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General consideration: 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 CDCls as solvent and TMS as internal standard.
Chemical shifts (8) 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. Optical rotations were
measured with PerkinElmer 341 polarimeter. Flash 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.
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Representative procedure for the synthesis of 1,4-benzoxazines 1: To a round-bottomed
bottle were added ketone 4 (25 mmol), copper (II) bromide (11.17 g, 50 mmol) and
CHCI/EA = 1/1 (v/v) (25 mL), and the resulting mixture was refluxed for 2 h. The reaction
was cooled to room temperature, then the solid was filtered and washed there times by EA.
Removal of the solvents in vacuo, the residue was used directly without further purification.
To a round-bottomed bottle contained 2-aminophenol (10 mmol) and CH,Cl, (40 mL), 20%
aqueous K,COj solution (70 mL) and n-BusNHSO,4 (0.0030 g) were added. The solution of
compound 5 (10 mmol) in CH,Cl, (30 mL) was added dropwise to the reaction mixture, and

the reaction mixture was stirred at room temperature and monitored by TLC. After the
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consumption of starting material, organic layer was separated and the aqueous layer was
extracted with CH,ClI, (10 mL x 2). The combined organics were washed with water and brine,
and then dried over anhydrous Na,SO4. Removal of the solvents in vacuo, the residue was
purified by flash column chromatography to obtain the corresponding benzoxazines.

K. Gao, C.-B. Yu, D.-S. Wang and Y.-G. Zhou, Adv. Synth. Catal., 2012, 354, 483.

General procedure for the metal-free catalytic hydrogenation (Scheme 2): To a glass test
tube (10 mL) were added B(C¢Fs5)3(0.0051 g, 0.010 mmol), 1,4-benzoxazines 1 (0.40 mmol)
and dry toluene (0.2 mL). 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 20 bar. The reaction mixture was stirred at 50 °C for 6 h. The reaction mixture was
cooled to room temperature, and the solvent was removed under reduced pressure. The crude
residue was purified by flash chromatography on silica gel using PE/EA (10/1) as the eluent t

to give the desired product 2.

General procedure for the asymmetric hydrogenation (Scheme 4): To a glass test tube (10
mL) were added HB(CgFs), (0.0052 g, 0.015 mmol), chiral diene 3i (0.0091 g, 0.0075 mmol)
and dry CH,Cl, (0.6 mL). The resulting mixture was stirred for 5 min at room temperature,
and 1,4-benzoxazines 1 (0.30 mmol) was added. 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 20 bar. The reaction mixture was stirred at room
temperature for 12 h. The solvent was removed under reduced pressure, and the crude residue
was purified by flash chromatography on silica gel using PE/EA (10/1) as the eluent t to give

the desired product 2.
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CL,

N
1a: Yellow solid; "H NMR (400 MHz, CDCls, ppm) & 7.96-7.88 (m, 2H), 7.56-7.40 (m, 4H),
7.18-7.11 (m, 1H), 7.05-6.99 (m, 1H), 6.94-6.89 (m, 1H), 5.06 (s, 2H); °C NMR (100 MHz,
CDCls, ppm) & 158.9, 146.6, 135.7, 134.0, 131.4, 129.0, 128.9, 128.1, 126.7, 122.6, 115.8,

63.1.

J. Qin, F. Chen, Y.-M. He and Q.-H. Fan, Org. Chem. Front., 2014, 1, 952.
0]

o9
N

1b: Yellow solid; "H NMR (400 MHz, CDCLs, ppm) & 7.90 (d, J = 8.8 Hz, 2H), 7.43-7.38 (m,

OCH;

1H), 7.15-7.09 (m, 1H), 7.05-7.01 (m, 1H), 6.98 (d, J = 8.8 Hz, 2H), 6.94-6.89 (m, 1H), 5.03
(s, 2H), 3.87 (s, 3H); *C NMR (100 MHz, CDCls, ppm) & 162.3, 158.3, 146.5, 134.2, 128.4,
128.33, 128.28, 127.7, 122.5, 115.7, 114.3, 62.9, 55.6.

J. Qin, F. Chen, Y.-M. He and Q.-H. Fan, Org. Chem. Front., 2014, 1, 952.
0]

CL
N

1c: Yellow solid; 'H NMR (400 MHz, CDCls, ppm) & 8.01 (d, J = 8.4 Hz, 2H), 7.72 (d, J =

Ph

8.4 Hz, 2H), 7.68-7.63 (m, 2H), 7.52-7.44 (m, 3H), 7.43-7.34 (m, 1H), 7.20-7.13 (m, 1H),
7.09-7.01 (m, 1H), 6.97-6.91 (m, 1H), 5.11 (s, 2H); *C NMR (100 MHz, CDCls;, ppm) &

158.4, 146.6, 144.0, 140.3, 134.5, 134.1, 129.1, 128.8, 128.2, 128.0, 127.6, 127.4, 127.2,
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122.6, 115.8, 63.1.

J. Qin, F. Chen, Y.-M. He and Q.-H. Fan, Org. Chem. Front., 2014, 1, 952.

O
[ :[ H
N/ oC 3

1d: Yellow solid; 'H NMR (400 MHz, CDCls, ppm) 8 7.60-7.52 (m, 1H), 7.50-7.32 (m, 3H),
7.19-7.12 (m, 1H), 7.08-7.01 (m, 2H), 6.95-6.90 (m, 1H), 5.05 (s, 2H), 3.89 (s, 3H); °C NMR
(100 MHz, CDCls, ppm) & 160.2, 158.6, 146.6, 137.0, 133.9, 129.9, 128.9, 128.0, 122.5,
119.1,117.7, 115.7, 111.4, 63.2, 55.6.

