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General information: All air-sensitive compounds were handled under an atmosphere of
argon or in a nitrogen-filled glovebox. 'H NMR and “C NMR spectra were recorded on
Bruker AV 400 at ambient temperature with CDCl; as solvent and TMS as internal standard.
Chemical shifts (0) were given in ppm, referenced to the residual proton resonance of TMS
(0), to the carbon resonance of the CDCl; (77.23). Coupling constants (J) were given in Hertz
(Hz). IR spectrums were recorded on Perkin-Elmer-983 spectrometer. Column
chromatography was performed on silica gel (200-300 mesh). All solvents were purified by
conventional methods, distilled before use. Commercially available reagents were used

without further purification.

Representative procedure for the synthesis of 1,8-naphthyridines (1a-1j): see the
reference: P. Ehlers, A. Petrosyan, T. V. Ghochikyan, A. S. Saghyan, A. Neubauer, S.

Lochbrunner and P. Langer, Synlett, 2013, 359-362.

Representative procedure for the synthesis of 1,8-naphthyridines (1k-1y): A solution of
2-aminonicotinaldehyde (50 mmol, 6.1 g), acetone (150 mmol, 15 mL), and L-proline (55
mmol, 6.4 g) in ethanol (70 mL) was stirred at reflux over night. The reaction solution was
then cooled to room temperature, concentrated and the residue was dissolved in
dichloromethane (70 mL) and filtrated. The residue was then concentrated under reduced
pressure, and the residue was purified by flash chromatography on silica gel using ethyl

acetate as the eluent to give 2-methyl-1,8-naphthyridine as a yellow solid (7.2 g, 99% yield).

K. Leonard, W. Pan, B. Anaclerio, J. Gushue, Z. Guo, R. DesJarlais, M. Chaikin, J. Lattanze,
C. Crysler, C. Manthey, B. Tomczuk and J. Marugan, Bioorg. Med. Chem. Lett., 2005, 15,
2679-2684.
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To a stirred solution of 2-methyl-1,8-naphthyridine (0.72 g, 5 mmol) in tetrahydrofuran
(10 mL) cooled at -78 °C was slowly added a solution of 1.0 M phenyllithium in ether (7.5
mL, 7.5 mmol) under argon atmosphere. The solution was stirred for 15 min, and then
warmed to room temperature and stirred over night. A solution of saturated ammonium
chloride (5 mL) was added to quench the reaction and then water (5 mL) was added. The
organic layers were separated and the aqueous phase was extracted with dichloromethane (2 x
10 mL). The combined organic layer was dried over anhydrous sodium sulphate, filtered, and
condensed by evaporation under reduced pressure. Then, acetone (10 mL) and an excess
acetone solution of KMnOy4 were added. The mixture was stirred under room temperature
over night. Then, the mixture was filtered and evaporated. The resulting residue was purified
by silical gel column chromatography using petroleum ether/dichloromethane as the eluent to

give 1k as gray solid (0.66 g, 60% yield).

Representative procedure for hydrogenation of 1,8-naphthyridines: To a glass test tube
(10 mL) was added HB(CgF5s), (0.0086 g, 0.025 mmol), 1,2,3,4,5-pentafluorostyrene (0.0049
g, 0.025 mmol) and dry toluene (0.5 mL) in a nitrogen atmosphere glovebox. The resulting
mixture was stirred at room temperature for 5 min followed by addition
2,7-diphenyl-1,8-naphthyridine (1a) (0.0706 g, 0.25 mmol). The tube was then moved to a
stainless-steel autoclave. After being sealed, the autoclave was purged three times with H,
and the final pressure of hydrogen was adjusted to 30 bar. The reaction mixture was stirred at
40 °C for 20 h. After cooling to ambient temperature, the solvent was removed under reduced
pressure. The crude residue was purified by column chromatography on silica gel using

petroleum ether/ethyl acetate as the eluent to give 2,7-diphenyl-1,2,3,4-tetrahydro-
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1,8-naphthyridine (3a) as a light yellow oil (0.0688 g, 96% yield).

Representative procedure for the metal-free catalytic asymmetric hydrogenation of
1,8-naphthyridines: To a glass test tube (10 mL) was added HB(C¢Fs), (0.0087 g, 0.025
mmol), chiral diene 4d (0.0082 g, 0.0125 mmol), dry hexane (0.25 mL), and dry toluene (0.75
mL) in a nitrogen atmosphere glovebox. The resulting mixture was stirred for 10 min at room
temperature followed by addition of 1,8-naphthyridine 1k (0.0551 g, 0.25 mmol). The tube
was then moved to a stainless-steel autoclave. After being sealed, the autoclave was purged
three times with H, and the final pressure of hydrogen was adjusted to 30 bar. The reaction
mixture was stirred at room temperature for 20 h, and the solvent was removed under reduced
pressure. The crude residue was purified by flash chromatography on silica gel using
petroleum ether/ethyl acetate as the eluent to give the desired chiral 3k as a yellow oil (0.0521

g, 93% yield, 47% ee).

Table S1 Optimization of reaction conditions for hydrogenation of 1a“

entry  temp. (°C) time (h) solvent convn (%)b

1 25 12 Toluene 63
2 25 12 DCM nr’
3 25 12 Dioxane nr¢
4 25 12 MTBE nr’
5 25 12 Hexane 60
6 25 12 CsHsCl1 61
7 40 12 Toluene 90
8¢ 40 12 Toluene 95
9’ 40 20 Toluene >99

“ Conditions: 1a (0.1 mmol) in solvent (0.4 mL) under H, (30 bar). * Determined by '"H NMR
analysis of the crude reaction mixtures. “ No reaction. “In solvent (0.2 mL).
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Table 2 Optimization of the asymmetric hydrogenation”

entry solvent conc. (mol/L) convn (%)b ee (%)°
1 Hexane 0.25 68 50
2 Toluene 0.25 >99 43
3 CeHsCl 0.25 84 26
4 Toluene 0.125 >99 41
5 Toluene 0.5 >99 37
6 Toluene:Hexane = 1:1 0.25 90 50
7 Toluene:Hexane = 3:1 0.25 >99 48
8’ Toluene 0.25 >99 46
97 Toluene:Hexane = 3:1 0.25 >99 47

“ All reactions were carried out with 1u (0.10 mmol), HB(C¢Fs), (0.010 mmol), chiral diene
4c (0.005 mmol) under H, (30 bar) at room temperature. ” Determined by 'H NMR
spectroscopy of the crude reaction mixture. © Determined by HPLC using a Chiralcel OD-H
column. ¢ 1k (0.10 mmol), chiral diene 4d (0.005 mmol).

Characterization data of 1,8-naphthyridines

1a, 1.05 g (74% yield); white solid; '"H NMR (400 MHz, CDCls, ppm): & 8.31 (d, J = 6.8 Hz,
4H), 8.23 (d, J = 8.4 Hz, 2H), 7.96 (d, J = 8.4 Hz, 2H), 7.59-7.44 (m, 6H); °C NMR (100
MHz, CDCls, ppm): 6 161.1, 156.4, 139.0, 137.6, 130.2, 128.9, 128.3, 120.8, 119.8.

P. Ehlers, A. Petrosyan, T. V. Ghochikyan, A. S. Saghyan, A. Neubauer, S. Lochbrunner and

P. Langer, Synlett, 2013, 359-362.

Me
1b, 0.98 g (63% yield); light yellow solid; m.p. 207-209 °C; IR (film): 1598, 1525, 1482 cm™;
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'"H NMR (400 MHz, CDCls, ppm): 8 8.28 (d, J = 8.4 Hz, 2H), 7.67 (d, J = 8.4 Hz, 2H), 7.62
(dd, J = 8.4, 2.0 Hz, 2H), 7.37-7.28 (m, 6H), 2.49 (s, 6H); *C NMR (100 MHz, CDCls, ppm):
5 164.0, 155.8, 140.4, 136.8, 136.3, 131.0, 130.5, 129.0, 126.1, 123.6, 119.8, 20.8; HRMS

(ESI) Calcd. for C22H19N2 (M+H) 311 1543, Found: 311.1539.

1c, 1.16 g (73% yield); light yellow solid; m.p. 197-199 °C; IR (film): 1607, 1532, 1435 cm™;
'H NMR (400 MHz, CDCl3, ppm): & 8.30 (d, J = 8.4 Hz, 2H), 8.06 (d, J = 8.4 Hz, 4H), 7.97
(d, J= 8.4 Hz, 2H), 7.56-7.45 (m, 2H), 7.24-7.15 (m, 2H); *C NMR (100 MHz, CDCls, ppm):
8 163.5 (d, Jop= 244.0 Hz), 160.0, 156.2, 141.2 (d, Jor= 2.0 Hz), 138.0, 130.5 (d, Joz= 8.0
Hz), 123.8 (d, Jor= 3.0 Hz), 121.3, 119.9, 117.2 (d, Jo= 21.0 Hz), 115.3 (d, Jor= 23.0 Hz);

HRMS (ESI) Calcd. for Cy0H3N2F2 (M+H): 319.1041, Found: 319.1037.

OMe OMe

1d, 1.29 g (75% yield); yellow solid; m.p. > 250 °C; IR (film): 1607, 1526, 1037 cm™'; 'H
NMR (400 MHz, CDCls, ppm): & 8.25 (d, J = 8.4 Hz, 2H), 7.96 (d, J = 8.4 Hz, 2H), 7.94 (d, J
= 2.4 Hz, 2H), 7.80 (d, J = 8.0 Hz, 2H), 7.45 (dd, J = 8.0, 8.0 Hz, 2H), 7.05 (ddd, J = 8.4, 2.4,
0.6 Hz, 2H), 3.96 (s, 6H); °C NMR (100 MHz, CDCls, ppm): & 161.0, 160.4, 156.3, 140.5,
137.6, 129.9, 121.0, 120.6, 120.0, 116.8, 112.9, 55.8; HRMS (ESI) Calcd. for CoH 90N,

(M+H): 343.1441, Found: 343.1437.
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le, 1.03 g (65% yield); white solid; '"H NMR (400 MHz, CDCls, ppm): & 8.34-8.28 (m, 4H),
8.26 (d, J = 8.4 Hz, 2H), 7.94 (d, J = 8.4 Hz, 2H), 7.25-7.19 (m, 4H); °C NMR (100 MHz,
CDCls, ppm): 8 164.5 (d, J.= 249.0 Hz), 160.2, 156.3, 137.8, 135.1 (d, J.x= 3.0 Hz), 130.2
(d, Jor=9.0 Hz), 120.6, 119.5, 116.0 (d, J.= 22.0 Hz).

P. Ehlers, A. Petrosyan, T. V. Ghochikyan, A. S. Saghyan, A. Neubauer, S. Lochbrunner and

P. Langer, Synlett, 2013, 359-362.

FsC CF3

1f, 1.57 g (75% yield); light yellow solid; 'H NMR (400 MHz, CDCls, ppm): & 8.43 (d, J =
8.0 Hz, 4H), 8.36 (d, J = 8.4 Hz, 2H), 8.04 (d, J = 8.4 Hz, 2H), 7.81 (d, J = 8.4 Hz, 4H); °C
NMR (100 MHz, CDCls, ppm): & 159.9, 156.2, 142.1, 138.2, 132.0 (q, J J.r= 32.0 Hz), 128.6,
126.0 (q, Jor= 3.0 Hz), 124.3 (q, J.r=270.6 Hz), 121.5, 120.2.

P. Ehlers, A. Petrosyan, T. V. Ghochikyan, A. S. Saghyan, A. Neubauer, S. Lochbrunner and

P. Langer, Synlett, 2013, 359-362.

Me

1g, 1.26 g (81% yield); white solid; 'H NMR (400 MHz, CDCls, ppm): & 8.22 (d, J = 8.4 Hz,

4H), 8.21 (d, J = 8.4 Hz, 2H), 7.94 (d, J = 8.4 Hz, 2H), 7.34 (d, J = 8.0 Hz, 4H), 2.44 (s, 6H);
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3C NMR (100 MHz, CDCls, ppm): & 161.0, 156.5, 140.3, 137.4, 136.2, 129.7, 128.2, 120.6,
119.4, 21.6.
P. Ehlers, A. Petrosyan, T. V. Ghochikyan, A. S. Saghyan, A. Neubauer, S. Lochbrunner and

P. Langer, Synlett, 2013, 359-362.

MeO OMe

1h, 1.42 g (83% yield); yellow solid; "H NMR (400 MHz, CDCl;, ppm): & 8.30 (dd, J = 6.8,
2.0 Hz, 4H), 8.19 (d, J = 8.4 Hz, 2H), 7.91 (d, J = 8.4 Hz, 2H), 7.06 (dd, J = 6.8, 2.0 Hz, 4H),
3.91 (s, 6H); °C NMR (100 MHz, CDCls, ppm): & 161.5, 160.5, 156.5, 137.4, 131.6, 129.7,
120.2, 118.9, 114.3, 55.6.

P. Ehlers, A. Petrosyan, T. V. Ghochikyan, A. S. Saghyan, A. Neubauer, S. Lochbrunner and

P. Langer, Synlett, 2013, 359-362.

1i, 1.92 g (85% yield); white solid; m.p. 231-232 °C; IR (film):1600, 1524 cm™; '"H NMR
(400 MHz, CDCls, ppm): & 8.40 (d, J = 8.4 Hz, 2H), 8.29 (d, J = 8.0 Hz, 2H), 8.00-7.92 (m,
4H), 7.92-7.85 (m, 4H), 7.61 (dd, J = 8.0, 7.2 Hz, 2H), 7.50 (ddd, J = 14.0, 6.8, 1.4 Hz, 4H);
3C NMR (100 MHz, CDCls, ppm): & 163.3, 156.4, 138.3, 137.0, 134.1, 131.3, 129.8, 128.9,
128.7, 127.0, 126.2, 125.9, 125.6, 124.6, 120.4; HRMS (ESI) Calcd. for CysH oN, (M+H):

383.1543, Found: 383.1547.
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1j, 1.18 g (80% yield); yellow solid; '"H NMR (400 MHz, CDCls, ppm): & 8.11 (d, J = 8.4 Hz,
2H), 7.87 (dd, J = 3.6, 0.8 Hz, 2H), 7.83 (d, J = 8.4 Hz, 2H), 7.54 (dd, J = 5.2, 0.8 Hz, 2H),
7.18 (dd, J = 6.0, 3.6 Hz, 2H); >C NMR (100 MHz, CDCl;, ppm): & 156.2, 144.7, 137.5,
130.0, 128.3, 127.4, 120.9, 118.4.

P. Ehlers, A. Petrosyan, T. V. Ghochikyan, A. S. Saghyan, A. Neubauer, S. Lochbrunner and

P. Langer, Synlett, 2013, 359-362.

1k, 0.66 g (60% vyield); gray solid; '"H NMR (400 MHz, CDCls, ppm): & 8.33 (d, J = 6.8 Hz,
2H), 8.20 (d, J = 8.4 Hz, 1H), 8.08 (d, /= 8.0 Hz, 1H), 7.96 (d, /= 8.0 Hz, 1H), 7.58-7.46 (m,
3H), 7.36 (d, J = 8.4 Hz, 1H), 2.84 (s, 3H); °C NMR (100 MHz, CDCls, ppm): & 163.5, 160.2,
156.1, 138.8, 137.5, 136.7, 130.1, 128.9, 128.1, 122.8, 119.8, 119.0, 25.9.

P. Galatsis, K. Yamagata, J. A. Wendt, C. J. Connolly, J. W. Mickelson, J. B. J. Milbank, S. E.
Bove, C. S. Knauer, R. M. Brooker, C. E. Augelli-Szafran, R. D. Schwarz, J. J. Kinsora and K.

S. Kilgore, Bioorg. Med. Chem. Lett., 2007, 17, 6525-6528.

Me

11, 0.49 g (42% vyield); white solid; m.p. 131-133 °C; IR (film): 1603, 1508, 1303 cm™; 'H
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NMR (400 MHz, CDCls, ppm): & 8.24 (s, 1H), 8.10 (d, J = 8.0 Hz, 1H), 8.02 (d, J = 7.6 Hz,
1H), 7.98 (d, J= 8.0 Hz, 1H), 7.88 (d, J = 8.0 Hz, 1H), 7.38 (dd, J= 7.2, 7.2 Hz, 1H), 7.29 (s,
2H), 2.81 (s, 3H), 2.45 (s, 3H); °C NMR (100 MHz, CDCls, ppm): & 163.3, 160.1, 155.9,
138.6, 138.5, 137.3, 136.6, 130.8, 128.7, 128.6, 124.9, 122.6, 119.6, 118.9, 25.7, 21.5; HRMS

(ESI) Calcd. for C¢H;sN, (M+H)"): 235.1230, Found: 235.1230.

F

1m, 0.73 g (61% yield); white solid; m.p. 235-237 °C; IR (film): 1609, 1596, 1516, 1224 cm'l;
'H NMR (400 MHz, CDCls, ppm): & 8.31 (dd, J = 8.4, 3.2 Hz, 2H), 8.18 (d, J = 8.4 Hz, 1H),
8.05 (d, J = 8.4 Hz, 1H), 7.89 (d, J = 8.8 Hz, 1H), 7.35 (d, J = 8.0 Hz, 1H), 7.19 (dd, J = 8.8,
8.4 Hz, 2H), 2.83 (s, 3H); °C NMR (100 MHz, CDCl;, ppm): & 164.3 (d, J..= 249.0 Hz),
163.7, 159.0, 156.0, 137.7, 136.7, 135.0 (d, Jor= 5.0 Hz), 130.0 (d, J..= 8.0 Hz), 122.9,
119.7, 118.6, 115.8 (d, Jor= 21.0 Hz), 25.9; HRMS (ESI) Calcd. for C;sH;NoF (M+H):

239.0979, Found: 239.0977.

