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General information

All melting points were determined on a Yanaco melting point apparatus and are uncorrected. Infrared spectra were recorded on a Hitachi
270-30 or a Horiba FT-710 model spectrophotometer. 'H and *C NMR spectral data were obtained with a Bruker Avance-600, a JEOL
JINM-EX 500, or a JEOL JNM-EX 300 instrument and chemical shifts are reported in ppm down field from tetramethylsilane (TMS) using an
internal standard of TMS or CDCl;. HRMS analysis were performed on a Bruker Daltonics microTOF or a Hitachi double-focusing M-80B

spectrometer. Elemental analyses were performed with a YANACO CHN-CODER MT-6 model analyzer.

Experimental Procedure
2-Benzylidene-4-phenylbut-3-enal (1a)

| Ph A mixture of a-bromocinnamaldehyde (10.0 g, 47.4 mmol), tri(o-tolyl)phosphine (1.44 g, 4.73 mmol), styrene (6.17 g, 59.2

O A7
Ph mmol), palladium(Il) acetate (531 mg, 2.37 mmol), and triethylamine (20.0 g, 198 mmol) was heated at 80 °C for 8 h. The

mixture was condensed under reduced pressure, and the residue was purified by column chromatography on silica gel with to give aldehyde 1a
(7.32 g, 66%) as yellow solid; mp 66-68 °C; 'H NMR (400 MHz, CDCl;) § 6.98 (ddd, 1H, J = 1.0, 2.0, 10.5 Hz), 7.25-7.29 (m, 4H), 7.40-7.49
(m, SH), 7.54-7.57 (m, 2H), 7.67 (d, 1H, J = 16.6 Hz), 9.76 (d, 1H, J = 2.0 Hz); BC NMR (100 MHz, CDCl;) 6 119.20 (CH), 126.77 (3CH),
128.20 (CH), 128.66 (CH), 128.76 (2CH), 129.82 (CH), 130.29 (2CH), 135.03 (C), 135.90 (CH), 136.19 (C), 137.30 (C), 149.85 (CH), 194.09
(C); LRMS-FAB m/z (ion, % relative intensity): 235 ([M+H]', 100), 205 (62), 154 (40), 91 (54); HRMS-EI m/z [M]" caled for Ci7H,,0:

234.1045, found: 234.1054.

4-Formyl-5-phenylpenta-2,4-dienoic acid methyl ester (1b)

Ph ~
/“/\/\ To a solution of a-bromocinnamaldehyde (1.0 g, 4.7 mmol) in toluene (50 mL) was added (2E)-3-(tributylstannyl)-
=~ ~CO,Me

Ox

2-propenoic acid methyl ester®' (2.11 g, 5.91 mmol) and Pd(PPhs), (277 mg, 0.24 mmol, 5 mol %), and the mixture was
heated at 110 °C for 45 h. The mixture was condensed under reduced pressure, and the residue was purified by silica gel column
chromatography to yield aldehyde 1b (941 mg, 92%) as yellow oil; IR (NaCl): 1678 cm™'; 'H NMR (400 MHz, CDCL3) & 3.79 (s, 3H, Me), 7.02
(d, 1H, J = 16.1 Hz), 7.47-7.60 (m, 7H), 9.73 (d, 1H, J = 2.4 Hz); *C NMR (100 MHz, CDCl3) 6 51.79 (CHs), 125.12 (CH), 129.00 (2CH),
130.62 (2CH), 130.89 (CH), 133.86 (C), 133.93 (C), 134.37 (CH), 154.69 (CH), 167.56 (C), 192.00 (CH); HRMS-ESI calcd for C3H;,0sNa

[M+Na]": 239.0678, found: 239.0679.

1,4-Diphenyl-5-styryl-3-(toluene-4-sulfonyl)-3,4-dihydro-1H-pyrimidin-2-one (3a)
Ts

0. N I:I“Ph To a 1,2-dichloroethane (10 mL) solution of aldehyde 1 (100 mg, 0.43 mmol), aniline (48.4 mg, 0.52 mmol), and
5 H8

- j\j/ _ - triethylamine (191 mg, 1.89 mmol) cooled by an ice bath, was added a 1.0 M dichloromethane solution of titanium

He  H7 tetrachloride (0.43 mL, 0.43 mmol). After the ice bath was removed, the mixture was stirred for 30 min, and then tosyl

isocyanate (0.10 mL, 0.65 mmol) was added. The mixture was heated at 80 °C for 5 h, and the reaction was quenched by aqueous sodium
hydrogen carbonate. The mixture was extracted with dichloromethane, dried over anhydrous magnesium sulfate, and then evaporated. The
residue was purified by column chromatography on silica gel with AcOEt/hexane (1/3, v/v) as an eluent to yield 3a (211 mg, 97%) as colorless
crystals; mp 204-206 °C; IR (KBr): 1652, 1590, 1484, 1344, 1162 cm™'; 'H NMR (400 MHz, CDCl3) & 2.29 (s, 3H, Me), 6.52 (s, 1H, H-6), 6.53
(d, 1H, J = 13.4 Hz, H-4), 6.61 (d, 2H, J = 13.4 Hz, H-7+H-8), 7.01 (d, 2H, J = 8.1 Hz, Ar), 7.18-7.43 (m, 15H, Ar), 7.53-7.55 (m, 2H, Ar); °C

NMR (100 MHz, CDCl;) & 21.51 (CHj), 58.94 (CH), 118.69 (C), 122.97 (CH), 126.13 (2CH), 126.40 (2CH), 127.58 (2CH), 127.60 (CH),

St H. Oda, T. Kobayashi, M. Kosugi and T. Migita, Tetrahedron, 1995, 51, 695-702.
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127.63 (CH), 127.88 (CH), 128.09 (CH), 128.66 (2CH), 128.81 (2CH), 128.85 (CH), 128.89 (2CH), 129.13 (2CH), 129.31 (CH), 129.32 (CH),
136.12 (C), 136.77 (C), 139.24 (C), 139.43 (C), 144.15 (C), 148.73 (C); LRMS-FAB m/z (ion, % relative intensity): 507 ((M+H]", 83), 351 ([M—

Ts]', 14), 310 ([M—TsNCO]", 49), 231 (42), 185 (54); HRMS-FAB m/z [M+H]" calcd for C;H,;N,05S: 507.1742, found: 507.1749.

4-Phenyl-5-styryl-3-(toluene-4-sulfonyl)-1-p-tolyl-3,4-dihydro-1H-pyrimidin-2-one (3b)
Ts

0 N I:I“Ph Colorless crystals; mp 135-137 °C; IR (KBr): 1650, 1344, 1162 em ', 'TH NMR (500 MHz, CDCls) 6 2.29 (s, 3H,
5 HS
N 7\: — - Me (Tol)), 2.34 (s, 3H, Me (Ts)), 6.49 (s, 1H, H-4), 6.54 (s, 1H, H-6), 6.58 (d, 1H, J=16.2 Hz, H-7), 6.63 (d, 1H,
|
Me = HE  H7 J=16.2 Hz, H-8), 7.00 (d, 2H, J = 8.2 Hz, Ar), 7.18-7.36 (m, 14H, Ar), 7.51-7.54 (m, 2H, Ar); BC NMR (126

MHz, CDCl3) § 21.00 (CHs), 21.44 (CH,), 58.90 (CH), 118.48 (C), 123.06 (CH), 126.12 (2CH), 126.17 (2CH), 127.49 (CH), 127.53 (CH),
127.56 (2CH), 128.30 (CH), 128.62 (2CH), 128.76 (3CH), 128.92 (2CH), 129.07 (2CH), 129.86 (2CH), 136.22 (C), 136.69 (C), 136.83 (C),
137.88 (C), 139.47 (C), 144.01 (C), 148.79 (C); LRMS-FAB m/z (ion, % relative intensity): 521 ((M+H]", 100), 366 ([M—Ts]", 12), 324 ([M—

TsNCOT", 39), 289 (13), 246 (36), 185 (13), 154 (42); HRMS-FAB m/z [M+H]" calcd for C3,H,0N,05S: 521.1898, found: 521.1898.

1-Benzyl-4-phenyl-5-styryl-3-(toluene-4-sulfonyl)-3,4-dihydro-1H-pyrimidin-2-one (3¢)

Colorless crystals; mp 181-183 °C; IR (KBr): 1638, 1594, 1340, 1160 cem™; 'H NMR (400 MHz, CDCls) & 2.35 (s, 3H,

[ |:|4
OYN ; I:'hHB Me), 4.65 (d, 1H, J = 14.9 Hz, CH, (Bn)), 4.76 (d, 1H, J = 14.9 Hz, CH, (Bn)), 6.25 (s, 1H, H-4), 6.48 (d, IH, J=16.3
N__~
Bn He W7 Ph Hz, H-7), 6.50 (s, 1H, H-6), 6.57 (d, 1H, J=16.3 Hz, H-8), 7.10-7.19 (m, 5H, Ar), 7.24-7.39 (m, 10H, Ar), 7.37-7.39 (m,

2H, Ar), 7.47 (d, 2H, J = 8.5 Hz, Ar); *C NMR (100 MHz, CDCl3) & 21.57 (CH;), 50.15 (CH,), 58.33 (CH), 118.48 (C),
123.20 (CH), 126.08 (2CH), 126.71 (CH), 127.19 (CH), 127.48 (2CH), 127.49 (CH), 127.97 (CH), 128.03 (CH), 128.60 (2CH), 128.65 (CH),
128.72 (2CH), 128.82 (2CH), 128.93 (CH), 128.95 (2CH), 135.89 (2CH), 135.90 (C), 136.36 (C), 136.75 (C), 139.07 (C), 144.18 (C), 149.56
(C); LRMS-FAB m/z (ion, % relative intensity): 521 (IM+H]", 93), 366 ([M-Ts]", 12), 324 ([M—TsNCO]", 21), 246 (23), 185 (60), 154 (78);

HRMS-FAB m/z [M+H]" caled for C3,H,N,05S: 521.1898, found: 521.1902.

