
======== CHANNEL f] ========
NUC1 1H
P1 8.60 usec
PL1 -2.00 dB
SFO1 300.1318534 MHz
F2 - Processing parameters
SI 32768
SF 300.1300030 MHz
WOM EM
SsB 0
L8 0.30 Hz
: GB 0
PC 1.00
10 NMR plot parameters
[ 20.00 cm
cY 12.50 cm
Fi1P 10.209 ppm
z A NER R 2 188 Fae 25:672 opn
g alc|alo| ao|s|a|e o P=3t=] ;
2 B At et B el B : F2 -201.60 Hz
E —|=lujo| oo ||~ =1 —l= PPMCM 0.54403 ppm/cm
HZICH 163.27937 Hz/cm

EO e 2 R T L L B A L L A L L B B

pom 8 6 4 2 0
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o=~ P

Qo_

Current Data Parameters

NAME XZX
BEYNBr NSl BRI R8sBRAS SRS NNSES S EXPND 700
T UMW MOoO@OMMM—M~ T OJ o= D= @O0 = OM~CO— OO0~ 0O - (=1 PROCNO 1
= el i b R R e b s el e e e ! =
. ErhEeREELREOEE D E D b bl et L 7 F2 - Acquisition Parameters
Date_ 20100707
Time 22.10
INSTRUM av300
PROBHD 5 mm GNP 1H/13
PULPROG 2930
10 65536
SOLVENT COC13
NS 24
Ds 1]
SWH 6172.839 Hz
FIDRES 0.094190 Hz
AQ 5.30B4660 sec
RG 128
OW 81.000 usec
DE 6.00 usec
TE 300.3 K
01 2.00000000 sec
MCREST 0.00000000 sec
MEWRK 0.01500000 sec
======== CHANNEL fi ========
NUCT 1H
P1 B.60 usec
PL! -2.00 dB
SFO1 300.1318534 MHz
F2 - Processing parameters
SI 32768
‘ SF 300.1300002 MHz
WOW EM
S5B 0
LB 0.30 Hz
GB 0
Qr.k ‘ PC 1.00
;&L 1D NMR plot parameters
CX 20.00 cm
CY 12.50 cm
F1P 11.074 ppm
= dfzlelTld szl m b= F1 3323.79 He
& oo|lo|T|o|o|o|o|e [ < Fap . -0.414 ppm
< A2 =122 2= o = F2 -124.35 Hz
= iRl ethml S PPMOM 0.57444 ppm/cm
HZCM 172.40680 Hz/cm

(L B 0 L B (R RS R R R R

| T
ppm 10 8 8 7 =] 5 4 3 2 1 0
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[ o
=0
Current Data Parameters
NAME XZX
R LR - R R R R R R 83188 8 =i mo® EXPND 116!
£ TP DO RRaYN 83 Ra8asEl gyt o 2o B < A FROCND !
c ???554440009999555532221. o o0 g o o @~ o oo
LN L N T (= Bt B (s I Vo B To B Ve RV 0 WY WO WD My oy - = o oo f2 - Acquisition Parameters
Date_ 20101012
Time 21.57
INSTRUM av300
PROBHD 5 mm GNP 1H/13
PULPROG 2930
0 65536
SOLVENT CDC13
NS 10
DS 1
SWH 4789.272 Hz
FIDRES 0.073078 Hz
AQ 5.8420086 sec
RG 114
OW 104.400 usec
DE §.00 usec
TE 297.3 K
D1 1.00000000 sec
MCREST 0.00000000 sec
MCWRK 0.01500000 sec
======== CHANNEL f] ========
NUC1 iH
P1 7.90 usec
PL1 -2.00 dB
SFO1 300.1321009 MHz
F2 - Processing parameters
51 32768
SF 300.1299867 MHz
WOW EM
558 0
Le 0.30 Hz
GB 0
PC 1.00
10 NMR plot parameters
Cx 23.00 cm
cY 8.00 cm
F1P 10.046 ppm
m sl3lzl (218 |=||a 3 g 2 & F1 3015.23 Hz
g al2/8| 1313 (8|3 g g 2 ] Fep . -0.204 ppn
E “l=lail [ala] [<]]1= o o = o F2 -61.35 Hz
PPMCM 0.44569 ppm/cm
HZCM 133.76486 Hz/cm
_,__.,__,_7...1_‘-<~.._,__..__‘.—_._.«.jl_l-lq-l_!._._;*_ﬁﬁd_u__..__,_._7-,__.a.J\4\1<|n|-|-|-|«1_1_1-\.\_‘-|-‘_J\111-|<|-‘J‘_.|-|-|-|jA_Hﬂ‘-
ppm 9 B 7 3 5 4 3 2 1 0
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5r