CF3

1n, 0.82 g (57% yield); white solid; m.p. 267-268 °C; IR (film): 1614, 1537, 1328, 1124 cm™";
'H NMR (400 MHz, CDCls, ppm): & 8.36 (d, J = 7.2 Hz, 2H), 8.12 (d, J = 7.6 Hz, 1H), 8.00
(d,/J=7.6 Hz, 1H), 7.83 (d,J=7.6 Hz, 1H), 7.71 (d, /= 7.2 Hz, 2H), 7.32 (d, /= 7.6 Hz, 1H),

2.81 (s, 3H); '°C NMR (100 MHz, CDCls, ppm): & 163.7, 158.0, 155.6, 141.8, 137.8, 136.6,
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131.4 (q, Jop= 32.0 Hz), 128.0, 125.6 (q, Jop= 3.0 Hz), 124.1 (q, Jop= 270.4 Hz), 123.1,

120.0, 118.6, 25.6; HRMS (ESI) Calcd. for Ci¢H2N2F3 (M+H): 289.0947, Found: 289.0944.

Me

1o, 0.52 g (44% yield); light yellow solid; m.p. 183-185 °C; IR (film): 1602, 1500 cm™; 'H
NMR (400 MHz, CDCls, ppm): & 8.24 (d, J= 8.0 Hz, 2H), 8.17 (d, J = 8.4 Hz, 1H), 8.06 (d, J
= 8.0 Hz, 1H), 7.94 (d, J = 8.4 Hz, 1H), 7.37-7.31 (m, 3H), 2.84 (s, 3H), 2.44 (s, 3H); °C
NMR (100 MHz, CDCls, ppm): & 163.4, 160.2, 156.2, 140.4, 137.4, 136.7, 136.1, 129.7,
128.0, 122.6, 119.8, 118.9, 25.9, 21.6; HRMS (ESI) Calcd. for Ci¢H;sN> (M+H): 235.1230,

Found: 235.1231.

OMe

1p, 0.50 g (40% yield); white solid; m.p. 164-165 °C; IR (film): 1599, 1499, 1252, 1174 em’;
'H NMR (400 MHz, CDCls, ppm): & 8.31 (d, J = 8.4 Hz, 2H), 8.13 (d, J = 8.0 Hz, 1H), 8.03
(d, /=8.0 Hz, 1H), 7.89 (d, /= 8.4 Hz, 1H), 7.31 (d, /= 8.0 Hz, 1H), 7.03 (d, /= 8.4 Hz, 2H),
3.88 (s, 3H), 2.82 (s, 3H); °C NMR (100 MHz, CDCls, ppm): & 163.3, 161.5, 159.8, 156.1,
137.3, 136.7, 131.4, 129.5, 122.4, 119.5, 118.5, 114.3, 55.6, 25.8; HRMS (ESI) Calcd. for

C1HisON, (M+H): 251.1179, Found: 251.1175.
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Ph

1q, 0.74 g (50% yield); white solid; m.p. > 250 °C; IR (film): 1601, 1486, 1305 cm™; 'H
NMR (400 MHz, CDCls, ppm): & 8.43 (d, J = 8.4 Hz, 2H), 8.22 (d, J = 8.4 Hz, 1H), 8.09 (d, J
= 8.0 Hz, 1H), 8.02 (d, J = 8.4 Hz, 1H), 7.77 (d, J = 8.4 Hz, 2H), 7.70 (d, J = 8.4 Hz, 2H),
7.53-7.46 (m, 2H), 7.43-7.34 (m, 2H), 2.86 (s, 3H); °C NMR (100 MHz, CDCls, ppm): &
163.6, 159.7, 156.2, 142.9, 140.6, 137.7, 137.6, 136.8, 129.1, 128.5, 127.9, 127.6, 127.4,
122.8, 119.9, 118.9, 25.9; HRMS (ESI) Calcd. for CyH;7N, (M+H): 297.1386, Found:

297.1383.

1r, 0.27 g (24% vyield); yellow solid; m.p. 105-106 °C; IR (film): 1601, 1534, 1501, 1439 cm™;
'H NMR (400 MHz, CDCls, ppm): & 8.11 (d, J = 8.0 Hz, 1H), 8.01 (d, J = 8.4 Hz, 1H),
7.87-7.80 (m, 2H), 7.50 (d, J= 5.2 Hz, 1H), 7.31 (d, J = 8.2 Hz, 1H), 7.20-7.13 (m, 1H), 2.82
(s, 3H) ; PC NMR (100 MHz, CDCls, ppm): 8 163.7, 156.0, 155.5, 145.0, 137.5, 136.7, 129.9,
128.3, 127.1, 122.6, 119.9, 118.1, 25.9; HRMS (ESI) Calcd. for C;3H;1N,S (M+H): 227.0638,

Found: 227.0640.

/
\

"Bu N N

1s, 0.41 g (31% yield); white solid; m.p. 49-50 °C; IR (film): 2956, 1603, 1510 cm™; '"H NMR
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(400 MHz, CDCls, ppm): & 8.33 (d, J = 7.2 Hz, 2H), 8.21 (d, J = 8.8 Hz, 1H), 8.10 (d, J = 8.0
Hz, 1H), 7.96 (d, J = 8.4 Hz, 1H), 7.58-7.44 (m, 3H), 7.37 (d, J = 8.4 Hz, 1H), 3.08 (t, J= 8.0
Hz, 2H), 1.93-1.81 (m, 2H), 1.53-1.40 (m, 2H), 0.97 (t, J= 7.2 Hz, 3H); °C NMR (100 MHz,
CDCls, ppm): & 167.7, 160.3, 156.3, 139.0, 137.6, 136.8, 130.1, 128.9, 128.2, 122.3, 120.1,

119.1, 39.5, 32.3, 22.9, 14.2; HRMS (ESI) Calcd. for CisHioN, (M+H): 263.1543, Found:

263.1547.
= | AN
iBu” N7 N7

1t, 0.30 g (23% yield); white solid; m.p. 75-76 °C; IR (film): 2955, 1603, 1511, 1302 cm™; 'H
NMR (400 MHz, CDCls, ppm): & 8.32 (dd, J = 8.0, 1.2 Hz, 2H), 8.21 (d, J = 8.4 Hz, 1H),
8.09 (d, J= 8.0 Hz, 1H), 7.96 (d, J = 8.4 Hz, 1H), 7.58-7.44 (m, 3H), 7.34 (d, J = 8.4 Hz, 1H),
2.95 (d, J = 7.2 Hz, 2H), 2.33 (heptet, J = 6.8 Hz, 1H), 1.00 (d, J = 6.8 Hz, 6H) ; °C NMR
(100 MHz, CDCls, ppm): & 166.8, 160.4, 156.3, 139.0, 137.6, 136.6, 130.1, 128.9, 128.3,
122.9, 120.1, 119.2, 48.7, 29.7, 22.8; HRMS (ESI) Calcd. for CsHioN, (M+H): 263.1543,

Found: 263.1546.

Me N N Me

1u, 0.48 g (61% yield); brown solid; '"H NMR (400 MHz, CDCls, ppm): & 8.01 (d, J= 8.4 Hz,
2H), 7.30 (d, J = 8.0 Hz, 2H), 2.78 (s, 6H); >C NMR (100 MHz, CDCls, ppm): & 162.6, 155.6,
136.4, 122.1, 118.6, 25.6.

G. R. Newknow, K. J. Theriot, V. K. Majestic, P. A. Spruell and J. R. Baker, J. Org. Chem.,

1990, 55, 2838-2842.
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1v, 0.34 g (32% vyield); white solid; m.p. 62-64 °C. IR (film): 2964, 1607, 1541 cm™; 'H
NMR (400 MHz, CDCls, ppm): & 8.07 (d, J = 8.4 Hz, 2H), 7.38 (d, J = 8.4 Hz, 2H), 3.34
(heptet, J = 6.8 Hz, 2H), 1.42 (d, J = 6.8 Hz, 12H) ; °C NMR (100 MHz, CDCls, ppm): &
171.5, 155.7, 137.1, 119.8, 119.7, 37.7, 22.7; HRMS (ESI) Calcd. for Ci4HoN, (M+H):

215.1543, Found: 215.1540.

iBu” N7 N7 By

1w, 0.87 g (72% yield); white solid; m.p. 90-91 °C; IR (film): 2955, 1606, 1539 cm™; 'H
NMR (400 MHz, CDCls, ppm): & 8.03 (d, J = 8.0 Hz, 2H), 7.30 (d, J = 8.4 Hz, 2H), 2.90 (d, J
= 7.2 Hz, 4H), 2.33 (heptet, J = 6.8 Hz, 2H), 0.98 (d, J = 6.8 Hz, 12H) ; >’C NMR (100 MHz,

CDCls, ppm): 6 166.0, 156.0, 136.5, 122.4, 119.2, 48.7, 29.5, 22.8; HRMS (ESI) Calcd. for

Ci6H23N> (M+H): 243.1856, Found: 243.1853.

1x, 0.13 g (13% vyield); light yellow solid; m.p. 84-85 °C; IR (film): 2957, 1607, 1507 cm™;
'H NMR (400 MHz, CDCl3, ppm): & 8.07 (d, J = 8.4 Hz, 1H), 8.03 (d, J = 8.4 Hz, 1H), 7.57
(d, J= 8.8 Hz, 1H), 7.32 (d, J = 8.4 Hz, 1H), 2.82 (s, 3H), 1.51 (s, 9H); °C NMR (100 MHz,
CDCls, ppm): & 173.3, 162.8, 155.4, 136.7, 136.6, 122.4, 118.8, 118.6, 38.6, 30.3, 25.8;

HRMS (ESI) Calcd. for C;3H 7N, (M+H): 201.1386, Found: 201.1384.
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NS =

Me N N~ "Bu

1y, 0.35 g (35% yield); white solid; m.p. 52-53 °C; IR (film): 2956, 1607, 1507 cm™; 'H
NMR (400 MHz, CDCls, ppm): 6 8.01 (d, J = 8.4 Hz, 1H), 7.99 (d, J = 8.0 Hz, 1H),7.30 (d, J
= 8.0 Hz, 1H), 7.29 (d, J = 8.0 Hz, 1H), 3.01 (t, J = 7.6 Hz, 2H), 2.78 (s, 3H), 1.93-1.80 (m,
2H), 1.51-1.37 (m, 2H), 0.95 (t, J= 7.2 Hz, 3H) ; >C NMR (100 MHz, CDCls, ppm): & 166.7,
162.6, 155.7, 136.51, 136.49, 122.1, 121.7, 118.8, 39.1, 31.7, 25.6, 22.6, 14.0; HRMS (ESI)

Calcd. for Ci3H17N, (M+H): 201.1386, Found: 201.1384.

Characterization data of 1,2,3,4-tetrahydro-1,8-naphthyridines

3a, 0.0688 g (96% yield); yellow oil; IR (film): 3406, 1597, 1461 cm™; 'H NMR (400 MHz,
CDCls, ppm): 7.85 (d, J = 7.2 Hz, 2H), 7.45-7.28 (m, 9H), 6.99 (d, J = 7.6 Hz, 1H), 5.65 (brs,
1H), 4.65 (dd, J= 7.2, 2.8 Hz, 1H), 2.90-2.80 (m, 1H), 2.77-2.67 (m, 1H), 2.23-2.13 (m, 1H),
2.06-1.94 (m, 1H); *C NMR (100 MHz, CDCls, ppm): & 156.2, 154.5, 144.2, 140.1, 137.1,
128.8, 128.7, 128.4, 127.7, 126.8, 126.6, 114.6, 110.3, 56.2, 30.6, 25.3; HRMS (ESI) Calcd.

for CooH 9N, (M+H): 287.1543, Found: 287.1539.

3b, 0.0726 g (92% yield); light yellow oil; IR (film): 3223, 1600, 1459 cm™; "H NMR (400
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MHz, CDCls, ppm): 7.47 (dd, J = 6.4, 1.6 Hz, 1H), 7.41-7.35 (m, 1H), 7.27 (d, J = 7.6 Hz,
1H), 7.27-7.14 (m, 6H), 6.63 (d, J = 7.6 Hz, 1H), 5.12 (s, 1H), 4.84 (dd, J = 8.4, 2.4 Hz, 1H),
2.93-2.81 (m, 1H), 2.78-2.69 (m, 1H), 2.39 (s, 3H), 2.38 (s, 3H), 2.19-2.10 (m, 1H), 1.95-1.83
(m, 1H); *C NMR (100 MHz, CDCls, ppm): & 156.8, 156.0, 141.9, 141.1, 136.4, 135.9, 134.6,
130.77, 130.75, 129.5, 127.9, 127.3, 126.6, 126.1, 125.9, 113.8, 113.4, 52.3, 28.6, 25.5, 20.6,

19.2; HRMS (ESI) Calcd. for CH23N, (M+H): 315.1856, Found: 315.1859.

~
OERR®
H

3¢, 0.0757 g (94% vyield); light brown oil; IR (film): 3243, 1598, 1576, 1463 cm™'; '"H NMR
(400 MHz, CDCls, ppm): 7.71-7.62 (m, 2H), 7.32-7.25 (m, 1H), 7.32-7.25 (m, 2H), 7.14 (d, J
= 7.6 Hz, 1H), 7.08 (d, J = 10.0 Hz, 1H), 7.06-6.93 (m, 3H), 5.29 (s, 1H), 4.63 (d, J = 6.0 Hz,
1H), 2.88-2.76 (m, 1H), 2.72-2.62 (m, 1H), 2.20-2.09 (m, 1H), 2.01-1.90 (m, 1H); *C NMR
(100 MHz, CDCls, ppm): 8 163.4 (d, Jo = 243.0 Hz), 162.3 (d, J.r = 245.0 Hz), 155.9, 153.0
(d, Jor = 3.0 Hz), 146.8 (d, Jor = 7.0 Hz), 142.4 (d, Jo; = 8.0 Hz), 137.1, 130.3 (d, Jo; = 8.0
Hz), 130.1 (d, Jop = 8.0 Hz), 122.3 (d, Joy = 3.0 Hz), 122.1 (d, Jo = 3.0 Hz), 115.3 (d, Joy =
7.0 Hz), 115.1, 114.6 (d, Jor = 21.0 Hz), 113.7 (d, Jor = 20.0 Hz), 113.5 (d, Jor = 19.0 Hz),
1104, 55.6 (d, Jor = 1.0 Hz), 30.3, 25.0; HRMS (ESI) Calcd. for Cy0H7N,F, (M+H):

323.1354, Found: 323.1352.
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OMe OMe

3d, 0.0830 g (96% yield); light brown oil; IR (film): 3394, 1598, 1575, 1463, 1283 cm™; 'H
NMR (400 MHz, CDCls, ppm): 7.53-7.50 (m, 1H), 7.48 (d, J = 7.6 Hz, 1H), 7.33 (d, J = 8.4
Hz, 1H), 7.31-7.26 (m, 2H), 7.00 (d, J = 7.6 Hz, 1H), 6.97-6.94 (m, 2H), 6.90 (dd, J = 8.2,
2.0Hz, 1H), 6.83 (dd, J= 8.2, 2.0 Hz, 1H), 5.20 (s, 1H), 4.61 (dd, J = 8.0, 2.0 Hz, 1H), 3.86 (s,
3H), 3.80 (s, 3H), 2.90-2.78 (m, 1H), 2.76-2.66 (m, 1H), 2.20-2.10 (m, 1H), 2.04-1.92 (m,
1H); *C NMR (100 MHz, CDCl;, ppm): & 160.08, 160.06, 156.0, 154.1, 145.9, 141.6, 137.0,
129.8, 129.6, 119.3, 118.9, 114.8, 114.5, 113.1, 112.1, 111.9, 110.4, 56.1, 55.49, 55.46, 30.6,

25.3; HRMS (ESI) Calcd. for C»H»30,N, (M+H): 347.1754, Found: 347.1750.

3e, 0.0747 g (93% vyield); light brown oil; IR (film): 3250, 1601, 1509, 1460 cm™; '"H NMR
(400 MHz, CDCls, ppm): 7.89 (d, J = 5.6 Hz, 1H), 7.87 (d, J = 6.0 Hz, 1H), 7.33 (d, J= 5.6
Hz, 1H), 7.31 (d, J= 5.6 Hz, 1H), 7.26 (d, J= 8.0 Hz, 1H), 7.09 (d, J= 8.8 Hz, 1H), 7.07 (d, J
= 8.4 Hz, 1H), 7.03 (d, J = 8.8 Hz, 1H), 7.01 (d, J = 8.4 Hz, 1H), 6.94 (d, J = 7.2 Hz, 1H),
5.24 (s, 1H), 4.59 (d, J = 5.6 Hz, 1H), 2.89-2.77 (m, 1H), 2.74-2.62 (m, 1H), 2.18-2.06 (m,
1H), 2.00-1.86 (m, 1H); >*C NMR (100 MHz, CDCls, ppm): & 163.3 (d, J.,= 246.0 Hz) ,
162.3 (d, Jopr = 244.0 Hz), 156.0, 153.3, 139.8 (d, Jo= 3.0 Hz), 137.2, 136.1 (d, Jop = 3.0
Hz), 128.5 (d, Jox= 8.0 Hz), 128.1 (d, Jop= 8.0 Hz), 115.7 (d, Jor = 10.0 Hz), 115.4 (d, Joy =
11.0 Hz), 114.5, 110.0, 55.5, 30.6, 25.1; HRMS (ESI) Calcd. for CyH;7N,F, (M+H):

323.1354, Found: 323.1356.
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F3C CF3

3f, 0.0951 g (90% yield); light yellow oil; IR (film): 3246, 1599, 1324, 1122 cm™'; 'H NMR
(400 MHz, CDCls, ppm): 8.00 (d, J = 8.4 Hz, 2H), 7.63 (d, J = 8.4 Hz, 2H), 7.56 (d, J = 8.0
Hz, 2H), 7.42 (d, J = 8.0 Hz, 2H), 7.29 (d, J = 7.6 Hz, 1H), 7.02 (d, J = 7.6 Hz, 1H), 5.63 (s,
1H), 4.63 (d, J = 5.6 Hz, 1H), 2.90-2.78 (m, 1H), 2.72-2.63 (m, 1H), 2.20-2.09 (m, 1H),
2.00-1.88 (m, 1H); >C NMR (100 MHz, CDCls, ppm): & 156.1, 152.7, 148.0, 143.2, 137.2,
130.1 (q, Jop=32.0 Hz), 129.9 (q, Jor= 32.0 Hz), 127.0, 126.8, 125.7 (q, Jor = 3.0 Hz), 125.6
(q, Jor = 4.0 Hz), 124.5 (q, Joy = 271.0 Hz), 124.3 (q, Jor = 271.0 Hz), 115.6, 110.8, 55.6,

30.3, 24.9; HRMS (ESI) Caled. for Co,H 7N,Fg (M+H): 423.1290, Found: 423.1285.