3-[1-Benzyl-2-0x0-4-phenyl-3-(toluene-4-sulfonyl)-1,2,3,4-tetrahydropyrimidin-5-yl]acrylic acid methyl ester (3d)

Ts Colorless crystals; mp 178—180 °C; IR (KBr): 1678, 1612, 1344, 1160 em ', '"H NMR (500 MHz, CDCl5) & 2.34 (s,
1 H4
(0] N._:_Ph
Y T H8 3H, Me (Ts)), 3.67 (s, 3H, Me (CO,Me)), 4.67 (d, 1H, J = 15.0 Hz, CH, (Bn)), 4.78 (d, 1H, J = 15.0 Hz, CH, (Bn)),
Bn- PN coMe

5.79 (d, 1H, J = 15.9 Hz, H-8), 6.30 (s, 1H, H-4), 6.50 (s, 1H, H-6), 7.07-7.18 (m, SH, H-7+Ar), 7.25-7.31 (m, 8H,
Ar), 7.39 (d, 2H, J = 8.2 Hz, Ar); >C NMR (126 MHz, CDCls) & 21.54 (CH3), 50.41 (CH,), 51.53 (CH3), 58.39 (CH),
115.36 (CH), 115.92 (C), 127.51 (2CH), 128.08 (2CH), 128.34 (CH), 128.81 (2CH), 128.92 (2CH), 128.95 (CH), 128.98 (2CH), 129.04 (2CH) ,
133.01 (CH), 135.38 (C), 139.97 (C), 138.50 (C), 139.35 (CH), 144.38 (C), 149.13 (C), 167.05 (C); LRMS-EI 502 (IM]", 1.4), 471 ((M—OMe]",

3), 425 (3), 347 (IM=Ts]", 51), 246 (14), 91 (100); HRMS-EI caled for CosH6N,0sS [M]: 502.1562, found: 502.1568.

2-Oxo-1,4,6-triphenyl-3-(toluene-4-sulfonyl)-1,2,3,4,6,8a-hexahydroquinazoline-7,7,8,8-tetracarbonitrile (4a)

To a solution of 3a (100 mg, 0.18 mmol) in dichloromethane (5 mL) was added tetracyanoethylene 38.4 mg (0.30 mmol).

Ts
[ |:|4
OY : . Ph The mixture was stirred for 4 h at room temperature, and then condensed under reduced pressure. The residue was purified
. HS
Ph H6 by column chromatography on silica gel with EtOAc/Hex (1/3, v/v) as an eluent to yield 4a (101.6 mg, 90%) as colorless
NC
Ph
NCNC CN crystals; mp 166-168 °C; IR (KBr): 1682, 1594, 1488, 1366, 1168 cm™'; 'H NMR (400 MHz, CDCl3) 5 2.46 (s, 3H, Me),

4.65 (dd, 1H, J=2.4, 4.0 Hz, H-6), 4.86 (dd, 1H, J = 2.4, 2.4 Hz, H-8a), 6.57 (s, 1H, H-4), 6.68 (dd, 1H, J=2.4, 4.0 Hz, H-5), 6.80 (d, 2H, J =
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7.6 Hz, Ar), 7.16-7.56 (m, 15H, Ar), 7.98 (d, 2H, J = 8.6 Hz, Ar); °C NMR (126 MHz, CDCls) § 21.77 (CHs), 40.82 (C), 43.72 (C), 47.53 (CH),
61.23 (CH), 61.80 (CH), 107.17 (C), 108.93 (C), 109.05 (C), 111.22 (C), 124.42 (CH), 125.02 (3CH), 128.46 (CH), 129.04 (2CH), 129.13
(3CH), 129.18 (CH), 129.64 (2CH), 129.92 (3CH), 130.10 (CH), 130.19 (C), 130.96 (CH), 131.47 (2CH), 135.00 (C), 135.40 (C), 136.48 (2C),
145.57 (C), 149.63 (C); LRMS-FAB m/z (ion, % relative intensity): 635 ((M+H]", 69), 507 ((M~TCNE]", 16), 310 (27), 246 (18), 232 (17), 185

(30); Anal. Calcd. for C3;H,6N6O5S: C, 70.02; H, 4.13; N, 13.24; Found: C, 69.62; H, 3.97, N, 13.12.

2-Oxo0-4,6-diphenyl-3-(toluene-4-sulfonyl)-1-p-tolyl-1,2,3,4,6,8a-hexahydroquinazoline-7,7,8,8-tetracarbonitrile (4b)

Colorless crystals; mp 152—154 °C; IR (KBr): 1686, 1594, 1490, 1386, 1166 em™'; 'H NMR (400 MHz, CDCl3) 6

Ts
[ |:|4
Oﬁ/ﬂsf Ph 229 (s, 3H, Me (p-Tol)), 2.46 (s, 3H, Me (Ts)), 4.64 (dd, 1H, J = 2.4, 3.9 Hz, H-6), 4.82 (dd, 1H, J = 2.4, 2.4 Hz,
N HS
P'V'eCsH"t\l . we  H-8a), 6.59 (s, 1H, H-4), 6.67 (dd, 1H, J = 2.4, 3.9 Hz, H-5), 6.69 (d, 2H, J = 6.6 Hz, Ar), 7.09 (d, 2H, J = 8.3 Hz,
Ph
NC

NG CN Ar), 7.14 (dd, 2H, J = 1.0, 7.1 Hz, Ar), 7.32 (d, 2H, J = 8.3 Hz, Ar), 7.39-7.57 (m, 8H, Ar), 7.97 (d, 2H, J = 8.3 Hz,
Ar); 3C NMR (100 MHz, CDCl3) § 21.19 (CH;), 21.72 (CHs), 40.82 (C), 43.73 (C), 47.47 (CH), 61.14 (CH), 61.78 (2CH), 107.17 (C), 108.95
(C), 109.11 (C), 111.19 (C), 124.28 (CH), 124.99 (2CH), 128.08 (CH), 128.99 (2CH), 129.10 (2CH), 129.56 (2CH), 129.83 (2CH), 130.15 (C),
130.23 (C), 130.45 (2CH), 130.90 (2CH), 131.43 (2CH), 134.04 (C), 134.99 (C), 135.36 (C), 140.40 (C), 145.47 (C), 149.71 (C); LRMS-FAB
miz (ion, % relative intensity): 649 ([M+H]", 59), 520 (19), 324 (21), 289 (10), 246 (26), 185 (66); HRMS-FAB m/z [M+H]" calcd for

C3gH29N6O3SI 6492022, found: 649.2025.

1-Benzyl-2-0x0-4,6-diphenyl-3-(toluene-4-sulfonyl)-1,2,3,4,6,8a-hexahydroquinazoline-7,7,8,8-tetracarbonitrile (4c)

0 LS I;|4Ph Colorless crystals; mp 123—-125 °C; IR (KBr): 1688, 1364, 1170 cm ' 'TH NMR (500 MHz, CDCl;) 6 2.49 (s, 3H, Me), 4.34
B j\j/HB H5 (d, 1H, J =159 Hz, CH, (Bn)), 4.36 (dd, 1H, J = 2.8, 2.8 Hz, H-6), 4.58 (dd, 1H, J= 2.8, 2.8 Hz, H-8a), 5.32 (d, 1H, J =
n
H6
NC 15.9 Hz, CH, (Bn)), 6.42 (s, 1H, H-4), 6.43 (d, 2H, J = 7.3 Hz, Ar), 6.57 (dd, 1H, J = 2.8, 2.8 Hz, H-5), 6.96 (dd, 2H, J =
Ph
NCNC CN

7.3,7.3 Hz, Ar), 7.11-7.14 (m, 3H, Ar), 7.26-7.54 (m, 10H, Ar), 8.09 (d, 2H, J = 8.2 Hz, Ar); >C NMR (126 MHz, CDCl;)
8 21.79 (CHs), 41.95 (C), 45.44 (C), 47.30 (CH), 48.89 (CH,), 56.26 (CH), 61.58 (CH), 107.54 (C), 108.93 (C), 110.77 (C), 111.54 (C), 125.10
(2CH), 126.55 (CH), 128.28 (CH), 128.73 (2CH), 128.76 (CH), 128.89 (2CH), 129.37 (2CH), 129.41 (2CH), 129.66 (2CH), 129.92 (2CH),
130.45 (2CH), 130.81 (CH), 131.80 (C), 131.92 (C), 132.58 (C), 134.75 (C), 135.41 (C), 145.76 (C), 151.34 (C); LRMS-FAB m/z (ion, %
relative intensity): 649 ([M+H]", 9), 635 (54), 507 ((M-TCNE]", 16), 310 (31), 232 (24), 185 (35), 154 (100); Anal. Calcd. for C33H,5N05S: C,

70.35; H, 4.35; N, 12.95. Found: C, 70.38; H, 4.16; N, 13.08.