J. Qin, F. Chen, Y.-M. He and Q.-H. Fan, Org. Chem. Front., 2014, 1, 952.

Le: Yellow solid; 'H NMR (400 MHz, CDCls, ppm) & 7.75-7.67 (m, 1H), 7.66-7.58 (m, 1H),
7.51-7.36 (m, 2H), 7.24-7.12 (m, 2H), 7.08-7.00 (m, 1H), 6.95-6.89 (m, 1H), 5.04 (s, 2H); '*C
NMR (100 MHz, CDCls, ppm) § 163.3 (d, J = 245.3 Hz), 157.4, 146.5, 137.9 (d, J = 7.3 Hz),
133.7, 130.5 (d, J = 8.0 Hz), 129.3, 128.2, 122.7, 122.2 (d, J = 2.8 Hz), 118.3 (d, /= 21.4 Hz),
115.8, 113.6 (d, J = 22.7 Hz), 63.0.

K. Gao, C.-B. Yu, D.-S. Wang and Y.-G. Zhou, Adv. Synth. Catal., 2012, 354, 483.

O
N

1f: Yellow solid; 'H NMR (400 MHz, CDCLs, ppm) § 7.98-7.91 (m, 1H), 7.76-7.68 (m, 1H),

7.49-7.34 (m, 3H), 7.20-7.13 (m, 1H), 7.06-6.99 (m, 1H), 6.95-6.88 (m, 1H), 5.01 (s, 2H); '*C
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NMR (100 MHz, CDCls, ppm) 6 157.3, 146.5, 137.3, 135.3, 133.7, 131.2, 130.2, 129.3, 128.2,
126.8, 124.6, 122.7, 115.8, 62.9.

J. Qin, F. Chen, Y.-M. He and Q.-H. Fan, Org. Chem. Front., 2014, 1, 952.

1g: Yellow solid; 'H NMR (400 MHz, CDCls, ppm) & 8.06-7.98 (m, 1H), 7.50-7.40 (m, 2H),
7.30-7.21 (m, 1H), 7.20-7.07 (m, 2H), 7.06-6.99 (m, 1H), 6.95-6.89 (m, 1H), 4.98 (d, J = 2.6
Hz, 2H); °C NMR (100 MHz, CDCls, ppm) & 161.9 (d, J = 249.3 Hz), 157.6, 132.8 (d, J =
8.6 Hz), 129.8 (d, J = 3.6 Hz), 129.2, 128.0, 124.9 (d, J = 3.0 Hz), 124.5 (d, J = 12.7 Hz),
122.6, 116.3 (d, J=22.3 Hz), 115.9, 65.0 (d, J = 13.5 Hz).

K. Gao, C.-B. Yu, D.-S. Wang and Y.-G. Zhou, Adv. Synth. Catal., 2012, 354, 483.

(0]
O
Cl
1h: Yellow solid; '"H NMR (400 MHz, CDCls, ppm) & 8.08-8.01 (m, 1H), 7.75-7.65 (m, 1H),
7.56-7.49 (m, 1H), 7.45-7.37 (m, 1H), 7.22-7.13 (m, 1H), 7.08-6.99 (m, 1H), 6.95-6.88 (m,
1H), 4.99 (s, 2H); °C NMR (100 MHz, CDCls, ppm) & 156.2, 146.3, 135.5, 135.4, 133.6,

133.5, 130.9, 129.5, 128.5, 128.2, 125.6, 122.7, 115.8, 62.6.

J. Qin, F. Chen, Y.-M. He and Q.-H. Fan, Org. Chem. Front., 2014, 1, 952.
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e
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1i: Yellow solid; '"H NMR (400 MHz, CDCl3, ppm) 6 8.28-8.22 (m, 1H), 8.20-8.17 (m, 1H),
7.97-7.85 (m, 3H), 7.60-7.46 (m, 3H), 7.22-7.15 (m, 1H), 7.10-7.03 (m, 1H), 6.99-6.94 (m,
1H), 5.19 (s, 2H); °C NMR (100 MHz, CDCl;, ppm) & 158.5, 146.6, 134.9, 134.1, 133.1,
129.1, 128.9, 128.8, 128.1, 128.0, 127.8, 126.95, 126.86, 123.5, 122.6, 115.8, 63.0.

X.-W. Liu, C. Wang, Y. Yan, Y.-Q. Wang and J. Sun, J. Org. Chem., 2013, 78, 6276.

(@)
X

T
1j: Yellow solid; '"H NMR (400 MHz, CDCls, ppm) & 8.50-8.41 (m, 1H), 7.99-7.89 (m, 2H),
7.66-7.49 (m, 5H), 7.25-7.19 (m, 1H), 7.11-7.05 (m, 1H), 7.04-6.97 (m, 1H), 5.02 (s, 2H); '*C
NMR (100 MHz, CDCl;, ppm) 0 162.1, 146.6, 134.7, 134.22, 134.20, 130.9, 130.7, 129.2,

128.8, 128.1, 127.4, 126.6, 126.3, 125.6, 125.2, 122.7, 116.0, 65.8.

X.-W. Liu, C. Wang, Y. Yan, Y.-Q. Wang and J. Sun, J. Org. Chem., 2013, 78, 6276.

CrL,
NS
le

1k: Yellow solid; 'H NMR (400 MHz, CDCLs, ppm) 8 7.57-7.51 (m, 1H), 7.44-7.36 (m, 2H),
7.09-7.17 (m, 2H), 7.05-6.97 (m, 1H), 6.95-6.88 (m, 1H), 5.00 (s, 2H); °C NMR (100 MHz,
CDClLs, ppm) § 153.9, 146.7, 141.6, 134.0, 131.0, 128.5, 128.2, 128.1, 127.7, 122.7, 115.8,
63.1.

X.-W. Liu, C. Wang, Y. Yan, Y.-Q. Wang and J. Sun, J. Org. Chem., 2013, 78, 6276.
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11: Yellow solid; '"H NMR (400 MHz, CDCl;, ppm) 6 7.91 (dd, J = 7.6, 1.2 Hz, 2H),
7.55-7.45 (m, 3H), 7.42 (d, J=2.4 Hz, 1H), 7.10 (dd, J = 8.4, 2.4 Hz, 1H), 6.85 (d, /= 8.4 Hz,
1H), 5.07 (s, 2H); °C NMR (100 MHz, CDCls, ppm) & 159.9, 145.2, 135.2, 134.8, 131.8,
129.0, 128.4, 127.7, 127.1, 126.8, 117.2, 116.8, 63.1.