Me

3g, 0.0771 g (98% vyield); yellow solid; m.p. 240-242 °C; IR (film): 3408, 1596, 1461 cm™;
'H NMR (400 MHz, CDCl;, ppm): 7.81 (d, J = 8.4 Hz, 2H), 7.27 (d, J = 8.0 Hz, 2H),
7.23-7.18 (m, 3H), 7.14 (d, J= 7.6 Hz, 2H), 6.96 (d, J = 7.6 Hz, 1H), 5.14 (s, 1H), 4.57 (dd, J
= 8.4, 2.4 Hz, 1H), 2.88-2.76 (m, 1H), 2.74-2.63 (m, 1H), 2.37 (s, 3H), 2.34 (s, 3H), 2.16-2.06
(m, 1H), 2.00-1.88 (m, 1H); °C NMR (100 MHz, CDCls;, ppm): & 156.1, 154.4, 141.2, 138.2,
137.3, 137.28, 137.0, 129.42, 129.37, 126.6, 126.5, 114.3, 109.8, 55.9, 30.7, 25.4, 21.4, 21.3;

HRMS (ESI) Calced. for CoHa3N, (M+H): 315.1856, Found: 315.1852.
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MeO OMe

3h, 0.0820 g (95% yield); yellow solid; m.p. 152-153 °C; IR (film): 3404, 1594, 1460, 1247
cm™; '"H NMR (400 MHz, CDCls, ppm): 7.87 (d, J = 8.8 Hz, 2H), 7.30 (d, J = 8.4 Hz, 2H),
7.24 (d,J = 7.2 Hz, 1H), 6.97-6.92 (m, 3H), 6.88 (d, J = 8.8 Hz, 2H), 5.09 (s, 1H), 4.56 (dd, J
=8.4,2.4 Hz, 1H), 3.83 (s, 3H), 3.80 (s, 3H), 2.90-2.77 (m, 1H), 2.75-2.64 (m, 1H), 2.17-2.06
(m, 1H), 2.00-1.88 (m, 1H); >C NMR (100 MHz, CDCls, ppm): & 160.1, 159.2, 156.1, 154.0,
137.0, 136.3, 132.8, 128.0, 127.7, 114.1, 114.0, 113.9, 109.4, 55.7, 55.5, 30.8, 25.4; HRMS

(ESI) Calcd. for C2H230,N, (M+H): 347.1754, Found: 347.1756.

3i, 0.0917 g (95% yield); white solid; m.p. 152-153 °C; IR (film): 3226, 1599, 1470 cm™'; 'H
NMR (400 MHz, CDCls, ppm): 8.26-8.16 (m, 1H), 8.11 (d, J = 8.0 Hz, 1H), 7.94-7.83 (m,
3H), 7.78 (d, J = 7.6 Hz, 1H), 7.67(d, J= 6.0 Hz, 1H), 7.60 (d, J = 6.8 Hz, 1H), 7.58-7.42 (m,
6H), 7.38 (d, J= 7.2 Hz, 1H), 6.58 (d, J = 6.8 Hz, 1H), 5.54 (s, 1H), 5.36 (s, 1H), 3.00-2.86
(m, 1H), 2.83-2.69 (m, 1H), 2.55-2.35 (m, 1H), 2.27-2.14 (m, 1H); *C NMR (100 MHz,
CDCls, ppm): & 156.1, 155.7, 139.2, 139.0, 136.8, 134.1, 131.5, 130.3, 129.3, 129.2, 128.5,
128.4, 128.0, 127.1, 126.3, 126.2, 125.9, 125.8, 125.7, 125.5, 123.7, 122.7, 114.5, 51.9, 28 4,

24.9; HRMS (ESI) Calcd. for CosHa3N, (M+H): 387.1856, Found: 387.1859.
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3j, 0.0670 g (90% yield); light oil; IR (film): 3398, 1592, 1462 cm™; 'H NMR (400 MHz,
CDCls, ppm): 7.47 (d, J= 3.2 Hz, 1H), 7.28 (d, J= 5.2 Hz, 1H), 7.23 (d, J= 5.2 Hz, 1H), 7.21
(d, J=17.6 Hz, 1H), 7.07-7.03 (m, 1H), 7.02 (d, J=3.2 Hz, 1H ), 6.99-6.94 (m, 2H), 5.23 (s,
1H), 491 (d, J = 6.8 Hz, 1H), 2.87-2.77 (m, 1H), 2.77-2.69 (m, 1H), 2.26-2.16 (m, 1H),
2.14-2.03 (m, 1H); *C NMR (100 MHz, CDCls, ppm): & 155.2, 149.4, 148.0, 145.6, 137.0,
127.9, 126.9, 126.4, 124.5, 123.8, 114.5, 109.0, 51.9, 31.0, 25.1; HRMS (ESI) Calcd. for

CisHi5N» S, (M+H)Z 299.0671, Found: 299.0674.

N\

Me

Iz

3k, 0.0521 g (93% yield); yellow oil; [a],*= +17.5 (¢ 1.03, CHCL,) (47% ee); "H NMR (400
MHz, CDCls, ppm): 7.89 (d, J = 8.0 Hz, 2H), 7.41 (d, J = 8.0 Hz, 1H), 7.39 (d, J = 7.2 Hz,
1H), 7.36-7.30 (m, 1H), 7.23 (d, J = 7.6 Hz, 1H), 6.94 (d, J = 7.6 Hz, 1H), 4.83 (s, 1H),
3.63-3.51 (m, 1H), 2.85-2.69 (m, 2H), 2.02-1.92 (m, 1H), 1.67-1.52 (m, 1H), 1.26 (d, J = 6.4
Hz, 3H); *C NMR (100 MHz, CDCls, ppm): & 156.2, 154.2, 140.2, 136.9, 128.6, 128.3, 126.8,
114.7,109.9, 47.4,29.7, 25.9, 22.7.

B. Xiong, Y. Li, W. Lv, Z. Tan, H. Jiang and M. Zhang, Org. Lett., 2015, 17, 4054-4057.

\

Me
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31, 0.0559 g (94% yield); light brown oil; [a],2*= +23.8 (¢ 1.03, CHCL,) (52% ee); IR (film):
3251, 1597, 1464, cm™; '"H NMR (400 MHz, CDCls, ppm): 7.72 (s, 1H), 7.65 (d, J = 8.0 Hz,
1H), 7.29 (dd, J= 7.8, 7.8 Hz, 1H), 7.23 (d, J= 7.6 Hz, 1H), 7.15 (d, J = 7.6 Hz, 1H), 6.93 (d,
J =1.6 Hz, 1H), 4.84 (s, 1H), 3.64-3.54 (m, 1H), 2.86-2.70 (m, 2H), 2.40 (s, 3H), 2.01-1.92
(m, 1H), 1.65-1.54 (m, 1H), 1.27 (d, J = 6.0 Hz, 3H); °C NMR (100 MHz, CDCls, ppm): &
156.1, 154.4, 140.1, 138.2, 136.9, 129.1, 128.6, 127.5, 123.9, 114.6, 110.0, 47.4, 29.7, 25.9,

22.7,21.8; HRMS (ESI) Calcd. for CicH 9N, (M+H): 239.1543, Found: 239.1539.

N\

Me

Ir=z
pzd

F

3m, 0.0582 g (96% yield); brown oil; [a],>*= +12.0 (¢ 1.06, CHCL,) (52% ee); IR (film):
3424, 1602, 1465 cm™; 'H NMR (400 MHz, CDCls, ppm): 7.90-7.84 (m, 2H), 7.20 (d, J= 7.2
Hz, 1H), 7.12-7.03 (m, 2H), 6.87 (d, J = 7.2 Hz, 1H), 4.87 (s, 1H), 3.61-3.51 (m, 1H),
2.84-2.68 (m, 2H), 2.00-1.90 (m, 1H), 1.62-1.51 (m, 1H), 1.24 (d, J = 6.4 Hz, 3H); °C NMR
(100 MHz, CDCls, ppm): 8 161.7 (d, Jor = 245.0 Hz), 156.1, 153.1, 136.9, 136.3 (d, Jor = 3.0
Hz), 128.4 (d, J. = 8.0 Hz), 115.4 (d, Jop = 21.0 Hz) , 114.6, 109.5, 47.4, 29.6, 25.8, 22.6;

HRMS (ESI) Calcd. for C;sHi¢NoF (M+H): 243.1292, Found: 243.1289.

\

CF3

3n, 0.0693 g (95% yield); white solid; m.p. 103-105 °C; [a]p,*= +0.3 (¢ 1.14, CHCL,) (23%
ee); IR (film): 3415, 1596, 1465, 1325, 1123 cm™; "H NMR (400 MHz, CDCls, ppm): 8.00 (d,

J = 8.4 Hz, 2H), 7.64 (d, J = 8.4 Hz, 2H), 7.24 (d, J = 8.0 Hz, 1H), 6.96 (d, J = 7.6 Hz, 1H),
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4.89 (s, 1H), 3.62-3.52 (m, 1H), 2.85-2.70 (m, 2H), 2.02-1.92 (m, 1H), 1.64-1.52 (m, 1H),
1.25 (d, J = 6.4 Hz, 3H); >C NMR (100 MHz, CDCls, ppm): & 156.3, 152.4, 143.5, 136.9,
130.1 (q, Joy = 32.0 Hz), 126.9, 125.6 (q, Jor = 4.0 Hz), 124.6 (q, Joy = 270.0 Hz), 115.8,
110.1, 47.4, 29.5, 25.9, 22.6; HRMS (ESI) Calcd. for CsH6NoF3 (M+H): 293.1260, Found:

293.1257.

\

Me

30, 0.0536 g (90% yield); light yellow solid; [a],*= +22.4 (¢ 1.06, CHCL) (64% ee); 'H
NMR (400 MHz, CDCls, ppm): 7.79 (d, J = 8.0 Hz, 2H), 7.24-7.17 (m, 3H), 6.92 (d, /= 7.6
Hz, 1H), 4.85 (s, 1H), 3.65-3.53 (m, 1H), 2.84-2.67 (m, 2H), 2.37 (s, 3H), 2.03-1.89 (m, 1H),
1.65-1.53 (m, 1H), 1.26 (d, J = 6.4 Hz, 3H); °C NMR (100 MHz, CDCls, ppm): & 156.1,
154.1, 138.2, 137.3, 137.0, 129.4, 126.6, 114.4, 109.6, 47.4, 29.7, 25.9, 22.7, 21 4.

B. Xiong, Y. Li, W. Lv, Z. Tan, H. Jiang and M. Zhang, Org. Lett., 2015, 17, 4054-4057.

X

—

Me N N
H
OMe

3p, 0.0592 g (93% yield); light yellow solid; m.p. 97-99 °C; [a],** = +36.2 (¢ 1.24, CHCL,)
(74% ee); IR (film): 3254, 1594, 1462, 1246 cm'l; 'H NMR (400 MHz, CDCl3;, ppm): 7.84 (d,
J = 8.8 Hz, 2H), 7.20 (d, J = 7.6 Hz, 1H), 6.93 (d, J = 8.8 Hz, 2H), 6.88 (d, J = 7.6 Hz, 1H),
4.80 (s, 1H), 3.83 (s, 3H), 3.62-3.53 (m, 1H), 2.84-2.67 (m, 2H), 2.00-1.90 (m, 1H), 1.64-1.53
(m, 1H), 1.25 (d, J = 6.0 Hz, 3H); °*C NMR (100 MHz, CDCl;, ppm): & 160.0, 156.1, 153.9,
136.9, 132.9, 127.9, 114.0, 113.9, 109.2, 55.5, 47.4, 29.8, 25.9, 22.7; HRMS (ESI) Calcd. for

Ci6H19N2O (M+H): 255.1492, Found: 255.1494.

S22



\

Ph

3q, 0.0710 g (94% yield); light yellow solid; m.p. 150-152 °C; [a],**= +19.6 (c 1.58, CHCL,)
(58% ee); IR (film): 3408, 1594, 1463 cm™; '"H NMR (400 MHz, CDCls, ppm): 7.98 (d, J =
8.4 Hz, 2H), 7.68-7.60 (m, 4H), 7.46-7.40 (m, 2H), 7.36-7.30 (m, 1H), 7.22 (d, J = 7.2 Hz,
1H), 6.97 (d, J = 7.2 Hz, 1H), 4.87 (s, 1H), 3.61-3.52 (m, 1H), 2.84-2.69 (m, 2H), 1.98-1.90
(m, 1H), 1.64-1.52 (m, 1H), 1.24 (d, J = 6.4 Hz, 3H); °C NMR (100 MHz, CDCls, ppm): &
156.2, 153.6, 141.0, 140.9, 139.1, 136.9, 128.9, 127.4, 127.3, 127.2, 127.1, 114.8, 109.8, 47 .4,

29.7,25.9, 22.6; HRMS (ESI) Calcd. for C3;Ha N, (M+H): 301.1699, Found: 301.1697.

3r, 0.0523 g (92% yield); light orange oil; [a], = +14.1 (¢ 1.01, CHCL,) (33% ee); IR (film):
3401, 1592, 1490, 1463 cm™; '"H NMR (400 MHz, CDCls, ppm): & 7.45 (d, J = 3.2 Hz, 1H),
7.27 (d, J=4.8 Hz, 1H), 7.16 (d, J = 7.6 Hz, 1H), 7.07-7.01 (m, 1H), 6.89 (d, J= 7.6 Hz, 1H),
479 (s, 1H), 3.62-3.51 (m, 1H), 2.82-2.65 (m, 2H), 2.00-1.88 (m, 1H), 1.63-1.50 (m, 1H),
1.25 (d, J = 6.0 Hz, 3H); °C NMR (100 MHz, CDCls, ppm): & 155.9, 149.1, 145.9, 136.7,
127.9, 126.1, 123.5, 114.6, 108.2, 47.4, 29.6, 26.0, 22.6; HRMS (ESI) Calcd. for C;3H;sN,S

(M+H): 231.0951, Found: 231.0954.

\
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3s, 0.0619 g (93% yield); light oil; [a],®= +0.3 (¢ 1.58, CHCL,) (14% ee); IR (film): 3268,
1597, 1461 cm™; "H NMR (400 MHz, CDCls, ppm): 7.88 (d, J= 7.6 Hz, 2H), 7.41 (d, J=7.2
Hz, 1H), 7.39 (d, J= 7.6 Hz, 1H), 7.33 (d, J= 7.2 Hz, 1H), 7.23 (d, J= 7.6 Hz, 1H), 6.93 (d, J
= 7.2 Hz, 1H), 4.93 (br s, 1H), 3.47-3.37 (m, 1H), 2.84-2.68 (m, 2H), 2.04-1.94 (m, 1H),
1.67-1.50 (m, 3H), 1.50-1.32 (m, 4H), 0.93 (t, J = 6.8 Hz, 3H); °C NMR (100 MHz, CDCl;,
ppm): & 155.9, 153.7, 139.6, 137.2, 128.7, 128.5, 126.8, 115.4, 109.9, 51.8, 36.4, 28.0, 27.6,

25.7,22.9, 14.2; HRMS (ESI) Calcd. for C;sH23N, (M+H): 267.1856, Found: 267.1858.

3t, 0.0639 g (96% yield); light oil; [a],**= +8.5 (¢ 1.70, CHCL,) (17% ee); IR (film): 3270,
1596, 1461 cm™; "H NMR (400 MHz, CDCls, ppm): 7.86 (d, J= 7.6 Hz, 2H), 7.41 (d, J= 6.8
Hz, 1H), 7.39 (d, J= 7.6 Hz, 1H), 7.34 (d, J= 6.8 Hz, 1H), 7.24 (d, J= 8.0 Hz, 1H), 6.92 (d, J
= 7.6 Hz, 1H), 5.10 (br s, 1H), 3.56-3.46 (m, 1H), 2.85-2.70 (m, 2H), 2.00-1.90 (m, 1H), 1.81
(heptet, J = 6.8 Hz, 1H), 1.66-1.54 (m, 1H), 1.53-1.43 (m, 1H), 1.40-1.32 (m, 1H), 0.96 (d, J
= 6.4 Hz, 6H); °C NMR (100 MHz, CDCls, ppm): & 155.9, 153.8, 139.8, 137.2, 128.7, 128.5,
126.8, 115.3,109.9, 49.5, 45.9, 28.1, 25.7, 24.6, 23.4, 22.4; HRMS (ESI) Calcd. for CisH,3N,

(M+H): 267.1856, Found: 267.1858.