2,4,6,9-Tetraphenyl-7-(toluene-4-sulfonyl)-3a,6,7,9,9a,9b-hexahydro-4H-2,7,9-triazacyclopenta[a|naphthalene-1,3,8-trione (5a)

A solution of 4a (100 mg, 0.20 mmol), N-phenylmaleimide (52 mg, 0.30 mmol) in toluene (5 mL) was heated at 110 °C for
9 h. The mixture was condensed under reduced pressure, and the residue was purified by silica gel chromatography with
AcOEt/Hex (1/2, v/v) as an eluent to yield 5a (119.6 mg, 88%) as a colorless solid; mp 293-294 °C; IR (KBr): 1688, 1372,

1260, 1164, 1086, 1014 cm™'; 'H NMR (400 MHz, CDCls) § 2.32 (s, 3H, Me (Ts)), 3.36 (m, 2H, H-9b+H-4), 3.62 (dd, 1H,

J=42,42 Hz, H-3a), 4.42 (dd, 1H, J = 3.2, 2.7 Hz, H-9a), 6.45 (s, 1H, H-6), 6.63 (dd, 1H, J = 3.2, 3.2 Hz, H-5), 7.03 (d,
2H, J = 8.3 Hz, Ar), 7.12 (d, 2H, J = 7.6 Hz, Ar), 7.21-7.46 (m, 18H, Ar), 7.75 (d, 2H, J = 8.2 Hz, Ar); >C NMR (100 MHz, CDCl;) & 21.54
(CH3), 40.88 (CH), 41.56 (CH), 44.59 (CH), 58.67 (CH), 61.34 (CH), 124.42 (CH), 125.75 (2CH), 126.42 (2CH), 127.54 (CH), 127.94 (CH),
128.17 (CH), 128.43 (CH), 128.51 (2CH), 128.62 (2CH), 128.68 (2CH), 128.85 (2CH), 128.86 (2CH), 128.89 (2CH), 129.25 (2CH), 129.31

(2CH), 131.36 (C), 136.01 (C), 137.08 (C), 137.62 (C), 137.92 (C), 139.34 (C), 141.14 (C), 151.46 (C), 173.11 (C), 173.72 (C); LRMS-FAB m/z
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(ion, % relative intensity): 680 ([M+H]", 100), 352 (19), 310 (43), 243 (46), 91 (47); HRMS-FAB m/z [M+H]" calcd for C4;H3sN;0sS: 680.2219,

found: 680.2217.

2,4,6-Triphenyl-7-(toluene-4-sulfonyl)-9-p-tolyl-3a,6,7,9,9a2,9b-hexahydro-4H-2,7,9-triazacyclopentaa]naphthalene-1,3,8-trione (Sb)

Colorless crystals; mp 281-282 °C; IR (KBr): 1696, 1416, 1374, 1162, 1084, 1014 cm’l; 'H NMR (400 MHz,
CDCl3) 6 2.30 (s, 3H, Me (p-Tol)), 2.33 (s, 3H, Me (Ts)), 3.38 (dd, 1H, J = 6.6, 8.5 Hz, H-9b), 3.43 (dd, 1H, J= 6.6,
8.5 Hz, H-3a), 3.62 (br ddd, 1H, J=3.2, 3.2, 6.3 Hz, H-4), 4.40 (m, 1H, H-9a), 6.44 (s, 1H, H-6), 6.64 (dd, 1H, J =

3.2,3.2 Hz, H-5), 7.04 (d, 2H, J = 8.5 Hz, Ar), 7.12 (dd, 4H, J = 4.9, 7.3 Hz, Ar), 7.19-7.47 (m, 15H, Ar), 7.76 (d,

2H, J = 8.3 Hz, Ar); *C NMR (100 MHz, CDCl;) & 21.07 (CH3), 21.57 (CHs), 40.89 (CH), 41.56 (CH), 44.68 (CH),
58.75 (CH), 61.39 (CH), 124.34 (CH), 125.80 (2CH), 126.44 (3CH), 127.60 (CH), 127.93 (CH), 128.35 (2CH), 128.45 (CH), 128.55 (2CH),
128.70 (2CH), 128.85 (3CH), 128.91 (2CH), 129.34 (2CH), 129.96 (2CH), 131.36 (C), 136.01 (C), 136.70 (C), 137.22 (C), 137.63 (C), 137.96
(C), 138.23 (C), 144.11 (C), 151.61 (C), 173.14 (C), 173.77 (C); LRMS-FAB m/z (ion, % relative intensity): 694 ([M+H]", 100), 456 (10), 366
(13), 324 (28), 289 (14), 246 (35), 243 (29); HRMS-FAB m/z [M+H]" calcd for C4Hs6N;05S: 694.2376, found: 694.2376; Anal. Caled. for

C43H39N3058: C, 72.76; H, 5.54; N, 5.92. Found C, 72.35; H, 4.96; N, 6.01.

9-Benzyl-2,4,6-triphenyl-7-(toluene-4-sulfonyl)-3a,6,7,9,9a,9b-hexahydro-4H-2,7,9-triazacyclopenta[a|naphthalene-1,3,8-trione (5¢)

Colorless crystals; mp 259-261 °C; IR (KBr): 1672, 1596, 1486, 1428, 1364, 1332, 1162, 1086 cm™"; '"H NMR (400 MHz,
CDCl3) 6 2.33 (s, 3H, Me (Ts)), 3.43 (dd, 1H, J = 7.3, 9.0 Hz, H-9b), 3.59 (m, 2H, H-3a+H-4), 3.86 (ddd, 1H, J=2.4, 2.4,
6.4 Hz, H-9a), 4.04 (d, 1H, J=15.9 Hz, CH, (Bn)), 5.46 (d, 1H, J = 15.9 Hz, CH, (Bn)), 6.34 (s, 1H, H-6), 6.58-6.60 (m,

3H, Ar+H-5), 6.98-7.06 (m, 4H, Ar), 7.12-7.18 (m, 2H, Ar), 7.24-7.45 (m, 14H, Ar), 7.84 (d, 2H, J = 8.3 Hz, Ar); °C

NMR (100 MHz, CDCly) & 21.65 (CHj), 39.64 (CH), 40.80 (CH), 47.57 (CH), 51.83 (CH), 53.41 (CH,), 60.67 (CH),
125.33 (CH), 125.81 (2CH), 126.47 (2CH), 127.59 (CH), 127.70 (CH), 127.74 (2CH), 127.83 (CH), 128.13 (CH), 128.42 (CH), 128.54 (2CH),
128.70 (2CH), 128.75 (2CH), 128.90 (2CH), 128.97 (2CH), 129.01 (2CH), 129.28 (2CH), 131.41 (C), 135.16 (C), 135.73 (C), 136.47 (C),
137.30 (C), 137.54 (C), 137.76 (C), 172.50 (C), 173.82 (C); LRMS-FAB m/z (ion, % relative intensity): 694 ([M+H]", 50), 307 (9), 289 (10),

246 (22), 185 (40), 154 (100); HRMS-FAB m/z [M+H]" calcd for C4,H3sN305S: 694.2376, found: 694.2381.

9-Benzyl-1,3,8-trioxo-2,6-diphenyl-7-(toluene-4-sulfonyl)-2,3,3a,4,6,7,8,9,9a,9b-decahydro-1H-2,7,9-triazacyclopentala]naphthalene-4-ca

rboxylic acid methyl ester (5d)
Ts

o N I;IBPh Colorless crystals; mp 273-276 °C; IR (KBr): 1702, 1428, 1340, 1168, 1088 cem ', 'TH NMR (500 MHz, CDCl3) 6 2.34
Bn/\EDHQa :j (s, 3H, Me (Ts)), 3.05 (ddd, 1H, J=2.7, 3.0, 6.1 Hz, H-4), 3.59 (dd, 1H, J= 7.5, 9.0 Hz, H-9b), 3.66 (ddd, 1H, J=2.7,
o Hs§302Me 2.9, 7.5 Hz, H-9a), 3.82 (dd, 1H, J= 6.1, 9.0 Hz, H-3a), 3.86 (s, 3H, Me (CO,Me)), 4.05 (d, 1H, /= 15.8 Hz, CH, (Bn)),
Ph/N o) 5.43 (d, 1H, J = 15.8 Hz, CH, (Bn)), 6.27 (s, 1H, H-6), 6.54 (d, 2H, J= 7.6 Hz, Ar), 6.71 (dd, 1H, J=2.9, 3.0 Hz, H-5),

7.01 (m, 3H, Ar), 7.04 (d, 3H, J = 8.0 Hz, Ar), 7.13 (m, 1H, Ar), 7.23 (dd, 2H, J = 7.6, 7.6 Hz, Ar), 7.30 (m, 1H, Ar), 7.39 (d, 3H, J = 7.3 Hz,
Ar), 7.45 (dd, 2H, J = 7.3, 7.3 Hz, Ar), 7.82 (d, 2H, J = 8.0 Hz, Ar); *C NMR (126 MHz, CDCl;) & 21.78 (CH3), 39.14 (CH), 39.67 (CH), 41.16
(CH), 47.78 (CH,), 51.91 (CHj), 52.89 (CH), 60.69 (CH), 121.28 (CH), 125.90 (2CH), 126.65 (2CH), 127.93 (2CH), 127.95 (CH), 128.01 (CH),
128.84 (CH), 128.91 (2CH), 129.08 (2CH), 129.13 (2CH), 129.19 (2CH), 129.37 (2CH), 131.32 (C), 134.98 (C), 135.88 (C), 136.18 (C), 137.31
(C), 144.59 (C), 152.79 (C), 169.95 (C), 172.41 (C), 175.04 (C); LRMS-EI 675 (IM]", 5), 611 (34), 520 ([M=Ts]", 61), 347 (31), 91 (100);