Z.-P. Chen, M.-W. Chen, R.-N. Guo and Y.-G. Zhou, Org. Lett., 2014, 16, 1406.

(@]
O @
Br N

1m: Yellow solid; "H NMR (400 MHz, CDCls, ppm) & 7.89-7.86 (m, 2H), 7.56-7.53 (m 1H),
7.52-7.41 (m, 3H), 7.24-7.18 (m, 1H), 6.80-6.79 (m, 1H), 5.02 (s, 2H); °C NMR (100 MHz,
CDCls, ppm) & 159.8, 145.6, 135.11, 135.09, 131.7, 131.2, 130.5, 129.0, 126.7, 114.1, 63.0.

Z. Zhang, Y. R. Ji, L. Wojtas, W.-Y. Gao, S. Ma, M. J. Zaworotko and J. C. Antilla, Chem.

Commun., 2013, 49, 7693.

O
/@ =

N
1n: Yellow solid; '"H NMR (400 MHz, CDCl3, ppm) 6 7.94-7.88 (m, 2H), 7.50-7.43 (m, 3H),
7.27-7.24 (m, 1H), 6.97-6.92 (m, 1H), 6.83-6.79 (m, 1H), 5.02 (s, 2H), 2.33 (s, 3H); BC NMR
(100 MHz, CDCls, ppm) & 158.9, 144.3, 135.7, 133.7, 132.0, 131.3, 129.3, 128.9, 128.3,

126.6, 115.3, 63.1, 20.9.

X.-W. Liu, C. Wang, Y. Yan, Y.-Q. Wang and J. Sun, J. Org. Chem., 2013, 78, 6276.
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O

lo: White solid; '"H NMR (400 MHz, CDCl;, ppm) & 7.98-7.83 (m, 2H), 7.50-7.44 (m, 1H),
7.45-7.38 (m, 3H), 7.38-7.31 (m, 2H), 7.30-7.22 (m, 3H), 7.11-7.04 (m, 1H), 7.01-6.95 (m,
1H), 6.85-6.80 (m, 1H), 6.34 (s, 1H); >°C NMR (100 MHz, CDCl;, ppm) & 159.3, 144.7, 136.2,
136.0, 134.1, 131.1, 129.3, 129.1, 129.0, 128.9, 128.3, 127.8, 127.2, 122.4, 116.8, 73.3.

P. G. Baraldi, G. Saponaro, A. R. Moorman, R. Romagnoli, D. Preti, S. Baraldi, E. Ruggiero,
K. Varani, M. Targa, F. Vincenzi, P. A. Borea and M. Aghazadeh Tabrizi, J. Med. Chem.,

2012, 55, 6608.

O
@NIQ
1p: White solid; "H NMR (400 MHz, CDCls, ppm) & 8.01-7.94 (m, 2H), 7.51-7.42 (m, 4H),
7.20-7.14 (m, 1H), 7.06-7.00 (m, 1H), 6.96-6.91 (m, 1H), 5.53 (q, J = 6.8 Hz, 1H), 1.41 (d, J
= 6.8 Hz, 3H); °C NMR (100 MHz, CDCls, ppm) & 161.8, 144.6, 135.4, 133.5, 131.2, 129.0,
128.9, 127.7,122.3, 116.7, 68.0, 17.1.
P. G. Baraldi, G. Saponaro, A. R. Moorman, R. Romagnoli, D. Preti, S. Baraldi, E. Ruggiero,
K. Varani, M. Targa, F. Vincenzi, P. A. Borea and M. Aghazadeh Tabrizi, J. Med. Chem.,
2012, 55, 6608.

O
ooy

2a: Yellow oil; 95% yield; 33% ee; [a]p™ = +37.2 (¢ 0.60, CHCly), [lit.: [a]p*® = -118.1 (c 1.0,
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CHCl3) (98% ee for R-isomer)]; 'H NMR (400 MHz, CDCls, ppm) & 7.44-7.30 (m, SH),
6.88-6.78 (m, 2H), 6.75-6.65 (m, 2H), 4.51 (dd, J = 8.4, 2.8 Hz, 1H), 4.32-4.25 (m, 1H),
4.04-3.96 (m, 2H); *C NMR (100 MHz, CDCLs, ppm) & 143.7, 139.3, 134.1, 129.0, 128.5,
127.4,121.6, 119.1, 116.8, 115.5, 71.1, 54.3.

K. Gao, C.-B. Yu, D.-S. Wang and Y.-G. Zhou, Adv. Synth. Catal., 2012, 354, 483.

)

N~

VL
OCHj,4

2b: White solid; 99% yield; 40% ee, [a]p> = +40.1 (¢ 0.63, CHCL), [lit.: [o]p™ = -126.5 (c
1.0, CHCls) (98% ee for R-isomer)]; "H NMR (400 MHz, CDCls, ppm) & 7.37-7.31 (m, 2H),
6.99-6.93 (m, 2H), 6.91-6.87 (m, 1H), 6.87-6.81 (m, 1H), 6.77-6.71 (m, 1H), 6.71-6.65 (m,
1H), 4.46 (dd, J = 8.8, 2.4 Hz, 1H), 4.27 (dd, J = 10.8, 6.4 Hz, 1H), 4.04-3.94 (m, 2H), 3.83 (s,
3H); *C NMR (100 MHz, CDCls, ppm) & 159.7, 143.6, 134.2, 131.3, 128.5, 121.6, 119.0,
116.7,115.5, 114.3, 71.2, 55.4, 53.7.

J. Qin, F. Chen, Y.-M. He and Q.-H. Fan, Org. Chem. Front., 2014, 1, 952.

Oju,,
(X, o

2¢: White solid; 90% vyield; 42% ee, [o]p> = +27.2 (¢ 0.60, CHCL), [lit.: [o]p™ = +44.8 (c
1.04, CHCl3) (86% ee for S-isomer)]; "H NMR (400 MHz, CDCls, ppm) & 7.68-7.60 (m, 4H),
7.55-7.46 (m, 4H), 7.44-7.37 (m, 1H) 6.95-6.90 (m, 1H), 7.90-7.84 (m, 1H), 6.81-6.70 (m,

2H), 4.57 (dd, J = 8.4, 2.6 Hz, 1H), 4.30 (dd, J = 10.6, 2.6 Hz, 1H), 4.11-4.03 (m, 2H); °C
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NMR (100 MHz, CDCls, ppm) 6 143.7, 141.5, 140.7, 138.3, 134.0, 129.0, 127.8, 127.7, 127.6,
127.3,121.7, 119.1, 116.8, 115.6, 71.1, 54.1.