3u, 0.0382 g (94% yield); brown oil; [a],** = +26.5 (c 0.55, CHCL,) (48% ee); 'H NMR (400

MHz, CDCLs, ppm): 7.08 (d, J = 7.2 Hz, 1H), 6.36 (d, J = 7.2 Hz, 1H), 4.79 (br s, 1H),
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3.58-3.48 (m, 1H), 2.78-2.62 (m, 2H), 2.31 (s, 3H), 1.96-1.87 (m, 1H), 1.59-1.48 (m, 1H),
1.22 (d, J = 6.4 Hz, 3H); °C NMR (100 MHz, CDCls, ppm): & 155.4, 153.7, 137.1, 113.1,
112.0,47.4,29.5, 25.6, 23.6, 22.5.

A. Jean-Claude, D. Benedicte; D. Richard, L. Brempt and C. M. Paul, PCT Int. Appl., 2007,

WO02007141473.

N

. ~ .
Pr N N~ 'Pr
H

3v, 0.0535 g (98% vyield); light oil; IR (film): 3413, 1600, 1473 cm™; '"H NMR (400 MHz,
CDCls, ppm): 7.12 (d, J = 7.6 Hz, 1H), 6.38 (d, J = 7.2 Hz, 1H), 4.93 (s, 1H), 3.21-3.11 (m,
1H), 2.79 (heptet, J = 6.8 Hz, 1H), 2.73-2.64 (m, 2H), 1.94-1.85 (m, 1H), 1.78-1.68 (m, 1H),
1.68-1.57 (m, 1H), 1.23 (d, J= 6.8 Hz, 6H), 1.01 (d, J= 6.8 Hz, 3H), 0.97 (d, J = 6.8 Hz, 3H);
3C NMR (100 MHz, CDCls, ppm): & 163.5, 155.7, 137.0, 113.8, 108.7, 57.6, 35.9, 32.7, 25.8,

24.2, 229, 22.7, 18.7, 18.5; HRMS (ESI) Calcd. for Ci4Hy3N, (M+H): 210.1856, Found:

219.1852.

3w, 0.0584 g (95% yield); light oil; [a],2*= +33.0 (¢ 1.21, CHCL,) (37% ee); IR (film): 3324,
1600, 1468 cm™; "H NMR (400 MHz, CDCls, ppm): 7.08 (d, J = 7.2 Hz, 1H), 6.32 (d, J=17.6
Hz, 1H), 4.86 (s, 1H), 3.50-3.42 (m, 1H), 2.78-2.63 (m, 2H), 2.40 (d, J = 7.2 Hz, 2H), 2.00
(heptet, J = 6.8 Hz, 1H), 1.96-1.90 (m, 1H), 1.78 (heptet, J = 6.8 Hz, 1H), 1.60-1.47 (m, 1H),
1.47-1.39 (m, 1H), 1.39-1.27 (m, 1H), 0.93 (d, J = 6.8 Hz, 6H), 0.91 (d, J = 6.8 Hz, 6H); "°C

NMR (100 MHz, CDCl;, ppm): 6 157.5, 155.7, 136.7, 113.4, 112.5, 49.5, 47.3, 46.0, 29.1,
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28.2,25.7,24.5,23.4,22.7,22.4, HRMS (ESI) Calcd. for C;¢H27N, (M+H): 247.2169, Found:

247.2164.

~

Bu N N~ "Me

H
3x, 0.0505 g (98% yield); light oil; IR (film): 3310, 2957, 1605, 1465 cm'l; '"H NMR (400
MHz, CDCls, ppm): 7.10 (d, J = 7.6 Hz, 1H), 6.53 (d, J = 7.6 Hz, 1H), 4.71 (br s, 1H),
3.58-3.47 (m, 1H), 2.78-2.62 (m, 2H), 1.96-1.85 (m, 1H), 1.63-1.50 (m, 1H), 1.27 (s, 9H),
1.24 (d, J = 6.4 Hz, 3H); 3C NMR (100 MHz, CDCls, ppm): & 155.3, 136.6, 112.8, 108.0,
47.4,36.8, 30.3, 29.9, 25.8, 22.6; HRMS (ESI) Calcd. for C;3H2;N, (M+H): 205.1699, Found:

205.1697.

~N ~

~ ~

"Bu N ” Me "Bu N "N "Me

3y and 3y, (ca. 77:23), 0.0484 g (94% yield); brown oil; IR (film): 3305, 1600, 1470 cm;
'H NMR (400 MHz, CDCls, ppm): 7.06-7.02 (m, 1.25H), 6.33-6.32 (m, 1.25H), 4.78-4.71 (m,
1.23H), 3.51-3.45 (m, 1H), 3.39-3.30 (m, 0.30H), 2.75-2.59 (m, 2.75H), 2.50 (t, J = 7.6 Hz,
2H), 2.28 (s, 0.87H), 1.95-1.85 (m, 1.31H), 1.65-1.55 (m, 2.25H), 1.55-1.45 (m, 1.74H),
1.40-1.27 (m, 3.38H), 1.20 (d, J = 6.4 Hz, 3H), 0.89 (t, J = 7.2 Hz, 3.92H); *C NMR (100
MHz, CDCl;, ppm): 6 158.8, 155.8, 155.7, 154.4, 136.73, 136.71, 113.0, 112.9, 112.0, 111.4,
51.7, 47.4, 37.9, 36.5, 32.4, 29.7, 28.0, 27.8, 25.8, 25.6, 24.0, 22.9, 22.8, 22.6, 14.3, 14.2;

HRMS (ESI) Calced. for Ci3Hz N, (M+H): 205.1699, Found: 205.1695.
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The chromatography for the determination of the enantiomeric excess

A

P

Me N N
H

HPLC Conditions: Column: Chiralcel OD-H, Daicel Chemical Industries, Ltd., Eluent:

Hexanes/IPA (95/5); Flow rate: 1.0 mL/min; Detection: UV 254 nm

Racemic
Al ] [=]
mAY S
1 o
100 =
80 |
60 |
40
20
0 b AN
\RAE R BRLE S RS R NS R R
0 5 10 15 20 25 min

Signal 1: VWD1 A, Wavelength=254 nm
|Peak| RT Area % | Area
| # | [min]
\ \
\ 1 9.780| 50.177|1.774e3
|

2] 12.376 49.823 /1. 761e3
A
| P

Me N N
H

Me

HPLC Conditions: Column: Chiralcel OD-H, Daicel Chemical Industries, Ltd., Eluent:

Chiral

mAU
800
700
600
500
400
300 5
200
100

0
L L e o BRI B e e o
0 5 10 15 20 25 min

12.315

9.801

Signal 1: VWD1 A, Wavelength=254 nm
Peak RT Area % | Area
# [min]

1 9.801 26.585/6. 154e3
2 12.315] 73.4151.699e4

Hexanes/IPA (99/1); Flow rate: 1.0 mL/min; Detection: UV 254 nm

Racemic Chiral
mAU Qm mAU ] 8
800 e 1 N
E ot 400 2
700 4 1
600 300
500 ] 3
400 200 ¥
300 ]
200 5 100
= i
00— A 0 \J
BT R R A R 1 UL T

0 5 10 15 20 25 min

Signal 1: VWDI A, Wavelength=254 nm
|Peak|  RT Area % | Area
| # | [min]
e
| 1] 13.923] 50.725)2. 025e4
| 2| 15.537| 49.2751.967e4

Signal 1: VWDl A, Wavelength=254 nm
|Peak | RT Area % | Area
[ # | [min]

\ \
[ 1] 14.103| 23.830/3.763e3
| 2] 15.726] 76.170!1.203e4
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F
HPLC Conditions: Column: Chiralcel OD-H, Daicel Chemical Industries, Ltd., Eluent:
Hexanes/IPA (99/1); Flow rate: 1.0 mL/min; Detection: UV 254 nm

Racemic Chiral
mAU ] Q
mAU VY r N
E S 3 = =
35 o 8 700_
304 p 600
3 = w0
25 500 2
20 400 3 ©
15_; 300—:
10_; 200—:
5 J 100 L J
E 0 Y
O?M + T L S S e e L e B
T 0 5 10 15 il
0 5 10 15 min
Signal 1: VWDI A, Wavelength=254 nm Signal 1: VWDI A, Wavelength=254 nm
|Peak| RT Area % | Area |Peak| RT Area % | Area
| # | [min] [|-——|-——— | # | [min] |-———|-————-

i faeeers R e
| 1] 8.451| 49.729/501. 464 | 1] 8.315| 24.242/4.609e3
| 2| 11.504] 50.271/506.935 | 2] 11.223| 75.758]1.440e4

CF3

HPLC Conditions: Column: Chiralcel OD-H, Daicel Chemical Industries, Ltd., Eluent:
Hexanes/IPA (99/1); Flow rate: 1.0 mL/min; Detection: UV 254 nm

Racemic Chiral
500 of 1000 <
400 800 ]
300 — 600 f
200 — 400 -
100 k 200 —
0 A . H—J-L T S e T
0 10 20 30 min 0 10 20 30 min

Signal 1: VWDl A, Wavelength=254 nm . )
Signal 1: VWD1 A, Wavelength=254 nm

|Peak | RT Area % | Area

| # | [min] |Peak|  RT Area % | Area

| —=—=| ————- | # | [min] ]
| 1] 6.437| 49.397]5. 528e3 e {
| 2| 7.833| 50.603 5. 663e3 |1 6.390] 38.498/9.271e3

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, | 2| 7.773| 61.502/1.481e4
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Me
HPLC Conditions: Column: Chiralcel OD-H, Daicel Chemical Industries, Ltd., Eluent:
Hexanes/IPA (95/5); Flow rate: 1.0 mL/min; Detection: UV 254 nm

Racemic Chiral
mAU ] 8 mAU 3 =
] Nl o E N
] © E -
200 = 700
] = 600
150 500
4 E [e2]
] 400 E
100 E i
] 300 ~
50 200
] 100 5
0 0 4
T e T T B [Tt e R L L e Ly e e T LS EEny
0 5 10 15 20 25 min 0 5 10 15 20 25 min

. ) ) Signal 1: VWDl A, Wavelength=254 nm
Signal 1: VWDl A, Wavelength=254 nm

| 1] 7.965| 50.653]3.147e3
| 2] 11.766] 49.347]3.066e3

|Peak| RT Area % | Area |Peak| RT Area % | Area
| # | [nin] l# [ [min] ||
# | [min] |————mmm | e
[ =] | |
| 1] 7.999| 17.694|3.614e3
\

2| 11.808| 82.306/1.681e4

OMe

HPLC Conditions: Column: Chiralcel OD-H, Daicel Chemical Industries, Ltd., Eluent:
Hexanes/IPA (95/5); Flow rate: 1.0 mL/min; Detection: UV 254 nm

Racemic Chiral
mAU ] = = mAU ] L
] @ < 1 ©
] ot NS E ~
120 I 600 T
100—; 500_;
80 400
60 300 - 8
40 2004 )
20 100 - J\
01— . ey G :
0 é 1|0 1l5 2|O min 0 5 10 15 20  min
Signal 1: VWDl A, Wavelength=254 nm Signal 1: VWDI A, Wavelength=254 nm
|Peak|  RT Area % | Area ‘Peak|  RT Area % | Area
| # | [min] |-—————|-—— l'# | [win] ||

B ||
| 1] 13.803| 49.535]3.120e3 1| 13.920 12.900|3. 365€3

\
| 2| 17.747] 50.465|3.178¢3 |20 17.617] 87.100/2.272e4
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Ph
HPLC Conditions: Column: Chiralcel OD-H, Daicel Chemical Industries, Ltd., Eluent:
Hexanes/IPA (95/5); Flow rate: 1.0 mL/min; Detection: UV 254 nm

Racemic Chiral
mAU €3 mAU 4 3
E [{] ln — <
] ol ] g
250 e 500
200 400 ]
] q o
150 3 3004 3
3 ] ‘O_
100 200
50 100 h
oL | 0 :
-------- LI B S e B B e e e e S R RS REEEY B EEE R
0 5 10 15 20 25 min 0 5 10 15 20 25 min
Signal ~ 1: VWD1 A, Wavelength=254 nm Signal 1: VWDl A, Wavelength=254 nm
|Peak RT Area % | Area |Peak RT Area % | Area
| # [min] | # [min] |-
|[-=—=| === \
| 1 10. 616 50. 189 5. 670e3 | 1 10. 682 20.812 3.651e3
\ 2 12.538| 49.811 5.627e3

2 12. 453 79.188/1. 389e4

HPLC Conditions: Column: Chiralcel OD-H, Daicel Chemical Industries, Ltd., Eluent:
Hexanes/IPA (95/5); Flow rate: 1.0 mL/min; Detection: UV 254 nm

Racemic Chiral
mAU ] S mAU ] )
] Ll I ] =3 i
100 | ? 8 20 g I
] Q2 ] <
80 _ 200 —:
601 150 —
40 100
20 _ 50 ;
0 ik
0 1 I0 2|0 3|0 min 0 1 I0 ZIO 3‘0 min
Signal 1: VWDL A, Wavelength=254 nm Signal 1: VWD A, Wavelength=254 nm
|Peak|  RT Area % | Area Peak| RT Area % | Area
[# | [min] |———|——- # | [min]
e Bl ) (R p—
\ 1] 18.301 1 50.090 3. 073e3 1 18.099 ' 33.501 5.300e3

| 2] 25.009 49.910/3.062e3 2] 24.901] 66.499 1. 052e4
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"Bu N

N
H

HPLC Conditions: Column: Chiralcel OD-H, Daicel Chemical Industries, Ltd., Eluent:
Hexanes/IPA (99/1); Flow rate: 1.0 mL/min; Detection: UV 254 nm

Racemic Chiral

mAU ] e o mAU ] g 5

E o = 250 -

] A ~ - ~
= 200
30": 150
20 100

p 50_:_11'{»%,\1

04 0

I et ta] T L BN B e [ R T T

25 min 0 5 10 15 20 25 min

Signal 1: VWD1 A, Wavelength=254 nm Signal 1: VWDL A, Wavelength=254 nm
|Peak RT Area % | Area |Peak | RT Area % | Area
| # [min] [-mmmmmm | l'# | [min] ||
|| |
| 1 16.313 | 49. 653 1. 382e3 ‘ ‘
| 2] 21.402| 50.347/1.401e3 |1l 16200/ 42.937(7.082e3
| 2] 21.157| 57.063/9.411e3
X
. | P
‘Bu N N
H

HPLC Conditions: Column: Chiralcel OD-H, Daicel Chemical Industries, Ltd., Eluent:

Hexanes/IPA (99/1); Flow rate: 1.0 mL/min; Detection: UV 254 nm

Racemic Chiral
AU ] [+
mAU ] g e 2 2
1 4 1 N o)
1 o 120—: &
200—E § 100_;
150 -] 9 80 7
] 60
100—: 40
50 - LL 20
0 e 0 B PRl e
) ST l 0 10 20 30 min
0 10 20 30 min|
Signal 1: VWD1 A, Wavelength=254 nm Signal 1: VWD1 A, Wavelength=254 nm
Peak| RT Area % | Area |Peak RT Area % | Area
# | [min] |-———|-———- | # [win] [|-————|——-
S e —— [ P
1| 12.904| 49.926/5. 736e3 [ 1 12.759 41.344 /2. 949e3
2| 25.200| 50.074]5.753e3 | 2| 24.559| 58.6564. 184e3
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HPLC Conditions: Column: Chiralcel OD-H, Daicel Chemical Industries, Ltd., Eluent:
Hexanes/IPA (99/1); Flow rate: 1.0 mL/min; Detection: UV 254 nm

Racemic Chiral
mAU 1 S < mAU g
g 3 | 3
80—: - 50_; -
60 40 ©
] ] 8
40 L= .
: 20
20 ]
] 10
0] 0
| T I UL S I R
0 fl) 1]0 1l5 2|0 2]5 min 0 5 10 15 20 25 min
Signal 1: VWDI A, Wavelength=254 nm Signal 1: VWDI A, Wavelength=254 nm
|Peak | RT Area % | Area |Peak | RT Area % | Area
| # | [min] |-———|-——- | # | [min] |-———-|-———-
e e
| 1] 8.304] 50.346/2.902e3 | 1] 8.566] 26.003/488.838
| 2| 13.825| 49.654/2.862e3 [ 2] 13.841] 73.997/1.391e3
AN
»
‘Bu N N ‘Bu
H

HPLC Conditions: Column: Chiralcel OD-H, Daicel Chemical Industries, Ltd., Eluent:
Hexanes/IPA (99/1); Flow rate: 1.0 mL/min; Detection: UV 254 nm

Racemic Chiral
mAU 3 g8 mAU ] 3
700 o ] o
600 800 |
500—E ] s
E 6004 &
400 ]
300 400
200 4 ]
k| 200
1004 ]
0 q A I 0-
B, SR SR, —
0 5 10 15 20 25 min 0 5 10 15 20 25 min
Signal 1: VWDl A, Wavelength=254 nm Signal 1: VWD1 A, Wavelength=254 nm
| Peak RT Area % | Area |Peak RT Area % | Area
| # [min] || | # [min] |- - |-
B E—— R P
‘ 1 6.967 50.026 1. 100e4 \ 1 6.915 31.6517.797e3

| 2 9.123 49.974 /1. 099e4 | 2 9.033] 68.349 1.684e4
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NAME

FXPNO
PROCNO 1
Date_ 20140223
Time 10.02
INSTRUM spect

@ PROBHD 5 mm PADUL 13C

~— PULPROG 2930

2] D 32768

= SOLVENT cpels

= NS 16

= DS 0

S A SWH 12019.230 Hz

(=9 _ FIDRES 0.366798 Iz

7 = AQ 1.3631988 sec

= N N RG 203

= DW 41.600 usec

] DE 6.50 usec

@ TE 300.0 X

5 1a D1 2.00000000 sec

~— DO 1

]

B [

b SFO1
NUCT

AW Pl

7 i 65536
SF 400.1300105 MHz

@ WOW =M

= EER 0

= LB 0.50 Hz

M G 0

S pC 1.00

]

o

~—

[P}

[}

(=7

7

[L,;L u R . 1.