5.914

3.179

3.141

3.159

NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

DS

SWH
FIDRES
AQ

RG

DwW

DE

T 1
6.0 5.5

5.0

T T
3.5 3.0

T T
2.5 2.0

IE

648

1

20101215
18.12
av300

5 mm QNP 1H/13
zg30

65536
CDC13

16

2

6172.839
0.094190
5.3084660
128

81.000
6.50

296.1
1.00000000

7.90

-2.00
300,1318534
32768
300.1300002
EM

0

0.30

0

1.00

Hz
Hz
sec

use

sec
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ppm 10 B 6 4 2 0

Current Data Parameters

NAME %ZX
EXPNO 394
PROCND 1

F2 - Acquisition Parameters

Date_ 20100524
Time 20.38
INSTRUM av300
PROBHD 5 mm QNP 1H/13
PULPROG 2930
10 65536
SOLVENT coc13
NS 12
0s 2
SHH 4788.272
FIDRES 0.073078
AQ 6.8420086
RG 228.1
oW 104,400
OE 6.00
TE 302.2
D1 1.00000000
MCREST 0.00000000
MCWRK 0.01500000
======== CHANNEL f1 ====
NUC1 iH
P1 B.60 ¢
PLY -2.00
SFO1 300.1321008 Wi

F2 - Processing parameters

S1 32768
SF 300.1300035
WOW EM
SSB 0
LB 0.30
GB 0
PC 1.00

1D NMR plot parameters

Ccx 23.00
cY 12.50
F1P 12.028
F1 3609.92
FapP -0.522
F2 -156.56
PPMCM 0.54563
HZCM 16375993

MHz

cm
cm
ppm

Hz

ppm

Hz
ppm/cm
Hz/cm
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mw “—oococon~
a (@) M~~~ D
2
=
o
[=d
@
b
=
_ﬁ__._,_._.ﬂ 1._|4|-‘_-|-I.—4.|1l_...__|_4"_____‘ﬁ“.____-.«.— ~.—‘__.<I—.—.—1-ﬁ.._w_
ppm 11 10 9 8

7

6.4789
6 4547
6.4449
6.2055
65.1995
6.1655
65.1040
E 0981
E 0694
65.0636
4.2085
3.6975
3.6828
2.3862
2.3653
2.2691

—_—

2.0094

3.0000

2.2516
2 2470
2.0960

1.0480
1.0876
1.0674
2.1497
1.0460

L2 e L LY AL

6

5

4

3
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2 0341
2.0088
2.0041
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1.9659
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Current Data Parameters

NAME XZX
EXPNO 488
PROCND 1
F2 - Acquisition Parameters
Date_ 20100608
Time 12.40
INSTRUM av300
PROBHD 5 mm ONP 1H/13
PULPROG zg30
10 65536
SOLVENT cocl3
NS 11
0s 2
SWH 4789.272
FIDRES 0.073078
AR 6.8420086
RG 64
OW 104400
DE 6.00
TE 299.9
o} 1.00000000
MCREST 0.00000000
MCWRK 0.01500000
s=m=z=== CHANNEL f{ ====
NUC1 iH
P1 8.60
PL1 -2.00
SFO1 300.1321009

F2 - Processing parameters

SI 32768
SF 300.1300152
WOW EM
ssB 0
LB 0.30
GB ]
PC 1.00

1D NMR plot parameters

CX 23.00
cY 12.50
Fip 12.370
F1 3712.54
Fap -0.390
F2 -116.96
PPMCM 0.55476
HZCM 166. 49881