K. Gao, C.-B. Yu, D.-S. Wang and Y.-G. Zhou, Adv. Synth. Catal., 2012, 354, 483.

)
e ©/OCH3
H

2d: Yellow oil; 92% yield; 33% ee, [a]p™ = +21.5 (¢ 0.63, CHCL), [lit.: [a]p*® = +84.6 (c
0.87, CHCls) (87% ee for S-isomer)]; '"H NMR (400 MHz, CDCls, ppm) & 7.35-7.28 (m, 1H),
7.02-6.95 (m, 2H), 6.92-6.75 (m, 3H), 6.76-6.65 (m, 2H), 4.49 (dd, J = 8.8, 2.8 Hz, 1H), 4.30
(dd, J=10.4, 2.8 Hz, 1H), 4.06-3.96 (m, 2H), 3.83 (s, 3H); °C NMR (100 MHz, CDCls, ppm)
§ 160.14, 143.6, 140.9, 134.0, 129.9, 121.6, 119.6, 119.0, 116.7, 115.5, 113.8, 112.8, 71.1,
55.4,54.3.
K. Gao, C.-B. Yu, D.-S. Wang and Y.-G. Zhou, Adv. Synth. Catal., 2012, 354, 483.

0]
©:Hj,©/f:
2e: Colorless oil; 92% vyield; 31% ee, [a]p™ = +30.2 (¢ 0.60, CHCL), [lit.: [a]p*® = +58.7 (c
1.12, CHCl;) (85% ee for S-isomer)]; 'H NMR (400 MHz, CDCls, ppm) & 7.42-7.34 (m, 1H),
7.24-7.18 (m, 1H), 7.18-7.13 (m, 1H), 7.11-7.03 (m, 1H), 7.93-7.83 (m, 2H), 6.79-7.69 (m,
2H), 4.51 (d, J = 8.0 Hz, 1H), 4.30 (d, J = 10.6 Hz, 1H), 4.05-3.95 (m, 2H); >C NMR (100
MHz, CDCls, ppm) & 163.3 (d, J = 245.0 Hz), 143.6, 142.1 (d, J= 6.9 Hz), 133.7, 130.5 (d, J
=8.1 Hz), 122.9 (d, J=2.8 Hz), 121.8, 119.3, 116.8, 115.6, 115.3 (d, J=21.1 Hz), 114.2 (d, J

=22.0 Hz), 70.8, 53.8 (d, J = 1.3 Hz).
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K. Gao, C.-B. Yu, D.-S. Wang and Y.-G. Zhou, Adv. Synth. Catal., 2012, 354, 483.

2f: Yellow oil; 97% yield; 30% ee, [a]p™ = +26.2 (¢ 0.61, CHCLy), [lit.: [a]p*® = +71.0 (c 1.38,
CHCls) (88% ee for S-isomer)]; '"H NMR (400 MHz, CDCls, ppm) & 7.42 (s, 1H), 7.35-7.25
(m, 3H), 6.92-6.80 (m, 2H), 6.79-6.67 (m, 2H), 4.48 (dd, J = 8.2, 1.6 Hz, 1H), 4.31-4.25 (m,
1H), 4.03-3.94 (m, 2H); °C NMR (100 MHz, CDCl;, ppm) & 143.6, 141.5, 134.9, 133.6,
130.2, 128.6, 127.5, 125.5, 121.8, 119.3, 116.8, 115.7, 70.8, 53.9.
K. Gao, C.-B. Yu, D.-S. Wang and Y.-G. Zhou, Adv. Synth. Catal., 2012, 354, 483.
CL

N
2g: Colorless oil; 98% vyield; '"H NMR (400 MHz, CDCls, ppm) & 7.52-7.45 (m, 1H),
7.73-7.26 (m, 1H), 7.20-7.13 (m, 1H), 7.12-7.04 (m, 1H), 6.89-6.79 (m, 2H), 6.75-6.67 (m,
2H), 4.95-4.89 (m, 1H), 4.36 (dd, J = 10.8, 2.8 Hz, 1H), 4.04 (dd, J = 10.6, 7.2 Hz, 1H), 3.95
(brs, 1H); >C NMR (100 MHz, CDCls, ppm) & 160.5 (d, J = 245.3), 143.7, 133.8, 129.6 (d, J
= 8.2 Hz), 128.3 (d, J = 3.9 Hz), 126.7 (d, J = 12.7 Hz), 124.8 (d, J = 3.6 Hz), 121.8. 119.2,
116.9, 115.7, 115.6 (d, J=21.4 Hz), 69.2, 47.3 (d, J= 3.5 Hz).
K. Gao, C.-B. Yu, D.-S. Wang and Y.-G. Zhou, 4Adv. Synth. Catal., 2012, 354, 483.

(0]
@H :

Cl
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2h: Yellow oil; 96% yield; "H NMR (400 MHz, CDCls, ppm) & 7.53-7.49 (m, 1H), 7.48-7.43
(m, 1H), 7.27-7.21 (m, 1H), 6.87-6.79 (m, 2H), 6.76-6.67 (m, 2H), 4.52-4.45 (m, 1H),
4.29-421 (m, 1H), 4.02-3.90 (m, 2H); *C NMR (100 MHz, CDCls;, ppm) & 143.5, 139.7,
133.4, 133.1, 132.3, 130.9, 129.2, 126.6, 121.9, 119.4, 116.8, 115.7, 70.5, 53.3.