©
lee]
~J
(o)}
&)
15
w
N
=
(e}
el
o
=2

4.00
2.04
2.00
6.02
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NAME wangwei-C

g ERE 0 EXPN 17
[ RN PROCNO 1
— O DA~ O WwoS CEEEIY B -
© 0 NN MN NN A ~~ 0 Date_ 20140223
— R e B B B N | -~~~ Time 10.06
INSTRUM spect
PROBHD 5 mm PADUL 13C
PULPROG z
D
SOLVENT
NS
DS
SWH 25252.525 Hz
N AN FIDRES 0.770646 Hz
AQ 0.6488564 sec
RG 203
DW 13.800
DE 6.50C
TE 300.0
D1 2.0000000C sec
‘— D11 0.0300000C sec
a DO 1
\\\\\\\\ CHANNEL fl ========
SOl 100.6228298 Mlz
NUCI
Pl
ST
SF
WDW
SSB
B
GB
PC 1.40

T T T T T T T
220 200 180 160 140 120 100 80 60 40 20 0 ppm
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Me

NAME wangwei

EXPNO 300
PROCNO 1
Date_ 20140402
Time 8.18
INSTRUM spect
PROBHD 5 mm PADUL 13C
PULPROG 2930
TD 32768
SOLVENT CDC13
NS 16
Ds ¢
SWE 1201%.23C
TIDRES 0.366798
1.3631988

203

41.600

SE' 400.1300099
WDW EM
0

LB 0.50
GB ¢
¢

2.02

6.00

ppm

usec
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—164.02
—155.75

123.58

®
(=}
[}
™~
—

119.78

77.55
77.23

76.91

<

20.80

NAME
LEXPN
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

DS

SWH
FIDRES
AQ

RG

Dw

DE

TE

60

40

0 ppm

wangwei-C

47

1

20140402
23.22

spect

5 mm PADUL 13C
zgog30

32768

CDC13

C.77064¢6
0.6488564
203

19.800
6.50

300.0
2.00000000
0.03000000

CHANNEL fl ====
100.6228298
13C

9.40

32768
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NAME wangwei

EXPNO 308
PROCNO 1
Date_ 20140404
Time 14.1¢€
INSTRUM spect
PROBHD 5 mm PADUL 13C
PULPROG zg30
TD 32768
SOLVENT CDC13
NS 16
Ds c
SWE 1201%.230
TIDRES 0.366798
1.3631988

203

41.600

6.50

300.0

2.00000000

======== CHANNEL f1 ====
SFO1 .1320007
NUCL 13
P 12.60
ST 65536
SE' 400.1300092
WDW EM
SSB )
LB 0.50
GB o
pPC 1.00

2.00

1.94

2.09
1.99
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wangwei-C

T OO0 WWWSWMOAN O W LD
RS 1
TFTNOW AH~OONM O~ e i
OO FTTNMNNNNN A ~ I~ © 20140405
o B B B e T O T B B e B B e e o | [l a 1.08
INSTRUM spect
PROBHD 5 mm PADUL 13C
PULPROG zgpg30
TD 32768
SOLVENT CDC13
NS 13884
DS 0
SWH 25252.525 Hz
AN FTIDRES 0.770646 Ez
7 AQ 0.6488564 sec
_ P RG 203
Z Z DW wm.‘m@o usec
DE 6.50 usec
TE 300.0 K
D1 2.0000000C sec
D11 0.0300000C sec
_H \_G —H DO 1
\\\\\\\\ CHANNEL fl ========
SOl 100.6228298 Mlz
NUCI 13¢C
Pl 9.40 usec
ST 32768
SF 6127473 MHz
WDW EM
SSB 0
R 00 Hz
GB C
PC 40
v

T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm
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NAME wangwei
EXPNO 2717
PROCNO 1
Date_ 20140322
Time 15.02
INSTRUM pcect
PROBHD 5 mm PADUL 13C
PULPROG 2930
TD 32768
SOLVENT CDC13
NS 16
Ds c
SWH 12018.230
F'IDRES 0.366798
AQ 1.3631988
RG 203
AN oW 41.600
DE 6.50
TE 300.0
=~ D1 2.00000000
TDO 1
======== CHANNEL fl ====
SFOC1 4 132
NUCL
OMe OMe P
1d 5 :
SF .1300087
WDW EM
ssB c
LB 0.5C
GB c
pC 1.0¢C
b . )

T T T T T T T T 1

8 7 5 4 3 2 1 0 pprm

W] (O] [ D o

—|o| |oflo]o S

< N N[ ]H ][O el
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NAME wangwei-C

T ) T ONN®O S i 3
[N RS DY 0O W N 0 m - o EXP 37
S8 o soosdd 29 = PROCNO oL
© 0w TN NN A ~~ © 0 Date_ 20140322
— — R B B o B B o | [l a [Ie] Time 15.05
INSTRUM spect
PROBHD 5 mm PADUL 13C
PULPROG zgpg30
TD 32768
SOLVENT CDC13
NS 11017
DS o]
SWH 25252.525 Hz
FIDRES 0.770646 Hz
AQ 0.6488564 sec
_ N N RG 203
DW 13.800C usec
P~ i~ DE 6.50 usec
N N B 300.0 K
D1 2.0000000C sec
D11 0.0300000C sec
TDO 1
CHANNEL fl ========
O_/\_m O—/\_m 100.6228298 Mlz
1d 13¢
9.40 usec
168
100.6127502 MHz
EM
o]
1.00 Hz
C
1.40

T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm
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NAME wangwei

EXPNO 2711
PROCNO 1
Date_ 20140318
Time 14.04
INSTRUM spect
PROBHD 5 mm PADUL 13C
PULPROG 2930
TD 32768
SOLVENT CDC13
NS 16
Ds ¢
SWE 1201%.23C
TIDRES 0.366798
1.3631988

203

41.600

SE' 400.1300092
WDW EM
0

LB 0.50
GB ¢
¢

lee]

usec

S41

MHz



NAME wangwei-C

— N~ ) o OO T OO - .
~ NN O S 0 M N LEXP 3
0N o PROCNO 1
n Mmoo M~ wnoooo WL DRI B -
©©© W0 NN A ~ o~ © Date_ 20140318
o R B B B T B R B B | [l a Time 15.00
INSTRUM spect
PROBHD 5 mm PADUL 13C
PULPROG zgpg30
TD 32768
SOLVENT CDC13
NS 11185
DS o]
SWH 25252.525
FIDRES C.77064¢6
NN AQ 0.6488564
_ RG 203
<~ = DW 19.800
N N DE 6.50
TE 300.0
D1 2.0000000¢C
D11 0.03000000C
TDO 1
Am CHANNEL fl ====
100.6228298
13C
g9.40
168
100.6127472
EM
o]
1.00
C
1.40
" "
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm

S42



FiC

1f

CF;

NAME wangwei

EXPNO 236
PROCNO 1
Date_ 20140306
Time 5.35
INSTRUM spect
PROBHD 5 mm PADUL 13C
PULPROG 2930
TD 32768
SOLVENT CDC13
NS 16
Ds ¢
SWE 1201%.23C
TIDRES 0.366798
1.3631988

203

41.600

SE' 400.1300092
WDW EM
0

LB 0.50
GB ¢
¢

6.06

ppm

usec

S43

MHz



FsC

1f

159.87
156.18
142.05

o
—
©
o
—

o
e}
[
(82}
—

132.18

131.85
131.53

~
[fe}
@
o~
—

NS

CFs

126.00

125.97
125.93
125.89

125.63

122.93

121.51
120.18

="

77.55
77.23

76.91

N/

INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

DS

SWH
FIDRES
AQ

RG

DW

DE

TE

T
200

T
180

T
160

T
140

T
120

T
100

80

60

40

wangwei-C

spect

5 mm PADUL 13C
zgog30
32768
CDC13
14359

o]
25252.525
0.770646
0.6488564
203

19.800
6.50

300.0
2.00000000
0.03000000

CHANNEL fl ====

100.6228298
13C

S44



Me

Me

NAME wangwei

EXPNO 541
PROCNO
Date_
Time
INSTRUM spect
PROBHD 5 mm PADUL 13C
PULPROG 2930
TD 32768
SOLVENT CDC13
NS 16
Ds ¢
SWE 1201%.23C
TIDRES 0.366798
1.3631988
203
41.600

SE' 400.1300101
WDW EM
0

LB 0.50
GB ¢
¢

6.00
2.12

lee]

3.91

6.02

ppm

usec

S45

MHz



Me

—160.96
—156.50

|

_~140.34

N\

/

\

™~128.18

_—120.60
T~119.37

Me

77.55
77.23

76.91

<

NAME
LEXPN
PROCN:
Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

DS

SWH
FIDRES
AQ

RG

Dw

DE

TE

DL

21.61

T
200

T
180

T
160

T
140

T
120

T
100

80

60

40

wangwei-C

30

1

20140312

14.10

spect

5 mm PADUL 13C

zgog30

32768

CDC13

13224

o]
25252.525 Hz
0.770646 Hz

0.6488564 sec

203

19.800 usec

6.50 usec

300.0 K

2.0000000C s

0.0300000C s

CHANNEL fl ========
100.6228298 Mz
13¢C
9.40 usec
32768
100.6127495 MHz
EM
o]
1.00 Hz
0
1.40

S46



NAME wangwei
EXPNO 54

PROCNO 1
Date_ 20140309
Time 13.22
INSTRUM spect
AN AN PROBHD 5 mm PADUL 13C
PULPROG 24930
D 32768
= Z\ SOLVENT [elatedkc]
NS 16
DS 0
SWH 12019.230
MeO OMe FIDRES 0.366798
1h 1.3631988
203
41.600
SFO1
NUCL
SI
SE' 400.1300092
WDW EM
SSB 0
LB 0.50
GB 0
BC 1.00
. _
T T T !
8 7 6 4 ppem
< |ofjon [e)} o
o|o|o [e)} o
EUINI [ ™ ©

usec

S47

MHz



NAME wangwei-C

o8 Hol Sam 0 © o ~ EXPN 29
[ R 6o o PROCNO 1
— o ~ O O e s R

© © N NN N ~~ © 0 Date_ 20140308
— — — [l a wn Time 14.26
INSTRUM spect

PROBHD 5 mm PADUL 13C

PULPROG zgpg30

D 32768

SCLVENT CDC13

NS 11497

DS 0

SWH 25252.525

FIDRES 0.770646

SN AQ 0.6488564

RG 203

s ~ DW 13.800

Z Z DE 6.50

TE 300.0

DL 2.00000000

3

MeO " OMe o 002000000
—mmmmmee CHANNEL f1 ====

SOl 100.6228298

NUC1 13C

Pl 9.40

ST 32768

SF 100.6127479

WDW EM

SSB 0

B 1.00

GB o}

PC 1.40

| N I
T T T T T T T T T
200 180 160 140 120 100 80 60 0 ppm

S48



NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
D
SOLVENT
NS

Ds

SWH
FIDRES
AQ

RG

wangwel-2xin
226

20150304
5.31
spect

5 mm PADUL 13C
2930
32768
CpCl3

16

0
12019.230
0.366738
.3631988
203
41.600

2.00000000

CHANNEL f1 ====

400

40C.1300109
EM

0

0.50

0
1.00

Hz
Hz
sec

usec
usec
K
sec

MHzZ

usec

MHz

S49



® N OO M®I WO DD MAN 2
N TNOONM ®O D ®IDQ T 0™ 31
RESEES 1
M WM Moo WWL L O ¢ . A EAa
© VOO NONNNNNNNNN ~ o 20150304
R S e s T e e T e B T T e B B | [l a 12.48
INSTRUM spect
PROBHD 5 mm PADUL 13C
PULPROG zgeg30
TD 32768
SOLVENT CDC13
NS 57190
DS o]
SWH 25252.525
X X FIDRES C.77064¢6
; AQ 0.6488564
~ s RG 203
Z Z DW 13.800
DE 6.50
TE 295.9
D1 2.0000000¢C
D11 0.03000000C
\__ TDO 1
======== CHANNEL fl ====
100.6228298
13C
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm

wangwei-C-1 HUIFU

S50



N

NAME

EXPNO
PROCNO
Date_

Time

INSTRUM
PROBHD
PULPROG

TD

SOLVENT

NS
DS
SWH

F'IDRES

AQ
RG
oW
DE

ppm

wangwei-2xin
222

1

20150303
5.41

spect

5 mm PADUL 13C
2930

32768

CDC13

16

¢

12018.230
0.366798
1.3631988
203

41.600

65536
.1300098
EM

0

0.50

¢
¢

usec

S51

MHz



NAME
LEXPN
PROCN:
Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

DS

SWH
FIDRES
AQ

RG

Dw

DE

TE

DL

77.55
77.23

76.91

— o
~ ~
o <
Ie] <
— —

—137.45

<

T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm

wangwei-C-1 HUIFU

29

1

20150303

13.11

spect

5 mm PADUL 13C

7900

0
25252.525
C.77064¢6
0.6488564
203

19.800
6.50

296.5
2.00000000
0.03000000

CHANNEL fl ====

100.6228298
13C
9.40
32768
100.6127479
EM

0

1.00

0

1.40

S52



NAME wangwei

EXPNO 202
PROCNO 1
Date_ 20140222
Time 7.47
INSTRUM spect
PROBHD 5 mm PADUL 13C
PULPROG 2930
TD 32768
SOLVENT CDC13
NS 16
Ds ¢
SWE 1201%.23C
TIDRES 0.366798
; N = 1.3631988
P 203
41.600
Me N N
SFOC1
NUCL
ST
SE 400.12300081
WDW EM
ssB c
LB 0.50C
GB c
PC l.00C
T T T 1
8 6 5 ppm
O[N] [O]© el
olo|lo|o||o|e [
N | ] [ ~

usec

S53

MHz



—163.52
——160.15
—156.07

138.80
137.53
136.71

122.80
119.83

118.98

77.55
77.23
76.91

<

25.88

wangwei-C

TNSTRUM spect

PROBHD 5 mm PADUT 13C
PULPROG

™
SOLVENT
NS
DS
NN SWH
FIDRES 0.770646
_ — AQ 0.6488564
RG 203
Me N N DW 19.800
DE 6.50
TE 300.0
1k D1 2.00000000
D1l 0.03000000
DO 1
CHANNEL f1 ====
100.6228298
13C
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm

S54



NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD 5 mm
PULPROG
D
SOLVENT
NS
Ds

NN Swi
_ TIDRES
~ — AQ

Me N N RG

;__ —/\_m DO

SFO1 4

SE 4

lee]
~J
(o)}
&)
15
w
N
=
(e}
el
o
=2

1.90

0.92
98

1.92

2.85
8

1.00

======== CHANNEL f1

wangwel
348
20140423
9.39
spect
PADUL 13C
2930
32768
CpCl3

16

0
12019.230
0.366798
1.3631988

300.0
2.00000000

00.1320007
1H

12.60
65536
0C0.1299960
EM

0

0.50

0
1.00

Hz
Hz
sec

usec
usec

S55



wangwei-C

DO A AHOOWNO ™ T W -
NO O IO MO DO © 0o ™ - 63
RESEES ~ 0 1
MO LW oM~ WOWwao T N O DRI . . ~
WO NMNMNONONN NN ~ o~ © 0 20140423
R e e e B T O B B B B B | [l a NN
INSTRUM
PROBHD 5 mm
PULPROG
D
SOLVENT
NS
A BN DS
_ SWH 25252.525 Hz
FIDRES 0.770646 Hz
_/\_m Z\ Z\ AQ 0.6488564 sec
RG 203
DW 13.800C usec
DE 6.50 usec
TE 300.0 K
D1 2.0000000C sec
11 Me D11 0.03000000 sec
TDO 1
\\\\\\\\ CHANNEL fl ========
SOl 100.6228298 Mlz
NUCI 13¢C
Pl 40 usec
ST 168
SF 626 MHz
WDW EM
SSB 0
R 00 Hz
GB C
PC 40

T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm

S56



NAME
EXPNO
PROCNC
Date_
Time
INSTRUM
PROBHD
PULPROG
D

X mmr<pzk
_ Ds

o ~ SWH

Me N N FIDRES
AQ
RG

1m TE

SFO1
NUC1
Pl
SL
SE
WDW
S38B
LB
GB
PC

8 7 6 5 4 3 2 1 0 pprm

0.97

1.02
0
9

3.00

CHANNEL f1

wangwei

341
20140420
5.36
spect

mm PADUL 13C

2930
32768
CpCl3

16

0
12019.230
0.366738
1.3631988

300.0
2.00000000

400.1320007
1H

12.6
65536
40C.1300019
EM
0
0.50

0
1.00

Hz
Hz
sec

usec
usec

S57



wangwei-C

SD@M® NSO A A TN -
HDOOORN OHRADNON®M™ OO~ 0™ ™~ 50
0 o © 1
OO SO FONND®EIDW . At sn
OO MHONOHNHONONNA A o~~~ o Te) 20140420
HrA A A A A A A A A A A A A [l a ™
TNSTRUM
PROBHD 5
PULPROG
TD
SOLVENT
NS
DS
SWH 25252.525 Hz
~ FIDRES 0.770646 Hz
AQ 0.6488564 sec
~ RG 203
Me N W 13.800 usec
DE 6.50 usec
TE 300.0 K
_H D1 2.0000000C sec
D11 0.0300000C sec
1m TDO 1
\\\\\\\\ CHANNEL fl ========
SOl 100.6228298 Mlz
NUC1
Pl
ST
SE
WDW
SSB
B
GB
PC
T T T T T T T
200 180 160 140 120 80 0 ppm