HRMS-EI caled for C3gH33N30,S [M]: 675.2039, found: 675.2032.
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8-Acetyl-1,4,6-triphenyl-3-(toluene-4-sulfonyl)-3,4,6,7,8,8a-hexahydro-1H-quinazolin-2-one (6a)

To a solution of 3a (100 mg, 0.20 mmol) and methyl vinyl ketone (21 mg, 0.30 mmol) in dichloromethane (5 mL) was

Ts
i~ H4
O\\]'/387 Ph added 1.0 M dichloromethane solution of trimethylsilyl trifluoromethanesulfonate (40 pL, 40 pmol) at —20 °C. The
_N H5
Ph resulting mixture was warmed to 0 °C and stirred for 36 h. The mixture was quenched by sodium hydrogen carbonate,
\'Ph
MeOC "~ H3L:

H7H7H6 extracted with dichloromethane, and dried over magnesium sulfate. The solvent was evaporated, and the residue was
purified by column chromatography on silica gel with AcOEt/Hex (1/2, v/v) to yield 6a (61.1 mg, 53%) as colorless crystals; mp 254-256 °C;
IR (KBr): 1668, 1592, 1414, 1346, 1242, 1150 cm™'; "H NMR (600 MHz, CDCl3) & 1.35 (s, 3H, Me (COMe)), 2.31 (m, 2H, H-7+H-7"), 2.39 (dd,
1H, J=4.3, 8.5 Hz, H-8), 2.42 (s, 3H, Me (Ts)), 3.76 (ddd, 1H, J=3.2, 3.2, 9.5 Hz, H-6), 4.11 (ddd, 1H, J = 3.2, 3.4, 8.5 Hz, H-8a), 6.27 (dd,
1H, J=3.2, 3.4 Hz, H-5), 6.50 (s, 1H, H-4), 6.76 (d, 2H, J= 7.9 Hz, Ar), 7.18 (d, 2H, J = 7.2 Hz, Ar), 7.22 (d, 3H, J= 7.3, 7.8 Hz, Ar), 7.25 (d,
3H, J=4.2, 8.1 Hz, Ar), 7.32-7.38 (m, 7H, Ar), 7.95 (d, 2H, J = 8.2 Hz, Ar); "*C NMR (151 MHz, CDCl;) 6 21.65 (CH3), 27.47 (CH3), 31.83
(CH,), 38.20 (CH), 45.47 (CH), 58.19 (CH), 63.03 (CH), 124.51 (CH), 125.83 (2CH), 126.68 (CH), 127.51 (CH), 127.76 (CH), 127.94 (2CH),
128.47 (2CH), 128.84 (2CH), 128.86 (2CH), 129.03 (4CH), 129.14 (2CH), 133.60 (C), 137.15 (C), 138.57 (C), 139.10 (C), 142.42 (C), 143.80
(C), 151.30 (C), 205.32 (C); LRMS-FAB m/z (ion, % relative intensity): 577 ((IM+H]", 23), 307 (17), 289 (14), 246 (52), 219 (17), 185 (86), 154

(100); HRMS-EI m/z [M]" caled for C35sH3,N,0,S: 576.2083, found: 576.2081.

8-Acetyl-4,6-diphenyl-3-(toluene-4-sulfonyl)-1-p-tolyl-3,4,6,7,8,8a-hexahydro-1H-quinazolin-2-one (6b)
Colorless crystals; mp 228-230 °C; IR (KBr): 1672, 1412, 1346, 1244, 1156 em™; 'H NMR (600 MHz, C¢Dg) o
0.96 (s, 3H, Me (COMe)), 1.44 (ddd, 1H, J=5.2, 7.6, 15.0 Hz, H-7), 1.65 (dd, 1H, J=3.1, 15.0 Hz, H-7"), 1.86 (s,

3H, Me (p-Tol)), 1.94 (s, 3H, Me (Ts)), 1.96 (ddd, 1H, J=3.1, 5.2, 7.4 Hz, H-8), 3.13 (ddd, 1H, J=3.4, 3.8, 7.6 Hz,

H-6), 3.93 (ddd, 1H, J = 2.2, 3.4, 7.4 Hz, H-8a), 5.79 (dd, 1H, J = 2.2, 3.8 Hz, H-5), 6.72 (d, 2H, J = 8.4 Hz, Ar),
6.76 (d, 2H, J = 8.4 Hz, Ar), 6.79 (s, 1H, H-4), 6.88 (d, 2H, J = 8.1 Hz, Ar), 7.00 (d, 2H, J = 7.4 Hz, Ar), 7.04 (dd, 1H, J = 7.3, 7.3 Hz, Ar),
7.10-7.15 (m, 5H, Ar), 7.59 (d, 2H, J = 7.4 Hz, Ar), 8.37 (d, 2H, J = 8.1 Hz, Ar); °*C NMR (151 MHz, CDCl3) & 21.03 (CHj), 21.66 (CHj),
27.53 (CHs), 31.83 (CH,), 38.21 (CH), 45.49 (CH), 58.13 (CHj), 63.08 (CH), 124.45 (CH), 125.85 (2CH), 126.65 (CH), 127.62 (2CH), 127.75
(CH), 128.46 (2CH), 128.82 (2CH), 128.88 (2CH), 128.90 (2CH), 129.07 (2CH), 129.77 (2CH), 133.65 (C), 136.39 (C), 137.17 (C), 137.42 (C),
138.60 (C), 142.52 (C), 143.75 (C), 151.40 (C), 205.40 (C); LRMS-FAB m/z (ion, % relative intensity): 591 ((M+H]", 45), 307 (14), 289 (11),

246 (26), 219 (11), 185 (20), 154 (100); HRMS-EI m/z [M]" calcd for C36H3sN,0,S: 590.2239, found: 590.2240.

8-Acetyl-1-benzyl-4,6-diphenyl-3-(toluene-4-sulfonyl)-3,4,6,7,8,8a-hexahydro-1H-quinazolin-2-one (6¢)

Colorless crystals; mp 204-206 °C; IR (KBr): 1662, 1342, 1162 cem; '"H NMR (500 MHz, CDCl3) 6 1.27 (s, 3H, Me

TS s
O. _N_:_Ph
Y e (COMe)), 2.28-2.29 (m, 1H, H-7), 2.29-2.35 (m, 1H, H-7'), 2.47 (s, 3H, Me (Ts)), 2.72 (dd, 1H, J = 3.8, 6.9 Hz, H-8),
N HS
Bn-
" o 350 (d, 1H, J = 15.5 Hz, CH, (Bn)), 3.50-3.53 (m, 1H, H-6), 3.69 (ddd, 1H, J= 3.2, 3.4, 6.9 Hz, H-8a), 4.94 (d, 1H, J =
MeOC ™ H&L-

Wi 15.6 Hz, CH, (Bn)), 6.16 (dd, 1H, J = 3.1, 3.2 Hz, H-5), 636 (s, 1H, H-4), 6.49 (d, 2H, J = 7.5 Hz, Ar), 6.97 (dd, 2H, J =
7.5,7.7 Hz, Ar), 7.02-7.13 (m, 3H, Ar), 7.22 (dd, 2H, J= 7.2, 7.8 Hz, Ar), 7.30 (dd, 2H, J = 7.4, 7.5 Hz, Ar), 7.34-7.41 (m, 6H, Ar), 8.11 (d, 2H,
J=8.3 Hz, Ar); *C NMR (76 MHz, CDCl3) § 21.87 (CH;), 27.38 (CH3), 31.94 (CH,), 38.00 (CH), 44.01 (CH), 47.48 (CH,), 52.86 (CH), 62.71
(CH), 125.32 (CH), 125.89 (2CH), 126.78 (CH), 127.40 (CH), 127.71 (3CH), 128.44 (2CH), 128.55 (2CH), 128.84 (2CH), 129.09 (2CH),
129.18 (2CH), 129.25 (2CH), 133.67 (C), 135.50 (C), 136.88 (C), 138.41 (C), 142.54 (C), 144.21 (C), 153.01 (C), 205.16 (C); LRMS-EI m/z

(ion, % relative intensity): 590 (M", 15), 520 (M'=MVK, 34), 435 (M'—Ts, 20), 393 (M'—TsNCO, 4), 331 (27), 91 (100); HRMS-EI m/z [M]"
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calcd for C36H34N,04S: 590.2239, found: 590.2249.