K. Gao, C.-B. Yu, D.-S. Wang and Y.-G. Zhou, Adv. Synth. Catal., 2012, 354, 483.

: White solid; 90% yield; '"H NMR (400 MHz, CDCls;, ppm) & 7.91-7.82 (m, 4H), &
7.55-7.47 (m, 3H), 6.93-6.82 (m, 2H), 6.77-6.70 (m, 2H), 4.71-4.65 (m, 1H), 4.40-4.34 (m,
1H), 4.15-3.05 (m, 2H); °C NMR (100 MHz, CDCl;, ppm) & 143.7, 136.7, 134.1, 133.5,

133.4,128.7,128.1, 127.9, 126.5, 126 .4, 126.3, 125.1, 121.7, 119.1, 116.8, 115.6, 71.0, 54.4.

X.-W. Liu, C. Wang, Y. Yan, Y.-Q. Wang and J. Sun, J. Org. Chem., 2013, 78, 6276.

se¥e

2j: White solid; 99% yield; '"H NMR (400 MHz, CDCls, ppm) & 8.24-8.18 (m, 1H), 8.00-7.94
(m, 1H) 7.92-7.85 (m, 1H) 7.77-7.70 (m, 1H) 7.62-7.49 (m, 3H), 6.96-6.91 (m, 1H), 6.91-6.84
(m, 1H) 6.81-6.73 (m, 2H), 5.36 (d, J = 6.8 Hz, 1H), 4.53 (d, J=10.8 Hz, 1H), 4.13 (dd, J =
10.8, 6.8 Hz, 1H), 3.42 (br s, 1H); °C NMR (100 MHz, CDCls, ppm) & 143.8, 134.6, 134.3,
133.9, 130.9, 129.3, 128.7, 126.7, 125.9, 125.8, 124.6, 122.4, 121.7, 119.1, 116.8, 115.8, 70.3,
50.3.

X.-W. Liu, C. Wang, Y. Yan, Y.-Q. Wang and J. Sun, J. Org. Chem., 2013, 78, 6276.
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N S/
2k: Yellow oil; 99% yield; "H NMR (400 MHz, CDCls, ppm) & 7.39-7.28 (m, 1H), 7.14-7.04
(m, 1H), 7.03-6.97 (m, 1H), 6.88-6.79 (m, 2H), 6.75-6.68 (m, 1H), 6.68-6.61 (m, 1H),
4.53-4.47 (m, 1H), 4.29-4.22 (m, 1H), 4.02-3.92 (m, 2H); °C NMR (100 MHz, CDCls, ppm)
8 143.7,142.9,133.2, 127.1, 125.5, 125.0, 121.7, 119.5, 116.8, 115.8, 71.2, 50.3.
X.-W. Liu, C. Wang, Y. Yan, Y.-Q. Wang and J. Sun, J. Org. Chem., 2013, 78, 6276.

o
Cl N

H

21: Yellow oil; 99% yield; "H NMR (400 MHz, CDCls, ppm) & 7.42-7.31 (m, 5H), 6.80-6.71
(m, 1H), 6.69-6.66 (m, 2H), 4.50 (dd, J = 8.4, 2.8 Hz, 1H), 4.32-4.24 (m, 1H), 4.08 (brs, 1H),
3.96 (dd, J = 11.6, 8.4 Hz, 1H); °C NMR (100 MHz, CDCl;, ppm) & 142.2, 138.8, 135.0,
120.1, 128.6, 127.3, 126.2, 118.5, 117.6, 114.9, 70.9, 54.1.

Z.-P. Chen, M.-W. Chen, R.-N. Guo and Y.-G. Zhou, Org. Lett., 2014, 16, 1406.

O
L
2m: Yellow oil; 99% yield; "H NMR (400 MHz, CDCls, ppm) & 7.42-7.30 (m, 5H), 6.80-6.74
(m, 2H), 6.72-6.67 (m, 1H), 4.48 (dd, J = 8.4, 2.3 Hz, 1H), 4.30-4.23 (m, 1H), 4.06 (brs, 1H),
3.94 (dd, J = 10.7, 8.4 Hz, 1H); °C NMR (100 MHz, CDCl;, ppm) & 142.7, 138.7, 135.4,
129.0, 128.6, 127.3, 121.4, 118.1, 117.7, 113.5, 70.9, 54.0.

Z. Zhang, Y. R. Ji, L. Wojtas, W.-Y. Gao, S. Ma, M. J. Zaworotko and J. C. Antilla, Chem.

Commun., 2013, 49, 7693.
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O
X
2n: Colorless oil; 99% yield; 'H NMR (400 MHz, CDCls, ppm) & 7.42-7.32 (m, 5H),
6.84-6.79 (m, 1H), 6.60-6.55 (m, 1H), 6.54 (s, 1H), 4.51 (dd, J = 8.4, 2.8 Hz, 1H), 4.30 (dd, J
= 10.6, 2.6 Hz, 1H), 4.05-3.95 (m, 2H), 2.31 (s, 3H); *C NMR (100 MHz, CDCl;, ppm) &

141.5, 139.5, 133.7, 131.0,128.9, 128.4, 127.3, 119.6, 116.4, 116.1, 71.1, 54.4, 20.9.

X.-W. Liu, C. Wang, Y. Yan, Y.-Q. Wang and J. Sun, J. Org. Chem., 2013, 78, 6276.

oG

20: White solid, 99% yield; "H NMR (400 MHz, CDCls, ppm) & 7.28-7.09 (m, 6H), 7.04-6.97
(m, 3H), 6.95-6.87 (m, 3H), 6.83-6.71 (m, 2H), 5.46 (d, J = 2.8 Hz, 1H), 4.74-4.67 (m, 1H),
4.29 (brs, 1H); *C NMR (100 MHz, CDCls, ppm) & 144.2, 139.5, 137.8, 133.7, 128.1, 128.0,
1279, 127.8, 127.7, 127.1, 122.1, 118.8, 117.1, 114.9, 79.4, 59.4.
P. G. Baraldi, G. Saponaro, A. R. Moorman, R. Romagnoli, D. Preti, S. Baraldi, E. Ruggiero,
K. Varani, M. Targa, F. Vincenzi, P. A. Borea and M. Aghazadeh Tabrizi, J. Med. Chem.,
2012, 55, 6608.