S58



NAME wangwei

EXPNO 345
PROCNO 1
Date_ 20140422
Time 12.2¢
INSTRUM spect
PROBHD 5 mm PADUL 13C
PULPROG 2930
TD 32768
SOLVENT CDC13
NS 16
Ds ¢
SWH 12018.230
AN TIDRES 0.366798
1.3631988
101
~
41.600
Me
CF,
1n
SFOC1
NUCL
ST
SF 400.1299683
WDW EM
ssB c
LB 0.50
GB c
pC 1.00
T T I T 1
8 7 6 4 pem
(N Gl B N Il | =3
ov|o|lolo|o|[—
= [N =

usec

S59

MHz



—
o
©
's]
—

163.71

—
o~
0
n <

—

©
~
~
o
—

~
[Te}
e
32}
—

©0
¢S]
—
o
—

S
[fe]
—
o
—

—
~
—
(82}
—

©
N
—

125.48

125.44

123.10

122.76

119.98
118.61
77.55
77.23

76.91
25.63

Ny S<ssa\\ke=—=—"

CF,

INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

DS

SWH
FIDRES
AQ

RG

DW

DE

TE

T
200

T
180

T
160

T
140

T
120

T
100 80 60 40 20

wangwei-C
62

1

20140422
23.34
spect

5 mm PADUL 13C
zgog30
32768
CDC13
12922

o]
25252.525
0.770646
0.6488564
203

19.800
6.50

300.0
2.00000000
0.03000000

CHANNEL fl ====

100.6228298
13C

S60



NAME wangwel
EXPNO 302
PROCNC 1
Date_ 20140403
Time 1.55
INSTRUM spect
PROBHD 5 mm PADUL 13C
PULPROG 2930
D 32768
SOLVENT CpCl3
NS 16
Ds 0
SWH 12019.230
AN TIDRES 0.366798
_ nQ 1.3631988
= =~ o 2o
Me N N DE 6.50
TE 300.0
7> D1 2.0000000C0
e DO 1
1o
======== CHANNEL fl ====
SFO1 400.1320007
NUC1 1H
Pl 12.6€0
SL 65536
SE 400.1300083
WDW EM
SsB 0
LB 0.50
G 0
PC 1.00
- J
T T I T T I 1
8 7 6 5 4 3 pprm
™~ (< |w]© < ol [
ol|lo|lo|o o o| |o
[SES el ™ (3ol B [sp}

Hz
Hz
sec

usec
usec

Hz

S61



wangwei-C

T OO -~ NN DA S D W0
T N T~ OO OO ® 0N o o o 48
0 & o S .
828H ShmmmaaNoS PR oo 20140403
— R B B e B B B B | [l a N NN 4.00
INSTRUM spect
PROBHD 5 mm PADUL 13C
PROG
SOLVENT
NS 2333
DS 0
NN SwH 25252.525 Hz
_ P _ FIDRES 0.770646 Hz
AQ 0.6488564 scc
Me N N RG 203
DW 13.800 usec
DE 6.50 usec
Me TE 300.0 K
10 DL 2.00000000 sec
D11 0.03000000 sec
DO 1
CHANNEL f1 ========
100.6228298 Miiz
13C
9.40 usec
32768
100.6127487 Miiz
M
0
1.00 Hz

T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm

S62



OMe

NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
D
SOLVENT
NS

Ds

SWH
FIDRES
AQ

RG

1.04
0.99
0.98

lee]

1.00
1.92

~

3 2 1 0 Ppm

CHANNEL f1

wangwei
311
20140408
13.57
spect

mm PADUL 13C

2930
32768
CpCl3

16

0
12019.230
0.366738
1.3631988

300.0
2.00000000

400.1320007
1H

12.¢
65536

Hz
Hz
sec

usec
usec

Hz

S63



NAME wangwei-C

— O WA M HOMNmOoOr- 0w -

[ RIS S O~ OWw T T TN 0™ o ~ < LXPN 50
I o 0 & o N * PROCNO 1
AR ARy momaas3Y PR o “ Date_ 20140408
o R B e B B B B B | [l a wn ™~ Time 14.01
INSTRUM spect
PROBHD 5 mm PADUL 13C
PULPROG zgpg30
™ 32768
SOLVENT cDe13

NS

DS

SWH
XX FIDRES 0.770646
_ AQ 0.6488564
RG 203
= ow 19.800
Me N DE 6.50
TE 300.0
D1 2.00000000
1p OMe DI1 0.03000000
DO 1

CHANNEL f1 ====
100.6228298
13C
9.40
]
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm

Hz

sec

usec
usec

sec
sec

S64



NAME wangwel
EXPNO 330
PROCNC 1
Date_ 20140417
Time 11.27
INSTRUM spect
PROBHD 5 mm PADUL 13C
PULPROG 2930
D 32768
SOLVENT CpCl3
NS 16
Ds 0
SWH 12019.230 Hz
FTIDRES 0.366798 Hz
AQ 1.3631988 sec
RG 203
DW 41.600 usec
DE 6.50 usec
TE 300.0 XK
D1 2.00000000 sec
Me N N TDO 1
======== CHANNEL fl ========
\_ ﬂuj SFO1 400.1320007 MHz
q NUCL 1H
Pl 12.60 usec
SL 65536
SE 400.1300030 MHz
WDW EM
SsB 0
LB 0.50 Hz
G 0
PC 1.00
A I ﬁ gr\% . r
T T T T T T T T T T 1
9 8 7 6 5 4 3 2 1 0 pprm
%mg : OJJ g
ol |olo||—|H|d o
A Ao fen ™

S65



wangwei-C

HSND TS 00 M0N0 N N -
O HOWOWWOIDM™OID®IDM® DN 0™ ™ 57
0o o 1
NOHONOIS0D®NS I~ N O © . .
OOV FONONNNN NN A ~ o o) 20140417
oA A o o o~~~ o~ 23.28
INSTRUM spect
PROBHD 5 mm PADUL 13C
PULPROG zgpg30
TD 32768
SOLVENT CDC13
NS 10298
DS o]
SWH 25252.525 Hz
FIDRES 0.770646 Hz
AQ 0.6488564 sec
X RC 203
7 DW 13.800 usec
DE 6.50 usec
= = TE 200.0 K
Me N N DL 2.00000000 sec
D11 0.0300000C sec
U—J TDO 1
An \\\\\\\\ CHANNEL fl ========
SOl 100.6228298 Mlz
NUC1 13C
Pl 9.40 usec
ST 32768
SF 6127495 MHz
WDW EM
SSB o]
R 00 Hz
GB C
PC 1.40

T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm

S66



NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
D
SOLVENT
NS

Ds

SWH
FIDRES
AQ

RG

© -]
o
o ]
o
]
w ]
o
]
o ]

ppm

wangwel-2xin
235

20150306
11.41
spect

5 mm PADUL 13C
2930

32768
CpCl3

16

0
12019.230
0.366738
1.3631988
203

41.600
6.50

294.6
2.00000000

CHANNEL f1 ====

400.1320007
1H

12.60

65536
40C.1300082
EM

0

0.50

0
1.00

Hz
Hz
sec

usec
usec

S67



>~ 0
Yy O 0w oMo @
e 0N o ©
100 © e . . N
PR ] o~ 0 o >0
4 o~~~ ™~ 3
INSTRUM spect
PROBHD 5 mm PADUL 13C
PULPROG zgpg30
TD 32768
SOLVENT CDC13
NS 14781
DS o]
SWH 25252.525
FIDRES C.77064¢6
AQ 0.6488564
RG 203
DW 13.800
DE 6.50
// o 292.8
D1 2.0000000¢C
D11 0.03000000C
TDO 1
======== CHANNEL fl ====
100.6228298
13C
g9.40
32768
100.6127495
EM
o]
1.00
C
1.40
T T T T T T T
20 100 80 60 40 20 0 ppm

S68



NAME wangwel-2xin

1.97

EXPNO 154
PROCNC 1
Date_ 20150111
Time 7.239
INSTRUM spect
PROBHD 5 mm PADUL 13C
PULPROG 2930
D 32768
SOLVENT CpCl3
NS 16
Ds 0
SWH 12019.230
FTIDRES 0.366798
AQ 1.3631988
RG 203
DW 41.600
DE 6.50
TE 300.0
D1 2.0000000C0
DO 1
SFO1

NUC1

Pl 12.6€0
SL 65536
SE 400.13000382
WDW EM
SsB 0
LB 0.50
G 0
PC 1.00

1
ppm

Hz
Hz
sec

usec
usec

sec

MHzZ

usec

MHz

Hz

S69



o S Ne] O YOO N
~ oA A~ O 0NN A 0™ o IS < o 24
6o PP PPN h
o~ o W M-~ OWOoOWwWowaH oD . . . . . . . A En
© ©wo HNONHNNNN ~~© o N N 20150112
INSTRUM spect
PROBHD 5 mm PADUL 13C
PULPROG
D
SCLVENT
NS
DS
SWH 25252.525
/// ~ FIDRES 0.770646
_ _ P AQ 0.6488564
RG 203
"Bu N N oW 19.800
DE 6.50
TE 300.0
DL 2.00000000
1s DLl 0.03000000
TDO 1
======== CHANNEL fl ====
100.6228298
13¢C
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm

wangwei-C-1 HUIFU

S70



NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
D
SOLVENT
NS

Ds

SWH
FIDRES
AQ

RG

DW

DE

TE

D1

DO

lee]

1.96
0.99
0.97
3.00
0.99
2.03
0.98
6.28

Hz
Hz
sec

usec
usec

S71



NAME wangwei-C-1 HUIFU

< @ oy 000 [~ 0O N N~
© ™~ OO OND A 0™ < o ™ EXPN 27
RESEES ~ © © PROCNO 1
S 88 ommeaaNdo See © o o Date_ 20150129
— — R B B B B o B B B | [l a = N o~ Time 12.51
INSTRUM spect
PROBHD 5 mm PADUL 13C
PULPROG zgpg30
TD 32768
SOLVENT CDC13
NS 13798
DS
SWH 1
FIDRES 0.770646 Hz
AQ 0.6488564 sec
RG 203
X AN Dw 13.800C usec
DE 6.50 usec
_ _ _ R 300.0 K
i D1 2.0000000C sec
'‘Bu N N Di1 0.03000000 sec
TDO 1
CHANNEL fl ========
1t 100.6228298 Miz
13C
40 usec
168
74719 MHz
EM
0
00 Hz
C
1.40

1 ;A )

T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm

S72



NAME wangwei

EXPNO 196
PROCNO 1
Date_ 20140218
Time 0.56
INSTRUM pect
PRCBHD 5 mm PADUL 13C
PULPROG 2930
™ 32768
SOLVENT cpe13
NS 16

AN DS 0
SWH 12019.230
FIDRES 0.366798
7 0 1.3631988
Me Me RG 101
DW 41.600
DE 6.50
1u it 300.0
D1 2.00000000
™o 1
———————— CHANNEL f1 ====
SFO1 1320007
NUCL 14
2 12.60
SI 65536
SK 400.1299960
WOW EM
SSB 0
LB 0.50
GB 0
BC 1.00
J "

T T T ]

8 6 5 3 ppm

— < o

N N (e}

— ~N O

S73



NAME wangwei-C

58 3 Sh - w EXPNC 12
s : - 10 Ao 0 PROCN! 1
3 8 S 38 PR o Date_ 20140218
— — — — [l el o~ Time 12.5%
INSTRUM spect
PROBHD 5 mm PADUL 13C
PULPROG 790930
™ 32768
SOLVENT cDCL3
NS 78
DS 0
SWH 25252.525 Hz
FIDRES 0.770646 Hz

AQ 0.6488564 sec
XY RG 203

_ W 13.800 usec

NP e 3000 K

Me N N Me o1 2.00000000 sec

Dl 0.03000000 sec
1u TDO 1

\\\\\\\\ CHANNEL f1 —=————==

100.6228298 Mz

SSB

GB
PC

T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm

S74



NAME wangwel-2xin

EXPNO 260
PROCNO 1
Date_ 20150312
Time 11.05
INSTRUM spect
PROBHD 5 mm PADUL 13C
PULPROG 2930
TD 32768
SOLVENT CDC13
NS 16
Ds ¢
SWE 1201%.23C
TIDRES 0.366798
1.3631988
203

41.60

6.5

1.87

12.00

======== CHANNEL f1 ====
SFO1 .1320007
NUCL 13
P 12.60
ST 65536
SE' 400.1300070
WDW EM
SSB 0
LB 0.50
GB ¢
pPC 1.00
1
ppm

usec

S75

MHz



NAME wangwei-C-1 HUIFU

> S 3 A 0o o = o EXPN 38
: : . s LRES © © PROCN 1
= 5 P> a3 PR ~ o Date_ 20150312
— — — — [l el o ~N Time 12.12
INSTRUM spect
PROBHD 5 mm PADUL 13C
PULPROG zgpg30
™ 32768
SOLVENT cDCL3
NS 3770
DS 0
SWH 25252.525 Hz
FIDRES 0.770646 Ez
AQ 0.6488564 scc
X AN RG 203
_ W 13.800 usec
DE 6.50 usec
. — A
i i TE 295.5 K
Pr N N Pr o1 2.00000000 sec
D11 0.03000000 sec
\_< TDO 1
\\\\\\\\ CHANNEL fl ========
SFOL 100.6228298 Mz
NUC1 13C
Pl 9.40 usec
ST 32768
SF 100.6127488 MEz
WDW EM
SSB 0
B 1.00 Hz
GB c
PC 1.40

T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm

S76



NAME wangwel-2xin

EXPNO 178
PROCNO 1
Date_ 20150129
Time 12.3¢
INSTRUM spect
PROBHD 5 mm PADUL 13C
PULPROG 2930
TD 32768
SOLVENT CDC13
NS 16
Ds ¢
SWE 1201%.23C
TIDRES 0.366798
1.3631988

101

41.600

SE' 400.1300034
WDW EM
0

LB 0.50
GB ¢
¢

1.83

NS}
=

9
9
12.00

ppm

usec

S77

MHz



NAME
LEXPN
PROCN:
Date_
Time

INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS
DS
SWH
FIDRES
/// /// et
_ RG
i = A i
Bu N N Bu w:m
D1

77.54
77.22
76.91
48.66

—166.03

—156.04

—136.44
22.80

—122.38
—119.24

T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm

wangwei-C-1 HUIFU
26
1
20150128
12.40
spect
5 mm PADUL 13C

25252.525 Hz
0.770646 Hz
0.6488564 sec
203

15.800 usec
6.50 usec

300.0 K

2.00000000 se
0.03000000 se

CHANNEL f1 —===—===
100.6228298 Miiz

1.40

S78



NAME wangwei

EXPNO 267
PROCNO 1
Date_ 20140318
Time 1.39
INSTRUM spect
PROBHD 5 mm PADUL 13C
PULPROG 2930
TD 32768
SOLVENT CDC13
NS 16
Ds ¢
SWE 1201%.23C
TIDRES 0.366798
1.3631988

203

41.600

SE' 400.1300074
WDW EM
0

LB 0.50
GB ¢
¢

1.07
1.06

9.13

ppm

usec

S79

MHz



NAME wangwei-C
< ) — o o A
™ w o ™~ © < © 0N o N oo EXPN 36
g s G des LRE ¢ ar PROCN o
~ © ™ m N ~ I~ © © oW Date_ 20140321
— — o — ~ o~ m o Time 15.06
INSTRUM spect
PROBHD 5 mm PADUL 13C
PULPROG zgpg30
TD 32768
SOLVENT CDC13
NS 11113
DS 0
SWH 25252.525 Hz
FIDRES 0.770646 Hz
NN AQ 0.6488564 scc
_ RG 203
= ~ DW 13.800 usec
_/\_m Z Z me DE 6.50 usec
TE 300.0 K
D1 2.0000000C sec
1x Di1 0.03000000 sec
TDO 1
\\\\\\\\ CHANNEL fl ========
SOl 100.6228298 Mlz
NUCI
Pl
ST
SF
WDW
SSB
B
GB
PC
_ _ | . J bl
T T T T T T T T T T
200 180 160 140 120 100 80 60 40 0 ppm

S80



NAME wangwei

EXPNO 366
PROCNO 1
Date_ 20140507
Time 10.57
INSTRUM spect
PROBHD 5 mm PADUL 13C
PULPROG 2930
TD 32768
SOLVENT CcDC13
NS 16
DS 0
SWH 12018.230
~ F'IDRES 0.366798
_ 1.3631988
50.8
Me "Bu 41.60
6.5
300.
1y 2.00000000
1
======== CHANNEL fl ====
SFO1 .1320007
NUCL 14
P 12.60
sI 65536
SF 400.123%9788
WDW EM
SSB 0
LB 0.50
GB 0
pC 1.00
T I T I 1
8 6 5 4 1 ppm
To) 0 ~
o o o
— N o

usec

S81

MHz



NAME wangwei-C

©Lw o — O @ O = N

©on o~ o o 0w T N o o om o LXP 74
e .. 0N o o © vw o PROCNO 1
CRE I R S PR See A o wa Date_ 20140507
— — — ~ o~ o~ Mmoo AN o Time 11.04
INSTRUM spect