MHz

cm
cm
ppm

Hz

ppm

Hz
ppm/em
Hz/cm
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13d

O
Current Data Parameters
NAME XZX
A E R LR R L T B R e R R R R S 28
< N R L e R P R g L :
e I~ P e P~ P~~~ P~ f~ 0 0 00O OO W W T T OO O] OO OO e e F2 - Acquisition Parameters
Date_ 20100719
Time i2.41
INSTRUM av300
’ PROBHD 5 mm GNP 1H/13
PULPROG 2930
0 65536
SOLVENT coc13
NS i2
Ds 0
SWH 6172.839 Hz
FIDRES 0.094190 Hz
AQ 5.3084660 sec
RG 80.6
OW B1.000 usec
DE 6.00 usec
TE 298.6 K
01 2.00000000 sec
MCREST €.00000000 sec
MCWRK 0.01500000 sec
szss=s== CHANNEL f] ========
NUC1 1H
P1 8.60 usec
PL1 -2.00 dé
SFO1 300.1318534 MHz
F2 = Processing parameters
S1 32768
SF 300.1299925 MHz
WOHW EM
SSB 0
LB 0.30 Hz
6B 0
PC 1.00
—A g 10 NMR plot parameters
CX 20.00 cm
cY 4.00 cm
FiP 11.850 ppm
o _.=.._. .Auuh mm M m n.w. M % muu & F1 3556.39 Hz
g S8l (& || - = 2l8|88|s F2p 0.039 pon
& ailm| <l < ol )y i ) = i 21000
= PPMCM 0.59053 ppm/cm
HZCM 177.23679 Hz/cm
TTITTTTTT _\_J_.u_l.-l_..._,..1 «Iﬂ.jl_wjl-lm‘j\_\l_i;«. TTTT A.ﬂ._l_J-.AJ.._..._.._ «.«,_.‘—Jl-l-l-\_.d.« LB B E R e L | TTTTTTTTT # TTEFFTT T T T ryr ey T [TTTTT T T T ITIrrerTT

ppm 11 10 9 B 7 53 5 4 3 2 1
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7.75941
7.73379
7.61963
7.54891
7.53901
7.51415
7.50425
7.44215
7.41723
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Integral

Iz}
=
il
[=2]
™

M~

e =

12611
5.28698

Lo N0 m
o o w w
oo o
=R =y
B T om
T T T T

7.31793
7.31097
7.29893
7.27141
7.26598
6.62216
6.61228
6.568829
6.57837
6.29223
6.28541
6.25832
6.25151
6.16770
6.16087
6.13295
———3.28584

———3.68803
T —3.62981
TT—3.22661

1.0387
1.0209
1.0000

L e

Current Data Parameters

NAME XZX
EXPNO 1018
PROCNO 1

F2 - Acquisition Parameters
Date _ 20100919

Time 22.08
INSTRUM av300
PROBHD 5 mm GNP 1H/13
PULPROG 2930

10 65536
SOLVENT CDC13

NS 16

0s 1

SHH 4789.272 Hz
FIDRES 0.073078 Hz
AQ 6.8420086 sec
RG 181

DW 104.400 usec
DE 6.00 usec
TE 301.0 K

D1 1.00000000 sec
MCREST 0.00000000 sec
MCHRK 0.01500000 sec
s======= CHANNEL f1 ========
NUC1 1H

P1 7.90 usec
PL1 -2.00 oB
SFO1 300.1321009 MHz

F2 - Processing parameters

51 32768

SF 300.1300042 MHz
WOW EM

S5B 0

LB 0.30 Hz

GB b}

PC 1.00

10 NMR plot parameters

jobd : 23.00 cm

cYy 3.00 cm
F1P 10.044 ppm
Fi 3014.53 Hz
Fep 2.373 ppm
F2 712.19 Hz
PPMCM 0.33353 ppm/cm
HZCM 100.10163 Hz/cm
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==m====== CHANNEL fl ==s=====

NUC1 1H
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PL1 -2.00 dB
SFO1 300.1318534 MHz
sI 32768

SF 300.1299761 MHz

wDwW EM
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LB 0.30 Hz
% E ﬁr|$| = 0
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