O
>y
2p: Colorless liquid, 98% yield; '"H NMR (400 MHz, CDCls, ppm) & 7.42-7.30 (m, 5H),
6.96-6.83 (m, 2H), 6.79-6.71 (m, 1H), 6.71-6.66 (m, 1H), 4.57-4.48 (m, 2H), 4.10 (brs, 1H),

1.15 (d, J = 6.4 Hz, 3H); °C NMR (100 MHz, CDCl;, ppm) & 143.0, 140.3, 133.4, 128.7,

S15



127.9,127.6,121.7,118.8, 117.1, 115.0, 73.4, 57.8, 15.7.
P. G. Baraldi, G. Saponaro, A. R. Moorman, R. Romagnoli, D. Preti, S. Baraldi, E. Ruggiero,

K. Varani, M. Targa, F. Vincenzi, P. A. Borea and M. Aghazadeh Tabrizi, J. Med. Chem.,

2012, 55, 6608.
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The chromatography for the determination of enantiomeric excess

;
Lo

HPLC Conditions: Column: Chiralcel OD-H, Daicel Chemical Industries, Ltd., Eluent:
Hexanes/IPA (70/30); Flow rate: 0.8 mL/min; Detection: UV 254 nm.

Racemic Chiral
E ] ] ia7
mAU 3 g . mAU ] 3 5
8003 bl -4 800 s =
7004 = 1 -
600 600
5003 ]
4003 400
3004 ]
200 ‘ 200
100 ol N Ll
od~— LIl _ T S | | | S
0 g 1ID 1|5 2|[] 2|5 i 1] .|5 1I[] 1I5 2|[] 2|5 mir
Peak RT Area % | Area Peak RT Area % | Area
“i |II.'i.['.: e e — # |Iljf'.: I D —
1 11.099| 49.820|1. 3794 1 10,704 33.596|1. 038e4
2 14.947| 50. 180 1. 3894 2 14. 476 66. 404 |2. 052e4

)
N~
L
OCH3 2b

HPLC Conditions: Column: Chiralcel OD-H, Daicel Chemical Industries, Ltd., Eluent:
Hexanes/IPA (70/30); Flow rate: 0.8 mL/min; Detection: UV 254 nm.

Racemic Chiral
= WAL o
mAU] 2 mAU § N §
1 =] - 350 g ~
8004 ] 3004 -
] ® 2503
600 E
1 ‘ 200
400 150
] U 100
] | 0] | |
0 — || |||\ gF—T -
Ollllglllubllu1g IIEhIH £§|;$ 0""g"'yb"'wg Iléhlu gg';$
Peak RT Area % | Area Peak RT Area % | Area
# | [min] |——o|— # | [min) |——|——
1 10. 961 | 49.795|1. b85e4 1 11.002] 30.095|4. 387e3
2 16. 958 | 50.205|1. 598e4 2 17.005] 69.905|1. 0194
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Ph Zc

HPLC Conditions: Column: Chiralcel OD-H, Daicel Chemical Industries, Ltd., Eluent:
Hexanes/IPA (90/10); Flow rate: 1.0 mL/min; Detection: UV 254 nm.

Racemic Chiral
mAU 3 é mAL %
. 2
03 5 50
603 3 | E
50 '| 40 |
403 \ \ 30 § |
305 |". | 20 8
20 \ E i |
104 | | E \ I
03— —_— . B e — N
—rT I1IGI — IEIDI — ISIL]I — .4,[1:’”;r 0. T I1I£]I - IEIDI - I3It]| T I4I[J;nilr
Peak RT Area % | Area Peak RT Area % | Area
# [min] |——|——— # [min] |[———|——
1 33.411] 49.705/6.944e3 1 34. 388 28.790|2. 1893
5.414e3

2 38,9511 50.295[7. 026e3 2 38,641 71.210

(0]
@Nj",/@OCH3
H
2d

HPLC Conditions: Column: Chiralcel OD-H, Daicel Chemical Industries, Ltd., Eluent:
Hexanes/IPA (70/30); Flow rate: 0.8 mL/min; Detection: UV 254 nm.

Racemic Chiral
mAU_E EI% mAU—: %
] S ] e
500 400 -
] ] %
400 300 = ‘
200 ] |
] 200+
2004 ‘ ] ‘ ‘
mn—; | 100 \ |
D—f R D—: ._J S R \
e e e H
0 a8 10 15 20 25  mir 1] 5 10 15 20 25  mir
Peak RT Area % | Area Peak RT Area % | Area
# |I|i['.: I # |Ili['_j _——_
1] 17.528] 49.932|1.711ed 1| 17.531| 33.519]7.347¢3
2l 19.609] 50.068|1.716ed 2| 19.530| 66.481|1.457e4
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HPLC Conditions: Column: Chiralcel OD-H, Daicel Chemical Industries, Ltd., Eluent:

Hexanes/IPA (70/30); Flow rate: 0.8 mL/min; Detection: UV 254 nm.

Racemic Chiral
mAU J B mAL ] 2 o
N W] f @
400 © 8001
300 ' 6001 ‘
200—5 U 400—5 ‘
100—5 20[1—: \
] 1
0 . ilLI ||L 0 . l A
0||||é||||1||j||||1|5| 2|[J o 0....|||||||||||||||2|D|||m|ir
Peak RT Area % | Area Peak RT Area % | Area
# [min] |——[—— # [min] |——|——-o
1 10. 888 49,824 B, 026e3 1 10.896| 34.429|1. 427e4
2 15. 606 50.176 8. 083e3 2 15. 535 65.571 2. T18e4

)
N ©/CI
H
2f

HPLC Conditions: Column: Chiralcel OD-H, Daicel Chemical Industries, Ltd., Eluent:
Hexanes/IPA (70/30); Flow rate: 0.8 mL/min; Detection: UV 254 nm.