PROBHD 5 mm PADUL 13C

PULPROG 2g0g30

TD 32768

SOLVENT CDC13

NS 15

DS o]

SWH 25252.525

FIDRES C.77064¢6

X AQ 0.6488564

RG 203

DW 13.800

~ Tl

DE 6.50C

Me "Bu TE 300.0

D1 2.0000000¢C

\_ D11 0.03000000C

y Do 1
CHANNEL fl ====

100.6228298

13C

g9.40

168

100.6127618

EM

o]

1.00

C

1.40

T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm

S82



NAME wangwei

EXPNO 2217
PROCNO 1
Date_ 20140304
Time 13.52
INSTRUM spect
PRCBHD 5 mm PADUL 13C
PULPROG 24930
D 32768
SOLVENT [elatedkc]
NS 16
X DS °
SWH 12019.230
< FIDRES 0.366798
N N 1.3631988
H 203
41.600
3a
SFO1
NUCL
SI
SE' 400.1300112
WDW EM
SSB 0
LB 0.50
GB 0
BC 1.00
A i b\F L
T T T !
8 7 4 3 2 pprm
o —~ o ~ O(N O[O
— ol o o [ |~
N oo} — — [ |

usec

S83

MHz



NAME wangwei-C

N T HOT AT ‘
H T O TS0 ON o — ™ EXP 23
& © ™ PROCN! 1
O T O 0®M™ 00T O . . o
WO TTONNNNNN A © o o Date_ 20140305
e B e e I IR R I R R 0 M o~ Time 14.40
INSTRUM spect
PROBHD 5 mm PADUL 13C
PULPROG 2g0g30
TD 32768
SOLVENT CDC13
NS 11797
DS o]
SWH 25252.525 Hz
~ FIDRES 0.770646 Hz
_ AQ 0.6488564 sec
< RG 203
N N DW 19.800 usec
H DE 6.50 usec
TE 300.0 K
D1 2.0000000C sec
D11 0.0300000C sec
TDO 1
3a
CHANNEL fl ========
100.6228298 Mlz
13C

9.40 usec

168

100.6127479 MHz
EM
o]

1.00 Hz
0
1.40

T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm

S84



NAME wangwei
TXPNO 328
PROCNO 1
Date_ 20140416
Time 2.37
INSTRUM spect
PRCBHD 5 mm PADUL 13C
PULPROG 2330
D 32768
SOLVENT [slateliic]
NS 16
DS C
SWE 1201%.230 Ez
Me X TIDRES 0.366798 Hz
_ AQ 1.3631988 sec
RG 101
N Z\ DW 41.60
DR 6.5
H TE 300.0
D1 2.00C00000
Me TDO 1
3b SFO1
NUCL
S1
SE 400.1300209 MHz
WDW EM
SSB o
LB 0.50 Hz
GB o
el 1.00
T T T I T 1
7 5 4 3 2 ppm
O |~ |0 e el B le)) | [N [
OO || [} [eX] B [e)) oo [a|o]|l
||| (=) (=] } {e) || O [

S85



Ao NI OT HOO wangwe \W
-~ o 00 M OO0 0 MmN I OO0 ™~ o0
.o RS ™ O < O 1
O O OO O™~ WWwLwn . . . . . L .
LY OOMNANNNN NN ~~ © N ©1H o R 20140416
— R e B e B B B B | [l a 'e} NN 2.43
INSTRUM spect
PROBHD 5 mm PADUL 13C
PULPROG
D
SOLVENT
NS
DS
SWH 25252.525 Hz
FIDRES 0.770646 Hz
Me N AQ 0.6488564 sec
_ RG 203
— Dw 13.800 usec
N N DE 6.50 usec
T+ TE 300.0 K
D1 2.0000000C sec
7>m D11 0.03000000 sec
TDO 1
wc \\\\\\\\ CHANNEL fl ========

100.6228298 Mz

T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm

S86



NAME wangwei
EXPNO 322
PROCNO 1
Date_ 20140412
Time 14.28
INSTRUM spect
PROBHD 5 mm PADUL 13C
PULPROG 2930
TD 32768
SOLVENT CDC13
NS 16
Ds ¢
SWE 1201%.23C
TIDRES 0.366798
AQ 1.3631988
RG 101
DW 41.600
DE

TE 3

D1 2.0000

TDO 1
======== CHANNEL f1l ====
SFOC1 4 -1320007
NUCL 1
P 12.60C
SI 65536
SE 400.12300145
WDW EM
ssB c
LB 0.50C
GB c
PC l.00C

usec

MHz

S87



wangwei-C

N~ NTONDWOWAIARNRHTOOMODWO T ONWOO™ W -
O OO MMAMMAONNAOMANAOTOWOIOMS OO A [ee] [eclTe] 54
e e e T NS Q o h
TFTTANNONNOOANNMTTOOOOANNANANLOWOWSTNNONNO + . . PP
COUOVOWOLWLIITITNONNNNONNNNAAAAAAAA A A~ O O o 20140412
TNSTRUM
PROBHD 5
PULPROG
™
SOLVENT
NS
DS
X SWH 25252.525 Hz
; FIDRES 0.770646 Hz
AQ 0.6488564 scc
N Z\ RG 203
DW 13.800 usec
H DE 6.50 usec
TE 300.0 K
D1 2.00000000 sec
D11 0.03000000 sec
F F DO 1
3¢ CHANNEL f1 =—==—=—==
100.6228298 Mz

13¢C
9.40 usec
68

T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm

S88



NAME wangwel

FXPNO 295
PROCNO 1
Date_ 20140330
Time 3.56
INSTRUM spect
PROBHD 5 mm PADUL 13C
PULPROG 2930
D 32768
SOLVENT cpe1s
NS 16
DS 0
AN SWH 12019.230 Hz
_ FIDRES 0.366798 Iz
> AQ 1.3631988 sec
Z Z RG 101
_I_ DW 41.600 usec
DE 6 usec
TE 300.0 X
D1 2.00000000 sec
DO 1
OMe ad OMe
SFO1
NUCT
Pl
i
SF
WDW
EER
LB
pC
T T T T T T T T !
7 6 5 4 3 2 1 0 pprm

0.

0.
0.82
1.92
2.93
0.97/
0.97/
0.94
0.98
3.00
3.05
1.00
1.03
1.03
1.12

S89



OMe

e

160.08
160.06
—156.01

™S~154.13

3d

_—145.87

_—141.61
~_-137.02

129.83
129.63
119.26

118.90

114.83

114.50
113.06
112.12
111.92
110.39

A
z
\

OMe

77.55
77.23

76.91

<

56.13

ya
~

55.49
55.46

—30.55
—25.33

TNSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

DS

SWH
FIDRES
AQ

RG

DW

DE

T
200

T
180

T
160

T
140

T
120

T
100

80

60

40

20

0 ppm

wangwei-C
43

1
20140330

0.6488564

203

19.800
6.50

300.0
2.00000000
0.03000000

CHANNEL fl ====

100.6228298
13C

9.40

68

590



\

Iz

NAME wangwei

EXPNO 286
PROCNO 1
Date_ 20140327
Time 12.40
INSTRUM spect
PROBHD 5 mm PADUL 13C
PULPROG 2930

TD 32768
SOLVENT CDC13

NS 16

Ds ¢

SWE 12019.23C Hz
F'IDRES 0.366738 Nz
AQ 1.3631988 sec
RG 101

DW 41.600

DE

TE 3

D1 2.0000

TDO 1
======== CHANNEL fl ========
SFO1 400.137

NUCL

SI

SE 400.1300151 MHz
WDW EM
ssB c

LB 0.5C Hz
GB c

PC l.00C

~J

2.08
3.98
1.00
1.00

ppm

S91



I=z

3e

\

115.71

115.61
115.50
115.39
114.52
109.98

\

77.55
77.23
76.91

—55.49

—30.63
—25.13

INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

DS

SWH
FIDRES
AQ

RG

DW

DE

TE

200

180

160

140

120

100

80

60

40

20

0 ppm

wangwei-C
42

1

20140327
14.198
spect

5 mm PADUL 13C
zgog30
32768
CDC13
12241

o]
25252.525
0.770646
0.6488564
203

19.800
6.50

300.0
2.00000000
0.03000000

CHANNEL fl ====

100.6228298

S92



FsC

Iz

3f

\

CF;

NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

Ds

SWH
F'IDRES
AQ

RG

1.00

wangwei

3

39

1

20140420

2.
spe

05
ct

5 mm PADUL 13C

Z9
327
CDC

30
68
13
1€

¢

12019.230
0.366798
1.3631988

400.

13001

0.

71
EM
0

50
¢
¢

S93



FiC

156.05
152.72

147.99

143.21
137.25
130.72

130.40

130.10

130.08
129.78
129.46
128.57

128.37
126.96

126.81
125.86
125.80

125.76

125.72

I=

3f

\

CF,

—30.26
—24.92

INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

DS

SWH
FIDRES
AQ

RG

DW

DE

T
200

T
180

T
160

T
140

T
120

T
100

80

wangwei-C
59

1

20140424
6.23

spect

5 mm PADUL 13C
zgog30
32768
CDC13

435

o]
25252.525
0.770646
0.6488564
203

19.800
6.50

300.0
2.00000000
0.03000000

CHANNEL fl ====

100.6228298
13C

9.40

68

S94



NAME wangwei

EXPNO 296
PROCNO 1
Date_ 20140330
Time 8.47
INSTRUM spect
PROBHD 5 mm PADUL 13C
PULPROG 2930
TD 32768
SOLVENT CDC13
NS 16
Ds ¢
SWE 12019.23C Hz
F'IDRES 0.366738 Nz
~ AQ 1.3631988 sec
_ RG 71.8
= oW
N N DR
H TE
D1
Me Me DO
3 R
@ SFOC1
NUCL
SI
SE 400.130027C MHz
WDW EM
ssB c
LB 0.5C Hz
GB c
PC l.00C

T T
8 7 6 5 4 3 2 1 0 pprm

2.00
2.02\
2.72
1.96/
0.97
0.98
1.00
1.03
1.05
6.08
1.07
1.07

S95



wangwei-C

AWM OAHOTNM>MWOS
OMHLAMNOC MW TN © 0o — oo~ 44
RESEES o © MmN 1
O = O™~ 0WHOWWsSt D DRI . e e ~ -
DLOSTNONNNONNNN O ~~ © 0 oW 20140330
R e B B B e B e B o B R B [l a wn o0 NN NN §.45
INSTRUM spect
PROBHD 5 mm PADUL 13C
PULPROG zgpg30
TD 32768
SOLVENT CDC13
NS 68
DS 0
SWH 25252.525 Hz
FIDRES 0.770646 Hz
~ AQ 0.6488564 sec
_ RG 203
I~ DW 19.800 usec
Z Z DE 6.50 usec
H TE 300.0 K
D1 2.0000000C sec
Me Me D11 0.03000000 sec
NQ TDO 1
\\\\\\\\ CHANNEL fl ========
SOl 100.6228298 Mlz
NUC1 13¢C
Pl 9.40 usec
ST 32768
SF
WDW
SSB
B
GB
PC

T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm

S96



NAME wangwei

EXPNO 2719
PROCNO 1
Date_ 20140325
Time 3.1¢
INSTRUM spect
PROBHD 5 mm PADUL 13C
PULPROG 2930
TD 32768
SOLVENT CDC13
NS 16
Ds ¢
= SWE 12019.23C Hz
F'IDRES 0.366738 Nz
~ AQ 1.3631988 sec
N N RG 101
_I_ oW 41.60
DE 6.5
TE 300.0
_/\_mo o—/\_m D1 2.00000000
W—,- TDO 1
SFOC1
NUCL
ST
SF 400.1300149 MHz
WDW EM
ssB c
LB 0.50 Ez
GB c
pC 1.00
T T I I 1
8 7 6 5 0 ppm
[N (NI ~ —
e ol oo o) o
— N[N o —

S97



wangwei-C

0w~ oM AN NM WO
[l e ) AN ONY O [To el -~ o — ™M
0 & o o = © o
O OO = O ONM>> st o e . .. . .
O 1O WO WO NN ANN O -~~~ o [IpNTo) o n
™ B B e B B B B | ~r~- - [IoNTe) o N
TNSTRUM
PROBHD 5
PULPROG
™
SOLVENT
NS
DS
SWH 25252.525 Hz
FIDRES 0.770646 Hz
N AQ 0.6488564 scc
RG 203
DW 13.800 usec
i~ DE 6.50 usec
N N TE 300.0 K
H DL 2.00000000 sec
D11 0.03000000 sec
MeO OMe DO 1
s<h. 1 v = CHANNEL f1 ========
sTO1 100.6228298 Miiz
NUCt
Pl
ST
ST
WDW
SSB
R
GB
PC
Ny -y v W "
I T T T T T T T T T T
200 180 160 140 120 100 80 60 40 0 ppm

S98



NAME wangwel-2xin

EXPNO 259
PROCNO 1
Date_ 20150312
Time 11.01
INSTRUM spect
PROBHD 5 mm PADUL 13C
PULPROG 2930
TD 32768
SOLVENT CDC13
NS 16
Ds ¢
X sw 12019.230 Ez
_ F'IDRES 0.366738 Nz
~ AQ 1.3631988 sec
Z Z RG 203
_I_ DW 41.600 usec
DE 6.50 usec
TE 294.8 K
D1 2.00000000 sec
B DO 1
3i
SFOC1
NUCL
SI
SF 400.1300175 MHz
WDW EM
ssB c
LB 0.50 Ez
GB c
pC 1.00
T T T T T T T T T T 1
9 8 7 6 5 4 3 2 1 0 pprm
%WOJ SJJO o o| | o|<| [~]»
oo || || | |0 ol (o]
—A—=H[N|H[H[O[©]|H|O — O || |O]H

S99



SOOI LWN N OO LOLW OO LND
COWHANTOITANNHLIDMOOM®M™ WO WO
WD DWW HOOMDWWWMSWLOLWLWLWO®N S
LONMHMNOMMHOANNNNNNNNNNNNN A
Ao A A A A A A A o A A A

Nl

77.55
77.23

76.91

<

—51.85

—28.38
—24.93

wangwei-C-1 HUIFU

INSTRUM

PROBHD

PULPROG

TD

SOLVENT

NS

DS

SWH

FIDRES .

AQ 0.6488564 sec

RG 203

DW 19.800 usec

DE 6.50 usec

TE 294.0 K

DL 2.00000000 sec

D11 0.03000000 sec

TDO 1
CHANNEL fl ========

100.6228298 Mz

13C

T
180

T T T T
160 140 120 100

80

0 ppm

S100



NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

Ds

SWH
F'IDRES
AQ

RG

0.95
1.00

wangwei-2xin
306

5 mm PADUL

Coaw®O QT

12019.230
0.366798
1.3631988

294.9
2.00000000

400.1300130
EM
0

0.50
¢
¢

S101



o T TN OO

ATANONRNDN T AT O I EEN © [

RN © o o

DM WM OSSOSO . v

O TTONNNNNNAO o~ 0 — — 0

oA A o oo~ T2} ® N
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS
DS
SWH 25252.525 Hz
FIDRES 0.770646 Hz
AQ 0.6488564 sec
RG 203
DW 19.800 usec
DE 6.50 usec
TE 295.5 K
DL 2.00000000 sec
D11 0.03000000 sec
TDO 1

\\\\\\\\ CHANNEL fl ========
100.6228298 Miiz

T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm

5102



NAME wangwei

EXPNO 224
PROCNO 1
Date_ 20140302
Time 10.34
INSTRUM spect
PROBHD 5 mm PADUL 13C
PULPROG 2930
TD 32768
SOLVENT CDC13
NS 16
Ds ¢
SWE 1201%.23C
TIDRES 0.366798
AQ 1.3631988
RG

DW

DE

TE

D1

TDO

SFOC1

NUCL

SI

SE 400.1300126
WDW EM
ssB c
LB 0.50C
GB c
PC l.00C

o -

—

o

~J

0.92
9
9

0.97

1.00
3.05

5103



NAME wangwei-C

Sa 8 o 0o o o oo~ EXPN 19
A N * M 0N A o oo PROCNO 1
O o v © < o e e . P . N
0 W0 SR RN - o ~~© ~ o0 N Date_ 20140302
— — — — [l a T NN Time 10.41
INSTRUM spect
PROBHD 5 mm PADUL 13C
PULPROG z
D
SCLVENT
NS
DS
SWH 25252.525 Hz
FIDRES 0.770646 Hz
X AQ 0.6488564 scc
RG 203
— DW 13.800C usec
DE 6.50 usec
—/\_m R Z TE 300.0 K
DL 2.00000000 sec
D11 0.03000000 sec
TDO 1
&—A \\\\\\\\ CHANNEL fl ========
SOl 100.6228238 Miz
NUCI
Pl
ST
SF
WDW
SSB
B
GB
PC 1.40
T T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm

S104



™

3l

Me

NAME

EXPNO
PROCNO
Date_

Time

INSTRUM
PROBHD
PULPROG

TD

SOLVENT

NS
DS
SWH

F'IDRES

AQ
RG

o

0.91

1.01

3.01

1.07

1.18
3.06

wangwei
361

201404
2.

spe

5 mm PADUL 13C

1
29

10

ct

2930
32768
CDC13

1€
¢

12019.230
0.366798

1.3631988

.1300103

0.