8-Acetyl-1-benzyl-2-0x0-4-phenyl-3-(toluene-4-sulfonyl)-1,2,3,4,6,7,8,8a-octahydroquinazoline-6-carboxylicacid methyl ester (endo-6d)
Colorless crystals; 'H NMR (600 MHz, CDCl;) 6 1.81 (ddd, 1H, J= 5.1, 7.5, 15.5 Hz, H-7), 1.97 (s, 3H, Me (COMe)),
2.44 (s, 3H, Me (Ts)), 2.75 (ddd, 1H, J= 1.6, 2.9, 15.5 Hz, H-7"), 2.99 (dd, 1H, J= 3.4, 8.2 Hz, H-8), 3.22 (ddd, 1H, J =

3.4,3.6,7.3 Hz, H-9a), 3.47 (m, 1H, H-6), 3.56 (d, 1H, J= 15.5 Hz, CH, (Bn)), 3.76 (s, 3H, Me (CO,Me)), 4.95 (d, 1H,

J =15.5 Hz, CH, (Bn)), 6.23-6.25 (m, 1H, H-5), 6.24 (s, 1H, H-4), 6.54 (d, 2H, J = 7.7 Hz, Ar), 6.99 (dd, 2H, J = 7.4,
7.5 Hz, Ar), 7.09 (dd, 1H, J = 7.0, 7.4 Hz, Ar), 7.29-7.36 (m, 7H, Ar), 7.99 (d, 2H, J = 8.4 Hz, Ar); *C NMR (151 MHz, CDCl;) & 21.86 (CHj),
24.46 (CH,), 29.20 (CH3), 37.99 (CH), 44.35 (CH), 47.85 (CH,), 52.55 (CHj), 52.79 (CH), 62.41 (CH), 121.91 (CH), 125.90 (2CH), 127.64
(CH), 127.84 (2CH), 127.86 (CH), 128.72 (2CH), 129.16 (2CH), 129.20 (2CH), 129.33 (2CH), 132.19 (C), 135.23 (C), 136.50 (C), 138.17 (C),

144.25 (C), 152.58 (C), 172.17 (C), 205.24 (C); HRMS-ESI calcd for C3,H3,N,0¢SNa [M+Na]": 595.1877, found: 595.1873.

8-Acetyl-1-benzyl-2-0x0-4-phenyl-3-(toluene-4-sulfonyl)-1,2,3,4,6,7,8,8a-octahydroquinazoline-6-carboxylic acid methyl ester (exo-6d)

T Colorless crystals; 'H NMR (600 MHz, CDCls) & 1.87 (ddd, 1H, J=4.2, 12.2, 15.8 Hz, H-7), 1.9 (s, 3H, Me (COMe)),
OT’:g; PhHs 2.34-2.40 (m, 1H, H-7'), 2.47 (s, 3H, Me (Ts)), 3.12 (dd, 1H, J = 4.2, 8.3 Hz, H-8), 3.31-3.37 (m, 1H, H-9a), 3.55-3.59
Bn” ] He (m, 1H, H-6), 3.66 (d, 1H, J = 15.5 Hz, CH, (Bn)), 3.77 (s, 3H, Me (CO,Me)), 5.01 (d, 1H, J = 15.5 Hz, CH, (Bn)),
MegC 7 HT ooelte 6.12 (dd, 2H, J = 2.7, 2.9 Hz, H-5), 6.22 (s, 1H, H-4), 6.51 (d, 2H, J = 7.7 Hz, Ar), 6.99 (dd, 1H, J = 7.5, 7.5 Hz, Ar),

7.11 (dd, 1H, J = 6.9, 7.2 Hz, Ar), 7.24-7.27 (m, 2H, Ar), 7.31-7.38 (m, SH, Ar), 8.03 (d, 2H, J = 8.0 Hz, Ar); °C NMR (151 MHz, CDCl;) &
21.87 (CHs), 26.34 (CH,), 28.60 (CHs), 39.42 (CH), 46.03 (CH), 47.85 (CH,), 52.61 (CHj), 52.69 (CH), 62.25 (CH), 122.67 (CH), 125.82
(2CH), 127.73 (CH), 127.84 (2CH), 127.88 (CH), 128.75 (2CH), 129.20 (2CH), 129.25 (2CH), 129.41 (2CH), 132.42 (C), 135.00 (C), 136.68

(C), 137.73 (C), 144.45 (C), 152.56 (C), 173.10 (C), 205.15 (C); HRMS-ESI caled for C3,H3,N,0¢SNa [M+Na]': 595.1869, found: 595.1873.

S7



genryou

Thy Oct 24 21: 00 21 2002

Date :

. auto_IH nndala
non

. genryou

F1leName

8 times
0 times

32768 po1nts
32768 points
7993.6 Hz
4000 Hz
50 0 usec
72 1 usec
125.1 usec
2.9007 sec
4099.2769 msec
0.5000 msec
0 24 W2
5.80 usec
399 .65 MHz
17

10.00000 msec
134300 .00 Hz

H

1

POINT
SAMPQ
FREQU
FILTR
CELAY
CEADT
INTVL
TIMES
DUMMY
PD
ACGTM
PREDL
ININT
RESOL
Pt
0BNUC
0BFRG
0BSET
RGAIN

B times

11 Hz
22.3¢C

© CDCL3

SCANS
SLWNT
SPINNING
TEMP

S8

n

Q-
O~ =
DO
QOO —
o
cCoOoO
o

4

|

LLEY”
[il444
5144
065y
6EGY
8oLy
19sv
vogy
668V

L it

T

i

¢L05

200

QCaC,

o

LSS
22es
¥995"
0529
(4]
6069
Sive
018
cges
X434
LEES
9BES
€r99
€62¢
80€¢
B5S6L
€19¢
£58¢

R R N . e R A R T ol 3 L N Ay NPy PSPy NP A S

{296 b
veL6 6
6L(6 &
vice ol

~~ 'HNMR (1a)



Takashi Otani
スタンプ


13C NMR (1a)

bem

194.068

| WWNW%WMMMWMWMW

149.851

77.321
77.000
76.687

200

Date : Thu Oct 24 21: 07: 46 2002

FileNare : auto_13C.nrgata
Comaent . bea

-EXMODE Cobem

POINT : 32768 points
SAKPQ : 32768 points
FREQU : 27100.3 Hz
FILTR : 13550 Hz
DELAY : 14.8 usec
DEADT : 19.9 usec
INTYL H 36.9 usec
TIMES : 128 times
DuMMY H 1 times
FO . . : 1.7909 sec
ACQTM - .1 1209.139] asec -
FRECL : 10.00000 msec
INIHT : 10.0000 msec
RESOL N : 0.83 H2

Pl : 4.50 usec
0BNUC T 13C

0BFAB : 100.40 M4z
CBSET ©135500.00 H2
RGAIN. H 30

IRNUC : H

IRFRO : 399.65 MH2
IRSET : 134300.00 Hz
IRRPH : 45.0 usec
IRRNS : 0

SCANS - : 128 tines
SLVNT : COCL3

SPINNING 12 Hz
TEMP 23.4C

. I S9!



Takashi Otani
スタンプ


1H NMR (1b)

new N g -
" .
Date : Fri Apr 12 16 21: 41 2002
. FileName 1 auto_iH.nadata
. Comnent oonew
R . SliceHistory
< REE S EXMODE I non
- POINT : 32768 points
FS_'A‘)E’.PS : ?32‘_':;68 points
. e = 0 9 5 1 O L = ay - : 993,6 Hz
B8 RELSTRRR 3 S FILIR . : 4000 Hz
~e nunITaosn ) P oo DELAY : 50.0 usec
o Ly : e o : P = ) . CEADT : 72.3 usec
A . . . o : INTYL : 125.1 usec
Lo . ST PR - . TIVES ; 8 times
Sl . . e ) : A oummy ¢ h 0 times
# L - . PD : 2.9007 sec
. ACOTH 1 4098,2769 msec
. PREOL : © 10.00000 msec
. : . : = . INIMT : ,0.5000 msec
_ . . . ) B RESOL : 0.24 Hz.
@ S : . : P : 5.50 usec
: 0BNUC - :IH
0BFRQ : 399.65 MHz
08SET  134300.00 Hz
RGAIN . 19
SCANS : B times
. SLVNT : CDCL3
\ SPINNING : 11 H2
B TEMP : 21.7¢C

&
T
S

7

L 1-00

0.0 7.5 , 50 2.5 L 0.0 oo S10



Takashi Otani
スタンプ


13C NMR (1b)

bcm

Date : Fr1 Apr 12 16 2% 11 2002

@ o] DYoPInS - FileName © auto_13C nmdata
[=4] A0 M U O CU T U o o =
a 3 MDD DG~ %EE 2 Corment . bem
& 2 2RBRREL N 7 EXHOLE b
POINT ; 32768 points
SAMPO : 32768 points
FREQU : 27100.3 H2
FILTR . 13550 Hz
DELAY : 14 B usec
DEADT : 19.9 usec
INTVL : 36.9 usec
TIMES : 128 times
DUMMY : 1 times
FO : 1.7909 sec
ACAT™M ¢ 1209.1393 msec
PREOL ¢ 10.00000 msec
INIWT : 10.0000 msec
RESOL : 0.83 Hz
B PNl : 4.50 vsec
( 08NUC ¢ 13C
< 08FRQ : 100.40 M4z
0BSET © 135500.00 Hz
RGAIN : 30
IRNUC C M
IRFRQ : 399,65 MHz
IRSET © 134300 00 Hz
1RFPH : 45 0 usec
IRANS : 0
SCANS : 128 times
SLYNT : COCL3
SPINNING : 10 Hz
TEWP : 22 17C

\&)



Takashi Otani
スタンプ


(3a)

MG Ph TsNCO

'"H NMR

@ o
- W w
[ VDO LL VL L W 41
o o - LOLOLUE ELUOLOWL i ~ E
=1 o— CoMNMNOVLU~~LWYLLUNGDY N Bl ~N
m .ﬁﬂv QI X DO D« NEEEX = -— To
fg=] DOORDM—OONORTY INDW o (373}
w 2 @wew o oo WO = -
= ) M QI SNSS - - . 3
P £ U T~ Y QSN OoO MO Y]
& = (a2 Xae ko1 - PR = ao
« le ~ . D @ Mmm [ac]
L. oea no =¥ -
~ - [ =4 == ™) o)
— 200 T . r - =1
®E c =] - (=]
™
—
=
=
2
v W L]
€ -~ =
o RCw =
200 E el QO Z ) =X
L DEQ S22 _28Wy =2 zZz=zg
® -8 oJEZNEEEES I 5o !
a wow EEELEESEE 5 aky :
ﬂ. €
6400 0- ; 5
H T
000, |
85°0 , ]
< i
_ 3
]
. |
i
310 _

-
<
=
—
J L\ -__...l.‘¥
S, s

e

200, . g

210 =<t

! =3 i ‘
. w
M|

100, M




SC NMR (3a)

bcm
pate - Sat Jul 13 17 40 41 2002
—mo @ < F1leNane © 3uto_13C nmoata
\|3xR 3 b Comaent - obem
N @ = EXMODE Topem
POINT : 32768 points
SAMPO : 32768 points
FREQU : 27100.3 Hz
FILTR : 13950 Hz
DELAY : 14 8 usec
pEADT : 19.9 usec
INTVL : 36.9 usec
TIMES : 128 Limes
DUMMAY : 1 times
PD : 1.7809 sec
ACQTH © 1209.1393 msec
PREDL : 10.00000 msec
INIWT - : 10.0000 msec
RESOL : 0.83 Hz
@ PHl : 4.50 usec
. 0BNUC T 13C
08FRQ : 100 .40 MHz
0BSE © 135500.00 Hz
RGAIN : k)
IRNUC :IH
1RFRQ : 399 65 WHz
IRSET ©134300.00 Hz
1RRPI : 45 .0 usec
IRANS : 0
SCANS : 128 times
SLVNT . CbaL3
SPINNING . 14 H2
TEMP : 241 C

' AT, (0L SORTN 10 a4 b wui
WW{WWW A S e




H NMR (3b)

p-Tol TsNCO

B times
0 times
B times

40.0 usec
96.9 usec
100.0 usec
3.7232 sec
3276.7998 msec
0.31 Hz
6.20 usec
500.00 MH2
15

32768 points
0.5000 nsec

32768 points
10000.0 Hz
5000 Hz
10.00000 msec .

: p-Tol TSNCO

: non
162160.00 Hz

H
1 o )

: auto_1lH.nndata
oy

Date : Fri Sep 13 19503:00 2002

FileNane
Comment
EXMOOE
SCANS
SLYNT
SPINNING
TEVP

S14

~
o
=4
-
(-]

85°0 ,

u
s
19°1

55°0
\

wm.w _

000,
0’1,

Pp=

A

100 ,

v




"H NMR (3b)

bcm
Date © Fry Sep 13 1910 26 2002
25825858 ABRISSES 889 3 88 FileNane  : aulo_13C.nadata
.................... O~ =] Comment . bea
$3ARBRARLREERRARELTS Rre 7 e EOOE ¢ ba
POINT : 32768 points
SAMPO : 32768 points
FREQU : 33898.3 Hz
FILTR : 16950 Hz
CELAY : 11.8 usec
QEADT : 10.0 usec
] INTVL : 29.5 usec
' TIMES : 128 times
: DUMMY : 1 times
PO : 2.0333 sec
ACQTM : 966.6560 msec
PREOL © 10.00000 msec
INIWT : 10.0000 msec
. RESOL : 1.03 H2
11\6 Pt : 5.50 usec
0BNUC 1 13C
08FRO : 125.65 MHz
0BSET ©127958.00 Hz
RGAIN : 30
IRNUC . H
1RFRG : 500.00 MH:z
IRSET © 162160.00 Hz
TRRPW : 48.0 usec
IRRNS : 0
SCANS : 128 times
SLYNT © COCLY
SPINNING : 11 Hz
TEMP : 296 C
.
I
|'
!
‘1 II i 1*“ bR 3 .\njln '|4-.r1 'I'n' 7!1\ b PJ[ ] R !LL[ - ]'} AN
b l;rn.,w "folhu‘l! i fle i s ”. i ottt i el :,,J II""N _, o ‘||Jp il | 1111 rt 3 -,»g i i gi.ll.}
T I T LH L] T I L) T T T l L] T T L] I L) L T Ll I
200 150 100 50 0 oppm S45
J



\

H NMR (3c)

MO Bn TsNCO

Fri Jul 12 20 29 16 2002

Date

¥D Bn TSNCO

auto_{H.nmdata
non

8 times
0 times

32768 points
4000 Hz
50.0 usec
72.3 usec

125.1 usec

2.9007 sec
4099.2769 msec

32768 points
7993.6 Hz

§.50 usec
389.65 MHz
17

0.24 Hz
134300.00 Hz

10.00000 msec
0.5000 msec

H

1

B times

SCANS

SPINNING

SLWNT ,
TEMP

9r98°0
€c88°0
286870

Gige'l
€662’ 1
€€95°1
Pi6s'1
0191
1iv0'¢
ppal e
6r61°¢2
1 [
pGSE 'S

00°1

—
A

~gest e
9ilv e
2efs e

ivv9°€
161L €
0i2L’€
1601 ¥
83ty

sov9 v

BLIS' P
19vLb
6E8L°V
1€82°S
£v8e’S
beed 9
[ ]
6822°9
9¢5¢'9
vv8e'9
081€'S
2v6E'9
109v°' 9
6205°9
6£25°9
EGSS°9
2965°9
6289°9
1986°9
ve10°L
€901 £

200
_

. 100,

e,
Al

o, ]




)

13C NMR (3c)

TMITONQNRIUNMIO=MONONT T
D e= O M @O U U M MR N w2 e () o4 (1) ot
DU M OO TV WO DS N D e D
QT N W WY M MO oD P~ PO W0 M@
R A L R L K L N Y VR ]
PRI RIS ML SIS BA--PA-S-PLP M e ok R

77.351

58.363

50.177

21.586

Date : Fri Jul 12 20 36 44 2002

FileName
Comnent
EXVODE

POINT
SAWPO
FREQU
FILTR
CELAY
DEADT
INTVL
TI¥ES
DuMMY
FD
ACQTH
FREOL
INIWT
RESOL
P
08NUC
0BFRQ
CBSET
RGAIN
IRNUC
IRFRG
IRSET
1RRPH
IRRNS

SCANS

SLYNT
SPINNING
TEMP

13C

+ auto_13C . nmdata
. bem
. bem

32768 noints
32768 points
27100.3 H2
13550 Hz
14 8 usec
19.9 usec
36.9 usec
128 times
{ times
1.7909 sec
12091393 msec
1000000 msec
10.0000 msec
0.83 Hz
4.50 usec

100.40 MHz
135500.00 Hz
30

1H
399.65 MHz
134300 .00 Hz
45.0 usec
0

128 times




‘

H NMR (3d)

estér Bn TsNCO

n wn .
P [ ) w -y
cec VLOLUE VWY e . 5 -
- o= o——- QULDEESECULQ o ~ E= . ‘ T
=4 P ) QAN N AV G N Bl ~
m .Mw AQAIXT IV NEGCGGIT O = - IO
E~— DNOCCOTIOODONTVOO—=D OOW o Mam N
o bror: DR =TS oMo oMmMu OO -
™ - oo owe uMe o . g ]
_. T o NS TS =0 - - -1 -1 N
["¢3 -— Mo -— hpg — Y ow
Y] 16 (=1 Mo O [ L] d
.. o — ~o Y it |
N Sac 03— 5] ¥
v Dwo [ T - =]
"oOC - o d
™.
- e e e -t ae DY
=
7]
=
a
=]
- (73 2
[ =
v 258 —oDarmmatix X Oz 0 .-
@ BED HW.UTADV:».M SEEg._.2gwe Z wa
2 —§% S3UISSEISEETSEBES I 58
- = -
o wow D.SFFUMI..IWPA ZYHESZEE B ahe
g
£900°0- a

mﬂ.o_ .