EM

0

50
¢
¢

S105



~123.89

—114.62

—110.01
77.55
77.23
76.91
—47.44
_—29.70
_—25.91
22.68
21.75

~

wangwel-C

70
PROCNO 1
Date_ 20140423
Time 6.04
TNSTRUM spect
PROBHD 5 mm
PULPROG
TD
SOLVENT
NS
DS
SWH
FIDRES 0.770646 Hz
AQ 0.6488564 sec
RG 203
DW 19.800 usec
DE 6.50 usec
TE 300.0 K
DL 2.00000000 sec
D11 0.03000000 sec
TDO 1
\\\\\\\\ CHANNEL fl ========
100.6228298 Mz
13cC
9.40 usec
32768
100.6127487 MHz
EM
o]
1.00 Hz
0
1.40

0 ppm

S106



Me

Iz

3m

N\

NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

Ds

SWH
F'IDRES
AQ

RG

DW

DE

TE

1.99
1.00
1.99
1.01
1.01

2.12
1.06
3.15

ppm

wangwei
353

1

20140425

4.46

spect

5 mm PADUL 13C
2930

32768

CDC13

16

0

1201%.23C
0.366798
1.3631988

101

41.600

6

300.
2.00000000

CHANNEL f1 ====
4 2-

1320007
14

.1300143
EM

0

0.50

¢
¢

S107
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LT CoL R TR Do = b ® O
o O M OO Wow WOvLW < O e . CEEE
© O W NNOONN A O o~ o~ O ~ [T RN
R B B | R B B B B B B B | [l a = NN NN Time
TNSTRUM
PROBHD 5
PULPROG
™
SOLVENT
NS
DS
SWH 25252.525 Hz
X FIDRES 0.770646 Ez
_ AQ 0.6488564 sec
RG 203
= DW 13.800 usec
_<_m Z Z DE 6.50 usec
H TE 300.0 K
D1 2.00000000 sec
F D11 0.03000000 sec
3m TDO 1
\\\\\\\\ CHANNEL fl ========
SFOL 100.6228298 Mz
NUC1
Pl
ST
SF
WDW
SSB
B
GB
PC

T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm

S108



Iz

NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD 5 mm
PULPROG
D
SOLVENT
NS

Ds

SWH
FIDRES
AQ

RG

~

2.00
1.98
1.26
1.01
1.18
1.10
3.09

1 0 ppm

======== CHANNEL f1
SFO1 400.1320007

SF 400.1300142

Hz
Hz
sec

usec
usec

S109



Me

I=z

3n

\

156.30
152.42
143.52

136.93

130.53
130.21

129.89
129.57

128.61

126.92

125.91

125.60
125.57

125.53

125.49

123.21

120.51
115.84
110.13

S -——

CF,

77.55
77.23

76.92

<

—47.41

—29.51
—25.91
—22.61

INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

DS

SWH
FIDRES
AQ

RG

DW

DE

T
200

T
180

T
160

T
140

T
120

T
100

80

0 ppm

wangwei-C
68

1

20140426
13.40
spect

5 mm PADUL 13C
zgog30
32768
CDC13
14784

o]
25252.525
0.770646
0.6488564
203

19.800
6.50

300.0
2.00000000
0.03000000

CHANNEL fl ====

100.6228298
13C

9.40

68
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\

Iz

2.93
1.01
1.00
3.17
1.13
1.13
3.29

NAME wangwel
EXPNO 317
PROCNC 1
Date_ 20140410
Time 13.27
INSTRUM spect
PROBHD 5 mm PADUL 13C
PULPROG 2930
D 32768
SOLVENT CpCl3
NS 16
Ds 0
SWH 12019.230
FTIDRES 0.366798
AQ 1.3631988
RG 203
DW 41.600
DE 6.50
TE 300.0
D1 2.0000000C0
DO 1
———————— CHANNEL f1l ====
SFO1 400.1320007
NUC1 1H
Pl 12.¢
SL 65536
SE 40C.1300116
WDW EM
SsB 0
LB 0.50
G 0
PC 1.00
1
ppm

Hz
Hz
sec

usec
usec
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NAME wangwei-C

NelioN| -~ oW N D O _ -
o — Mo M © ”n © o™ < Mo~ LXP 53
s [ 0 & o iy Moo PROCNO 1
O <1 W~ O O s O . . . . . . . . ~
00 NN MmN — o ~~ © ~ O A Date_ 20140410
— o — [l a T NN NN Time 13.32
INSTRUM spect
PROBHD 5 mm PADUL 13C
PULPROG zgpg30
™ 32768
SOLVENT cDe13
NS 13623
DS 0
SWH 25252.525
FIDRES 0.770646
AQ 0.6488564
AN RG 203
_ DW 19.800
P DE 6.50
TE 300.0
Me N N D1 2.00000000
H D11 0.03000000
DO 1
Me
CHANNEL f1 ====
30 100.6228298
13C
9.40
168
100.6127487
M
0
1.00
0
1.40
I ) _ _ : .
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm

S112



OMe

NAME

EXPNO
PROCNC
Date_

Time

INSTRUM

PROB.
PULP
D

HD
RCG

SOLVENT

NS
Ls
SWH

FTIDRES

AQ
RG

1.93

0.92

3.00
0.99

2.03

0.98
3.07

ppm

wangwel
327

20140415
13.30
spect

PADUL 13C
2930
32768
CpCl3

16

0
12019.230
0.366798
1.3631988
101
41.600

6
300.0

2.00000000

12.6
65536
40C0.1300116
EM
0
0.50

0
1.00

Hz
Hz
sec

usec
usec

S113



wangwei-C

O~ "o OO =
DO ® O O =] 0 oMo o — O~
e e 0 < N O T3} < ~
DO M O oo~ < MO e e e . . .o
[IoNTolTe] Mo mMm N O S~~~ w ~ DO N
— o — [ 'e} T NN
TNSTRUM
PROBHD 5 mm
PULPROG
™
SOLVENT
NS
DS
SWH
= FIDRES 0.770646
_ AQ 0.6488564
= RG 203
Me N N oW 19.800
H DE 6.50
TE 300.0
OMe D1 2.00000000
3p D11 0.03000000
DO 1
CHANNEL f1 ====
100.6228298
13C
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm
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Me

I=z

3q

\

Ph

NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

Ds

SWH
F'IDRES
AQ

RG

lee]

1.97
3.96
2.00
0.97
1.17
1.00

2.02

1.01
1.01

3.05

ppm

2

5 mm PADUL

400.

wangwei

3
01404

/

NN
Qe —ao .
=0 W W

0w

L

13002

0.

44
1

22

S}

4
t
c
c
8
3
6
¢

12019.230
0.366798
1.3631988

41
EM
0

50
¢
¢
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wangwei-C

OO AN O WD -
AOODHOOTMNO ™ ™~ 0™ o © 0o m 61
0 & o b o> o 1
OMHO®MWOWIMSM™S M~ e e . P .
LT TONNNNNN A O ~~© ~ o0 N 20140422
R B B B B e B O B o B o B | [l a = NN 3.28
TNSTRUM t
PROBHD 5 ac
PULPROG 30
™ 32768
SOLVENT cDe13
NS 128
DS 0
SWH 25252.525 Hz
FIDRES 0.770646 Hz
AQ 0.6488564 scc
RG 203
A oW 19.800 usec
_ _ DE 6.50 usec
TE 300.0 K
Me N N D1 2.00000000 sec
H D11 0.03000000 sec
DO 1
pon CHANNEL f1 ========
mn SFOL 100.6228298 Mz
NUCt 13C
Pl 9.40 usec
ST 32768
ST
WDW
SSB
R
GB
PC

T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm
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NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
™
SOLVENT
NS
DS
SWH

~ FIDRES
| a0

< S RG

Me

Iz
P4
o

Ei

7 6 5 4 3 2 1 0 ppm

8
0.85

7
0.91
0.94
3.00

wangwei-2xin
318

1

20150326

11.

spe

Z9
327

07
ct

5 mm PADUL 13C

30
68

CDC13

12019.2
0.3667

16
0
3C Hz
98 Hz

1.3631988 sec

2

41.600

03

.1300116 MHz
EM
0

0.

50
¢
¢
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NAME wangwei-C-1 HUIFU

o NO T N M O .
© H [~ oo © 0o ~ ™m0 o EXP 45
R e e e [N 0 o ) © o © PROCNO 1
0 oW © ~wOoMm e . . P L
[ToNNE I M NNN A O o~ 0 ~ [ NTe RS Date_ 20150326
B K TR B I T B B ~ -~ < ISENEN Time 11.09
INSTRUM spect
PROBHD 5 mm PADUL 13C
PULPROG z
TD
SOLVENT
NS
DS
SWH 25252.525 Hz
FIDRES 0.770646 Hz
AQ 0.6488564 sec
RG 203
AN DW 19.800 usec
_ DE 6.50 usec
_— s TE 296.0 K
_<_m Z D1 2.0000000C sec
H / D11 0.03000000 sec
\ DO 1
CHANNEL fl ========
3r 100.6228298 Miiz
13C
9.40 usec
168
100.6127510 MHz
EM
o]
1.00 Hz
C
1.40
T T T T T T T T
160 140 120 80 60 40 20 0 ppm
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:m:

I=z

3s

N\

NAME

EXPNO
PROCNO
Date_

Time

INSTRUM
PROBHD
PULPROG

TD

SOLVENT

NS
DS
SWH

F'IDRES

AQ
RG

2.10
1.21
1.21
1.12

0.98

1.15

3.06

wangwei-2xin
158

1
13
05
ct
3C
30
68
12
10

¢

12019.230
0.366798
1.3631988

=}
=
o
=

T o

e o
Q0 -0

5 mm PADU

.1300112
EM

0

0.50

¢
¢

S119



@~ M O O o
w O O -~ 0~ ™ [To el — N Y WOWooN M
. . o e e e . . 0 N oY «© T O WO N
0w oM Oy [~ O 0 O n O . . . . - . . . . .
[IpTa) MO NN - O -~~~ o — O~~~ N
— L B I B | — [l a 'e} O NNNN
TNSTRUM
PROBHD
PROG
SOLVENT
NS
DS
SWH 25252.525 Hz
FIDRES 0.770646 Ez
AQ 0.6488564 scc
RG 203
~N ow 19.800 usec
; DE 6.50 usec
— TE 296.1 K
n DL 2.00000000 sec
Bu ﬂ N D11 0.03000000 sec
DO 1
CHANNEL fl ========
100.6228298 Mz
3s
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm
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By

Iz

3t

\

NAME

EXPNO
PROCNO
Date_

Time

INSTRUM
PROBHD
PULPROG

TD

SOLVENT

NS
DS
SWH

F'IDRES

1.92

1.95
0.92
1.85

0.94

0.94

i

.00

—

.20

N

N -

1.13
1.02
1.06
1.03
1.10
6.05

=

wangwei-2xin
322

5 mm PADU

COWRO MO

12019.230
0.366798
1.3631988
101

41.600
6.50

295.7
2.00000000

.1300131
EM
0

0.50
¢
¢
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NAME wangwei
EXPNO 218
PROCNO 1
Date_ 20140301
Time 9.28
INSTRUM spect
PRCBHD 5 mm PADUL 13C
PULPROG 24930
D 32768
SOLVENT [elatedkc]
NS 16
AN DS 0
; SwE 12019.230 Hz
_ FIDRES 0.366798 Iz
AQ 1.3631988 sec
Me N N Me 2 203
H oW 11.60
DF. 6.5
TE 300.0
3u D1 2.00000000
O 1
SFO1
NUCL
S
SE' 400.1300076 MHz
WDW EM
SSB 0
LB 0.50 Ez
GB 0
BC 1.00
T T T T T !
7 6 5 4 2 0 ppm
o (o] O [e)} r~ (o1 R [ee]
(=] [} — — (=] Of [N
— o N [s9) — ||
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NAME wangwei-C

ERN 3 83 0o o o EXPN 20
. . s . N N o = [iplNeluTolnTe) PROCNO 1
i (N o3 e ~ oo m o Date_ 20140302
— — — [l a T NN NN Time 11.42
INSTRUM spect
PROBHD 5 mm PADUL 13C
PULPROG zgpg30
™ 32768
SOLVENT cDCL3
NS 941
DS o
SWH 25252.525 Hz
FIDRES 0.770646 Hz
AQ 0.6488564 sec
RG 203
DW 13.800 usec
~ DE 6.50 usec
_ TE 300.0 K
= DL 2.0000000C sec
Me N N Me DI1 0.03000000 sec
H TDO 1
\\\\\\\\ CHANNEL fl ========
3u SFOL 100.6228298 Miz
Nuc1 13C
Pl 9.40 usec
ST 32768
SF 100.6127487 MHz
WDW EM
SSB o
R 1.00 Hz
GB 0
PC 1.40

T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm

S124



Pr

Iz

3v

\

pr

NAME

EXPNO
PROCNO
Date_

Time

INSTRUM
PROBHD
PULPROG

TD

SOLVENT

NS
DS
SWH

F'IDRES

AQ
RG

0.97

0.97

N -

1.01
0.95
1.12

6.20

ppm

wangwei-2xin
347

1

20150403
8.51

spect

5 mm PADUL 13C
2930

32768

CDC13

16

¢

12018.230
0.366798
1.3631988
101

41.600

6.50

296.5
2.00000000

.1300088
EM
0

0.50
¢
¢
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o
~
™
—
—

—108.66

77.55
77.23

76.91

<

—57.59

PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

DS

SWH
FIDRES
AQ

RG

Dw

DE

TE

DL

20

T
100

80

60

40

20

0 ppm

wangwei-C-1 HUIFU

52

1
20150403
§.54

spect

25252.525
C.77064¢6
0.6488564
203

19.800
6.50

297.1
2.00000000
0.03000000

CHANNEL fl ====

100.6228298

1.40
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NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

Ds

SWH
F'IDRES
AQ

RG

DW

DE

TE

N -
=

0.94
0.94
0.94
1.00
2.04

ppm

wangwei-2xin
344

5 mm PADUL

COAWRO QM AN

12019.230
0.366798
1.3631988
101

41.600
6.50

295.5
2.00000000

CHANNEL f1
400.1320007

13

12.60

65536

.1300072

EM

0

0.50
¢
¢

usec

MHz

S127



n O 'el T O
T O o = < [To el DO OO0 O N
.. . .. 0 N oY TN OO~
[ te) ™M e . e e e e e e e e e .
[TalTe) o™ — -~~~ o DAM~WH DO T MHNN
— — — [l a T NN NN NN
INSTRUM spect
PROBHD
PULPROG
™
SOLVENT
NS
DS
SWH 25252.525
FIDRES 0.770646
AQ 0.6488564
RG 203
DW 19.800
AN DE 6.50
7 TR 296.1
P D1 2.00000000
i i D11 0.03000000
Bu ﬂ Bu 10 ]
CHANNEL f1 ====
100.6228298
3w 13C
40
168
1494
M
0
00
0
40
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm

S128



Iz

NAME wangwel—-2xin

0.99
1.07
1.05
3.35

EXPNO 369
PROCNO 1
Date_ 20150409

Time 6.11
INSTRUM spect
PROBHD 5 mm PADUL 13C
PULPROG zg30

D 32768
SOLVENT CDC13

NS 16

DS o

SWII 12015.23C Hz
FIDRES 0.366798 Hz
AQ 1.3631988 sec
RG 101

DW 41.60C usec
DB 6.5C usec
TE 294.6 K
D1l 2.000C000C sec
Ibe 1
======== CHANNEL ]l ========
SFOI 400.1320007 MHz
NUCL 1q

P1 12.60 usec
ST 65536

ST 400.1300112 MHz
WDW EM

SSB c

LB 0.5C Hz
G o

PC 1.00C

1
ppm
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NAME wangwel-C-1 HUIFU

EXPNC 56

PROCNO

0~ Date_

N Time

INSTRUM
PROBHD 5

PULPROG

ID

SOLVENT

NS

Ls

SWH 25252.525 BHz

FIDRES 0.77C646 Ez

AQ 0.6488564 sec
7 N RG 203

77.55
77.23

—155.31
—136.64
—112.77
—108.02
76.91

—47.43

LW
DE

N~ Bu 8

\

Me

wx TDO

\\\\\\\\ CHANNEL fl ========
SFOL 10C.6228298 Miz
NUC1 13c

sE 100.6127495 MHz
WDW EM

0
B 1.00 Ez
0

PC 1.40

200 180 160 140 120 100 80 60 40 20 0 ppm

S130



Me N~ "Bu By

I=z

Iz
=z
=
lo

3y 3y’

NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
D
SOLVENT
NS

DS

SWIL
FIDRES

~
o
&)
fIN
w
N -
[

1.25
1.25
2
0
3
2.77
2.04
0.86
1.31
2.25
3.38
3.11
3.92

wangwel—-2xin
364

1

20150408

6.0C

spect

5 mm PADUL 13C
zg30

32768

CDC13

CHANNEL £1 ====

400.1320007

400.1300175

Iz
Hz
sec

usec
usec

sec

usec

MHz

iz

S131



Me

Ir=z

3y

\

158.79
155.78
155.72
154.42

<
<

By

and

136.73
136.71
113.02
112.91
111.98
111.44

<
&
X

\

3y’

Me

77.55
77.23
76.91

N/

51.67
47.37

37.88

NSNS\

36.45

32.37
29.71

27.97

27.80

25.79

D
SOLVENT
NS

Ls

SWH
FIDRES
AQ

RG

200

180

160

140 120 100

80

60

40

20

0 ppm

WANGWET-C-HOU
38

1

20151120

14.24

spect

5 mm PADUL 13C

CHANNEL fl ====

10C.6228298
13¢C

9.40

32768
10C.6127495
EM

0
1.00
0

1.40

S132