20 ~

98°8

va'8 ﬁ

V10




13C NMR (3d)

bem
Date @ Tue Jan 13 21:33 17 2004
w0 o wvounm~odoonw—nTy FileName - auto_13C.nm
2 2 ZRYESSEERERERAR i 8 33 g FileNan - uto_130.mdata
B ¢ IRRARRTERRERRNS A g 8 =8 % OO0 b
POINT : 32768 points
SAHPQ : 32768 points
FREQU : 33898.3 Hz
FILTR : 16950 Hz
DELAY : 11.8 usec
! DEADT : 10.0 usec
INTVL : 29.5 usec
TIMES : 128 times
QUMNY : 1 times
PD : 2.0333 sec
ACOTM : 966.6560 msec
PRECL : 10.00000 msec
INIWT : 10.0000 msec
RESOL : 1.03 Hz
o . PW1 : 5.50 usec
@ 0BNUC S
0BFAQ : 125.65 MHz
0BSET 1 127958.00 Hz
RGAIN : 32
1ANUC © 1H
IRFRQ : 500.00 MHz
IRSET © 162160.00 Hz
IRRPN : 48.0 usec
IRRNS : 0
SCANS : 128 times
SLVNT . €OCL3
SPINNING : 14 Hz
TEMP : 25.0C

|

Al
P

N e

[ 1

hdlat

{ﬁ:'ui_

el
©



'H NMR (4a)

Ph TCNE

Wed Jan 28 17: 42. 33 2004

Date :

© auto_tH.nadata
1 PhOTONE
. onon

FileName
Comnent
EXVODE

8 times
0 times

3.7232 sec

3275.7598 asec
8 times

32768 points
32768 points
10000.0 Hz
5000 Hz
40.0 usec
56.9 usec
100.0 usec
10.00000 nsec
0.5000 msec
0.31 Hz2
.6.20 usec
500 00 HH2z
162160,28 Hz

H
: COCL3

|

SPINNING

08NUC
RGAIN
SCANS
SLVNT
TEwP

S20

9511 °0-

o2l

9291°¢
0911

BGEE L
rest L
10L€°¢
£0Ir L

qolr L -

pigp'L
Iere L
Ggop L
€59r°¢
168 "¢
E106°¢
9805°¢
€815°¢
0EES £
GivG'¢
2BPS5" L
166674
[ 1£ 1
Grib £
9i€6° L
[=13: (0¥ 4
6£66°L

oee|




3C NMR (4a)

bcm

77.219
—F P
76.778

i
It

B
wwl

47.527

21.773

Jilii
F“ Tdry

|
il

gl | m Wﬂ' ";‘ Il

ppa

Qate : Hed Jan 28 17: 50 08 2004

F1leName
Comment
EXMODE

POINT
SAKPO
FREQU
FILIR
DELAY
DEADT
INTVL
TIMES
QumMMY
)
ACQTH
PRECOL
INIWT
RESOL
PH1
0anuC
OBFRQ
08SET
RGAIN
IRNUC
[AFRO
IRSET
IRRPH
IRRNS

SCANS
SLYNT

SPINNING
TeEwp

S

M

. auto_13C . nmoata
. bem
o bem

32768 points
32768 points
33898.3 Hz
16950 Hz
11.8 usec
10.0 usec
29.9 usec
128 times
1 times
2.0333 sec
966 6560 msec
10.00000 msec
10.0000 msec
1.03 H2
5 .50 usec

125.65 MHz
127958.00 Hz
32

500.00 MHz

162160.00 Hz

48.0 usec
0

128 times

S21




Thy Sep 19 20: 51: 46 2002

Date :

© auto_lH.nndala
: p-Tol TCNE

. non

FileNane
Comment
EXMODE

32768 points

8 tioes
0 tires

32768 points
7993.6 H2
4000 Hz
50.0 usec
72.1 usec
125.1 usec
2.9007 sec
4099.2769 msec
10.00000 msec
0.5000 msec
(.24 H2
5.80 usec
369.65 MH2
13a300.09 Hz
17

8 times

: COCL3

SCANS
SLYNE
SPINMING
Tevp

S22

'H NMR (4b)

p-Tol TCNE

51°1

ppm

e e L

v0'0 |

0o

VE'T ,

T
L

—m.wx_l

€686 'L

ooy

001,
[}

€00 |

86°E ,

200 |
W

100,
851,

.



13C NMR (4b)

bcm

Ted Uco
128.121
125 036
124.320
111.231
109.149
108.985
107 .208

L 77.360

T3

76.718

61.819

1
[ .
- T 51177

47.503
43.768
40.856

Date : Thu Sep 19 20: 59 13 2002
FileName :aute_13C.nndata
Comment T bea

EXMODE Tobem

POINT 32768 points
SA¥PO 32768 points
FREGU 27100.3 Hz
FILTA 13550 Hz
DELAY 14.8 usec
DEADT 19.9 usec
INTVL 36.9 usec
TIMES 128 times
DuvMY 1 times
PD 1.7909 sec
ACOTM 12091393 msec
PREDL 10.00000 msec
INIWT 10.0000 msec
AESCL 0.83 Hz
Pt : 4.50 usec
08BNUC : 13

0BFRQ : 100.40 MHz
0BSET 135500 .00 Hz
RGAIN : 30

IRNUC ]

1RFRQ : 38365 MHZ
IRSET 134300 .00, Hz
1RAPN 45.0 usec
IRANS 0
SCANS 128 times
SLYNT : COCL3

SPINNING : 13 Hz
TEMP : 24.0C




'H'NMR (4¢)

Bn TCNE

Wed Jan 28 18 07: 52 2004

Qate :

: auto_{H.nndata
© Bn TCNE

:onoen

FileNane
Camment
EXMOCE

8 tires
0 tires

3.7232 sec

40.0 usec
3276.749S8 nsec

32768 points
32768 points
10000.0 Hz
5000 Hz
56.9 usec
100.0 usec
10.00000 =sec
- 0.5000 nsec
0.31 Hz
6.20 usec
500.00 Mz
162160.00 Hz

. W

POINT
SAMPO
FREQU
FILTR
CELAY
CEADT
INTVL
TIMES
CUMMY
ACOTH
PREDL
INIHT
RESOL
P¥1

19

0BFRO
0BSET
RGAIN

B times

SCANS
SLYNT

e Hz
22.9¢C

-

© o0L3

SPINNING

TEMP

6898°0
6268°0
69680

Gve2 1l

61751
691

82v0°2

A

=
N oo
1. =&
- =

L

<
65270 ,

opa

.

)

e o v

S24



13C NMR (4c)

bem

61.577
56.255
21 790

32

30

30

29

29

29

29

28

28

28

26

25
77.255
Fove—
76.745

P e ke LR R R

————— 48.893
T 47.297

J | ‘l'ri
]1,,],1;‘

Date : Wed Jan 28 18:15: 47 2004

FileName
Comment
EXMODE

POINT
SAMPO
FREGUY
FILTR
OELAY
DEADY
INTVL
TIMES
DUMMY
PO
ACATM
PREDOL
INIWT
RESOL
Pu1
0aNUC
CBFRQ
08SET
RGAIN
IRNUC
IRFRO
IRSET
IRAPH
IRANS

SCANS
SLVNT

SPINNING
TEMP

S 1ac

M

. 3uto_13C.nmdata
. bem
. bem

32768 points
32768 points
33898.3 Hz
16950 Hz
11.8 usec
10.0 uvsec
29.5 uset
128 times
1 times
2.0333 sec
966 .6560 msec
10.00000 msec
10.0000 msec
1.03 Hz
5.50 usec

125.65 MHz
127395800 H2
R

500.00 MH2

162160 .00 H2

48.0 usec
0

128 times

(]
N
@




j 'H NMR (5a)

Ph N-PhMI Toluene

Date : Tue Oct 1 1220057 2002

) . FileName : Loadincf 10.nndatd
. : ) . | Comaent : Ph N-PhMI Toluene
. : SliceHistory
. . . . EXMODE 1 onon
- POINT : "32768 points
SAMPO : 32768 points
o FREQU . : 79936 H2
2 FILTR : 4000 Wz
X DELAY - : 50.0 usec
QEADT 0 72,1 usec
INTVL : 125.1 usec
TIMES . : B times
UMY . 1 times
) : 2.9007 sec
ACQTM 7 +4099.2769 msec
PREOL : 7 0.01000 msec -
INIRT : 1000.0000 nsec
@) RESOL : 0.24 Hr -
d PHL : 5.80 usec
0BNUC L
(BFRQ : 399.65 MH2
08SET r 134300.00 Hz
RGAIN - = - 18
SCANS . : B times
' ’ - SLYNT : COCL3
' . ‘ . ' SPINNING H 13 H -
TEMP : 29¢C

. m ¥ )
-1 [4 =3 c.
8’} f\r\i ~
Y

T 1,00

.04
— 0.9

o
.
-

©w

ro

T i § _ S26




13C NMR (5a)

77.313
77.000
76 679
61.344
58.670
21 541

|
|

Date : Tue Sep 17 20 42: 07 2002

FileName ¢ auto_13C nmdata
Comment T obem

EXMODE . obem

POINT : 32768 points
SAMPO ; 32768 points
FREQU ; 27100.3 Hz
FILTR : 13550 Hz
OELAY : 14.8 usec
CEADT ; 19.9 usec
INTVL - 36.9 usec
TIMES : 128 times
OUMMY : 1 times
PD ' 1.7909 sec
ACQTM 1 1209.1393 msec
PREOL o 10.00000 msec
ININT : 10.0000 msec
RESOL o 0.8 Hz
PH1 : 4.50 usec
0BNUC ©13C

0BFRO : 100,40 MHz
08SET © 135500 .00 Hz
RGAIN : 30

IRNUC CIM

1RFRQ : 399.65 MHz
IRSET T 134300 .00 Hz
IRAPH : 45 ¢ usec
IRRNS : 0
SCANS : 128 times
SLVNT o CDCL3

SPINNING : 13 Mz
TEMP ; 248 ¢C




'H NMR (5b) .
p-Tol N-PhMI
. ‘ . ’ Date : Tue Oct -1 122% 05 2002
*| FileName : auto_{H.nmdata
Conment : p-Tol N-PRMI
SliceHistory :
EXMODE - : non
POINT - : 32768 poinls
‘1 saHP0 . 32768 points
. -y o FREGU : 7993.6 Hz
& =4 FILTR . : 4000 Hz
M < DELAY : 50.0 usec
o e CEADT Lo 72.1 usec
. INTVL : 125.1 usec
TIMES . B times
. OUMHY : 0 times
. ' PD : 2.9007 sec
- ACQTM : 40992769 msecC -
PREDL +10,00000 msec
o ININT : 0.5000 msec
@ : RESOL : 0.24 Hz
- . cle H 5.80 usec
0BNUC :+ IH .
QBFRO : 399.65 MH2
0BSET 1 134300.00 Hz
RGAIN : 18
SCANS : 8 tines
SLWNT : COELI
SPINNIKG H 14 H2
TEwp : 22.7¢C

kY
v 2.02
——~3.91
v1.99
1.00
100
T/

it ‘ ’ '. . i : — At B - V4 - S




13C NMR (5b)

Oate : Tue Oct 1 12 36 32 2002

—-é'\ o < @ ooy fileName . auto_13C.nmdata
~E3 4 383 83 Cotment : bea
~ike o8 Ize =5 EXMODE . bem
FOINT : 32768 points
SAKPO : 32768 points
FREQU : 27100.3 Hz
FILTR : 13550 Hz
DELAY : 14.8 usec
CEADT : 19.9 usec
INTVL . 36.9 usec
TIMES : 128 times
OUMMY : 1 times
PD : 1.7909 sec
ACQTM © 1209.1393 msec
PREOL : 10 €0000 msec
INIWT : 10.0000 msec
RESOL : 0.83 Hz
PR : 4.50 usec
@ 08NUC “ase
OBFRQ : 100.40 MHz
08SET T 135500 .00 Hz
RGAIN - : 30
IRNUC . 1H
IRFRQ : 363 65 WHz
IRSET © 134300.00 Hz
1RRPH : 45 0 usec
IRANS : 0
SCANS : 128 tizes
SLVNT © COCL3
SPINNING : 13 H2
TEMP : 24.0¢C

i
i i I

t
it
g

TR A

‘l'jl‘ :]'!

1‘1 qg

s

A

B WO M 0 _— S BN 1 SN — - 1y To W




TH NMR (5¢)

Bn N-PhMI

00000

~~ 14.66

4.20

™ 3.10

T

T.03
= 0.39

™ 1.0

Date : Wed.Sep

FileNane
Cosment
SljceHistory
EXHODE

POINT
SAMPO
FREQU
FILTR
DELAY
DEADT
INTVL
TIMES
QUMMY
PO
ACOTH
PREDL
INIMT
RESOL
Pl
0BNUC
08FRO
0BSEY
RGAIN

SCANS
SLVNT

SPINNING
TEMP

BT

1l 19 16: 19 2002
.LoadingFID.nndata

* 8n N-PhH1

. nop

: 32768 points
: 32768 points
: +7993.6 Hz
[ 4000 Hz
50.0 usec
: 72.1 usec
: 125.1 usec
: 8 tinmes
: 1 times
2.9007 sec
4099.2769 asec
0.01000 msec
1000.0000 nsec
0.24 Hz
5.60 usec

: 399.65 Kz
L. 134300.09 Hz
{

8 times

]
do
O




"~ 13C_.NMR (5¢)

bem

Date : Wed Aug 28 10: 42: 11 2002

FileName : auto_13C. nmgata
Comment . tem
SliceHistory
EXMODE . bem
. POINT : 32768 points
—_ e s b e e e i —ghr~ 4] Dl B VI R e © : . 4
] MNAUT A 2TAUNONOMNONTOOOMNMA N ToDm %E% ] T u"» Fi 33 33 FILTA. : 13550 Hz
SR REnfRRRLCRRNEIRIFSAGRELER REe 8 @5 53S9 & DELAY ; 14.8 usec
DEADT : 19.9 usec
. INTVL : "36.9 usec
TIMES : 128 times
| DUMMY : 1 times
PD : 1.7909 sec
i ACGTM ¢ 1209.1393 msec
PREDL : 10.00000 msec
= . ) * | ININT : 10.0000 msec
] RESOL : 0.83 Hz
Pdt : 4.50 usec
0BNUC 13
0BFRO : 100 .40 MHz
0BSET ¢ 135500.00 Hz
.| RGAIN : 31
IRNMUC :
IRFRD : 393 .65 M4z
IRSET © 134300.00 H2
IRAPW . 45.0 usec
IAANS : 0
SCANS : 128 times
SLVNT . o cooL3
SPINNING : 10 Hz
TEMP : 24.8 C

“w

i 4 I”lllll.‘_l'__ 'lA-; y
i

]L.hfi ] i




'H NMR (5d)

ANT—T~NLIO<FTO N~ O0OLOMANTM—LOMN—O — Nt LIOTMOANT— OO OO (=)

oot ITdTmmmaldANANANAN OO0 OoOOoOr~ T OO0V OOWOLOO o
ppm('H)

‘ — kb Sl
10 9 8 7 6 5 4 3 0

500.16 MHz
SLVNT CHLOROFORM-D
-88.4525 Hz

S32



*C NMR (5d)

125.77 MHz

SLVNT CHLOROFORM-D

OBFRQ
OBFIN

301.0403 Hz

vs-

S D= O LG — 3 S 00 00 00 00 O 00 I~ ¢S LS LO
TTOMmMmmomoaAaANAaN NN ANANANANANNAN N
T Y T Y Y = Y Y Y Y = Y — Y Y————

[ Qypieee

ocl

69—
Ll
YL

" ppm(°C

S33



'H NMR (6a)

S AN LO N 0O

[fp) o ~ ~— Lo NSO MDD o
S FHNN— =~ B o — ~ SHNON © OBFRQ 600.13 MHz
| \[lZ ] | N\ OBFIN 3701.166 Hz
I
I
S
N~
o)
o B
@ o]
S S Lo
" TR g z 8 2
S Q o)) L
i [ i ‘/_/
Js W
ppm('H)
T T i i T i ' ' ' ' ' I
8 7 4 1 0

S34




*C NMR (6a)

150.9 MHz

CDCLs

OBFRQ
SLVNT
OBFIN

15097.29 Hz

q9

Ly
€8

0¢
Ly

61
€0

A%

1 —
L —
e —
8 —
G —

8¢ —
€9 —

A
‘G2l
9zl
1zl
1zl
1zl
8zl
8zl
821
621
621
-
8¢l
.@m_*
i
0£ 1§ _\

60—

ppm

S35



'H NMR (6b)

O LO O~ 0
MDMNOLON ™ ™ r— v

00 00 M~T~TI~TI~TI~r~r~r~

S

NNNNNN €O O WO WO W WWOLO

——

3.93

3.12

————— —— r— — — — —

‘ ‘ppr‘n(W")

OBFRQ
SLVNT
OBFIN

600.13 MHz
CDCLs
3701.166 Hz

S36



*C NMR (6b)

150.9 MHz

CDCLs
15097.29 Hz

OBFRQ
SLVNT
OBFIN

€017 —
912 —

€L —
€81 —

6V G —

¥1°8G —
80 €9 —

[L 6g1—E
G9 €61~

I 'G0¢——

ppm('3C)

S37



'H NMR (6¢)

PrBESBYSARIITICEISTERERIRSL8S S52 RN 588 N S OBFRQ 500.16 MHz
08 08 I 1 1 1 1 1 1 1 1 1 1 1 1 < 65 665 65 ¢85 <6 <6 ¢S F F o5 o503 NS - S SLVNT CHLOROFORM-D
\\ &\M%‘%/// \/ \ v \/ ‘ \/ OBFIN -88.4525 Hz

S38



*C NMR (6¢)

75.57 MHz
234.5651 Hz

SLVNT CHLOROFORM-D

OBFRQ
OBFIN

&Le —
8LIE —
¥8 'LE —
@ty —
ey —
0L7CG —
9679 —

8G°9L

eV LL

00 'S0¢——

100

120

180 160 140

200

S39



'H NMR (endo-6d)

NNNNNNNNNNNNNNNNN

NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN

Ry, VB

—0.00

OBFRQ 600.13 MHz

SLVNT CDCLs

OBFIN 3701.166 Hz

S40



*C NMR (endo-6d)

150.9 MHz

CDCLs
15097.29 Hz

OBFRQ
SLVNT
OBFIN

€0 0-

0L1z —
0€ ¥2 ——
Y0 62 ——
£8°L6 —
61 v —
69 Ly —
077G ~_
€975 —

G¢¢9 —

6L 9L

UU L

le°LL

00 ¢Ll—

80 'G0¢——

S41



'H NMR (exo-6d)

e RIS IS T RO IIRE SIS — oo COMOD—r—O oSS ~© S DO <)
COMMMMANNNN—OOSODD F N — > ~OOOLOM —— I» o0 O 0N D OBFRQ 600.13 MHz
BTN NN NN OGS O SO © ele e ke KaeRor Rackoe] N ——  — — <> SLVNT CDCLs

V S\lggm——rr—nr e e NG OBFIN 3701.166 Hz

ﬂ M L e |

ppm('H)

S42



*C NMR (exo-6d)

150.9 MHz

CDCLs

OBFRQ
SLVNT
OBFIN

15097.29 Hz

10°

L

61
144

e —
9¢ —
8¢ —

66 —
Gy —~_
1y —
¢S

75 >

9 —

G6

66

Y0e—

iyl Bl

S43