Racemic Chiral
rnAU_E (.3 rnAU—: E @
] o r~ 12004 b =
504 @ E
] ~ 10003 ‘
404 ]
3 300
304 600 ‘
207 | 400 ‘ |
10 JI 200 ﬂ |
D—: AP — ] D_:__l_L._ - L —
TTT T TT T T [ TT T T[T T T T[T IT I [T7T7T B L L
0 5 10 15 20 25 mir 0 5 40 45 20 25 mi
Peak RT Area % | Area Peak RT Area % | Area
# [min] |——|——— 4 [mwin] |———|——o
1 12.433] 50.061|1. 100e3 1 12.245| 35. 148 2. 447e4

2 17.977) 49.9391. 097e3

2 17. 460

64. 852 |4, 515e4




NANME wsn—-2-H-S

EXPXNO 1354
PROCNO 2
Date_ 2016C203
Time 7.19
INSTRUM specst
PROBHD 5 mm PACJL 13C
PULFPROG zg30
D 32768
SCLVZXT CDC13
NS 16
CS 0
SW= 1291%.230
FIDRZS C.366798
AQ 1.3631988
RG 81
LW 41.600
CE 6.50
TE 3C0.0
D_ 2.6000C000
TDC 1
======== (CEANNEL fl ====
SFO1 400..32C0007
NUC1 1H
PZ 12.60
sz 65336
SF 400.2.30C1.56
WDW EM
SSB 0
LB .50
GB 0
C 1.00

2.00

o -

2.00

Hz
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NAMF. wem-2-C-8

OO H 00D WO
HWOMMN®DO W™ — SXPNO 1351
C v v e e e e e e e — S20CNS 1
0 O S — WO N WD .
W T MMANN NN N A ™ Date_ 20160105
A oA A A A A A A A A X} Time 7.21
7 /.////\\\_\ INSTRUM spect
2ROBIID S mm PADUL 12C
ZULPRCG zopg 30
™ 32768
SOTWVENT cnel13
O NS 65
N DS o
N Sw= 25252.525 Hz
FIDRES C.770646 Hz
1a AQ 0.6468064 sec
RG 161
DW 15.8CC usec
K 6.5C usec
= 300.0 K
D1 2.G00000CC sec
D11 C.C3000000C scc
TDe 1
\\\\\\\\ CEANNEL [1 ————————
570° 00.6228298 MEz
NUZTZ 13C
21 9.4C usec
SI 327768
57 ZCC.6127/£94 Mliz
WDW M
553 C
L3 1.CC Hz
G3 G
2C 1.40

T T T T i T T I T

ﬁ 1 T T
180 160 140 120 100 80 60 40 20 0 ppm
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203
.02
1.04
.92
.09
.91

OINI©

-

200 o

NANME wsn—-2-H-S

EXPNO 1396
PROCNO 1
Date_ 20151216
Time 13.33
INSTRUM specst
PROBHD 5 mm PACUL 13C
PULPROG zg30
TD 32768
SCLVZXT CDC13
NS 13
CS 0
SW= 12319.230
FIDRES C.366738
AQ 1.3631988
RG 81
CW 41.600
CE 6.50
TE 3C0.0
D 2.6000C000
TDC 1
======== (CEANNEL fl ====
SFO1 400.2.320007
NUC1 1H
P 12.60
sz 65336
SF 400.239C200
WDW EM
SSB 0
LB .50
GE 0
C 1.00

Hz
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NAMF. wem-2-C-8

RN R S RS v o =X2NO 1379
06 0w o e 22000 :
BRTmmNQ QN e I, bate_ 20151114
e e e e e R | W Time 12.27
/\ /L/LN%NAy\ \AW“W“V\ 7 _ INSTRUM spect
2ROBIID S mm PADUL 12C
ZULPRCG zopg 30
™ 32768
SOTWVENT cnel13
NS 61
DS 5
Sw= 25252.525 Hz
Qo = LDRES £.770646 Hz
AQ 0.6468064 sec
N OCHs G 128
DW 15.8CC usec
= 6.5C usec
1b b 300.0 K
Dl 2.G00000CC sec
D11 5.03000000C scc
TDe 1
\\\\\\\\ CEANNEL [1 ————————
570° 00.6228298 MEz
NUZTZ 13C
21 9.4C usec
SI 32768
57 ZCC.6127538 Mliz
WDW M
553 C
L3 1.CC Hz
G3 G
2C 1.40

(- _:

I T T T T T

* _ T T T
180 160 140 120 100 80 60 40 20 0 ppm
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8 7 6
ANNINNO|IoIo|o

200

NANME wsn—-2-H-S

EXPNO 1343
PROCNO 2
Date_ 20151214
Time 12.22
INSTRUM specst
PROBHD 5 mm PACUL 13C
PULPROG zg30
TD 32768
SCLVZXT CDZ13
NS 16
CS 0
SW= 12319.230
FIDRZS C.366798
AQ 1.3631988
RG 203
CW 41.600
CE 6.50
TE 3C0.0
D 2.6000C000
TDC 1
======== (CEANNEL fl ====
SFO1 400.2.320007
NUC1 1H
P 12.60
sz 65336
SF 400.232C039
WDW EM
SSB 0
LB .50
GE 0
C 1.00

Hz
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158.43

146.59

144.04

140.31

34.46
134.12

—

129.14

128.83

128.18

128.04

127.59

127.36

127.15

122.59
115.76

NS\

O
I
1e Ph

NAMF
IXPNO
2ROCNG
Datce_
Time
INSTRUM
2ROBIID
ZULPRCG
™
SOTWVENT
NS

DS

Sw=
FIDRES
AQ

RG

DW

D

T

63.05

_
160

T
140

T
120

T _
,_oo mo

60 40 20 0 ppm

wem-2-C-8
13415

1
20151114
12.15
spect

5 mm PADUL 13C
zgpg30
32768
cnel13

126

o
25252.525
C.770646
C.6£68264
128
19.8CC
6.5C

300.C
2.G00000GC
3.03000000

CEANNEL [1 ———-

Z00.6228298
13C

9.40C

327768
ICC.6127£95
M

c

1.GC

G

1.40

usec

Mz

Hz

S25



CrL,
Z\ OCH3

NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG

TD

SCLVZXT

NS
Cs
SW=

FIDRES

AQ
RG
oW
CE

o —
-~ -

9
8
0.99
1.89
0.91

o -
B
w

1.97
3.00

CEANNEL f1

wsn—-2-H-S
1379

1
20151214
12.23
spec:

mm PACUL 13C

zg30
32768
CDC13

8

0
1291%.230
C.366798
1.3631988
201
41.600
6.50
3C0.0
2.6000C000
1

400..32C007
1H

12.60

65536
400.230C200
EM

o

.50

0

1.00

Hz
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NAMF, wsm-2-C-8

SRS h oS habra 0 o IX2NG 1379
. . . . . . - - . - . . . — O MwonZﬂu “_.
L na8RaanY < bate_ 20151114
e e e e e R | W Time 12.27
/\ /L/LN%NAy\ \AW“W“V\ 7 _ INSTRUM spect
2ROBIID S mm PADUL 12C
ZULPRCG zopg 30
™ 32768
SOTWVENT cnel13
NS 61
DS G
fo) Sw= 25252.525 Hz
FIDRES C.770646 Hz
ﬁHHuH pZ OCH3 AQ C.64£B8564 sec
N Y] 128
DW 15.8CC usec
K 6.5C usec
1d = 300.C K
D1 2.000000CC sec
D11 5.03000000C scc
TDe 1
\\\\\\\\ CEANNEL [1 ————————
570° 00.6228298 MEz
NUZTZ 13C
21 9.4C usec
SI 32768
57 20C.612/538 Mz
WDW M
553 C
L3 1.CC Hz
G3 G
el 1.40

, _ T T T
180 160 140 120 100 80 60 40 20 0 ppm
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NANME wsn—-2-H-S

EXPNO 138¢
PROCNO 1
Date_ 20151214
Time 12.31
INSTRUM specst
PROBHD 5 mm PACUL 13C
PULPROG zg30
TD 32768
SCLVZXT CDZ13
NS 6
CS 0
SW= 12319.230
FIDRES C.366738
AQ 1.3631988
RG 203
CW 41.600
CE 6.50
TE 3C0.0
D 2.6000C000
TDC 1
======== (CEANNEL fl ====
SFO1 400.2.320007
NUC1 1H
P 12.60
sz 65336
SF 400.239C200
WDW EM
SSB 0
LB .50
GE 0
C 1.00

200 o 4

Hz
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NAMF
IXPNO
2ROCNG
Datce_
Time

IS i 23050

ZULPRGCG
™
SOTVENT
NS

DS

Sw=

o TLDRES
P F AQ
N RG

DwW
1e ne
T

164.53
162.08
157.44
146.51
137.96
137.88
133.74
130.54
130.46
118.41
118.19
115.81
113.68
113.45
63.02

o ;_: ;

I T T T T T

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

wem-2-C-8
1381

1

20151114
12.32
spect.

5 mm PADUL 13C
zgpg30
372768
CnCl13

3841

¢
25252.525
C.770646
C.64£B8564
128

19.8¢CC
5.5C

300.0C
2.¢d0000CC
¢.03000000

CEANNEL [1 ———-

Z00.6228298
13C
9.40C
327168
z1egt
M

c
1.GC
G
1.40

ZCC.61

Hz
Hz
sec

usec
usec

secC

sCC

usec

Mz

Hz
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NAM=E wsn—-2-H-§

EXENO 1435
PRCCTNO 1
Dazte_ 20160105
Time 7.24
INSTRUM spect
PRC3HD 3 mm PADUL 13C
PUL2ROG zg30
D 327¢8
SOLVENT CLCLl3
NS 13
DS C
SWH 12019.23C
FIDXES C.36€7%98
AQ 1.363198¢
RG 128
DW 42.60C
DE 6.5C
E 390.¢C
D1 2.C0C0000C
~DO 1
======== CHANNZL f. ====
SEQL 400.2323007
NUCL 1E
Pl Z2.€C
SI 65536
SE 400,2300156
WDW =M
SSE c
LB 0.5C
G C
PC 1.2C
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SO~V Mm Ao
0 s M oMme oo N
Rl B B B B B B |

NAMF,

SO Mmoo I

— I~ 0 © © o SXPNO
N rO RN os} 2ROCNG
O N .

NN o bate_
o w0 Time

NS Ve 3208

ZULPRGCG
™m
SOTVENT
NS
DS

, _ T
180 160 140

I T T I T I

T T
120 100 80 60 40 20 0 ppm

wem-2-C-8
1435

1
20160105
7.26
spect

5 mm PADUL 13C
zgpg30
32768
cnel13

17

o
25252.525
C.770646
C.6£68264
161
19.8CC
6.5C

300.C
2.G00000GC
3.03000000

CEANNEL [1 ———-

Z00.6228298
13C

9.40C

327768
ZCC.6127524
M

c

1.GC

G

1.40

usec

Mz

Hz

S31



NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG

TD

SCLVZXT

NS
Cs
SW=

FIDRES

AQ
RG
oW
CE

0 -
~

0.96
1.96
1.1
.96
0.99
9

2.00

CEANNEL f1

wsn—-2-H-S
1408

1
20151219
4.37
spec:

mm PACUL 13C

zg30
32768
CDC13

13

0
1291%.230
C.366798
1.3631988
28
41.600
6.50
3C0.0
2.6000C000
1

400..32C007
1H

12.60

65536
400.230C259
EM

o

.50

0

1.00

Hz

S32



NAMF
IXPNO
2ROCNG
Datce_
Time
INSTRUM
2ROBIID
ZULPRCG
™m
SOTWVENT
NS

0 F DS
P SW
N TLDRES

AQ
3G
19 DW
n=
T

163.05
160.56
157.63
132.76
132.67
129.83
129.79
129.23
128.01
124.96
124.893
124,58
124.46
122.59
116.46
116.24
115.89
65.12

64,98

/
%
§

il

I T T T T I

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

wem-2-C-8
1408

1

20151119
£.39

spect.

5 mm PADUL 13C
zgpg30
372768
Cnel3

118

¢
25252.525
C.770646
C.64£B8564
128

19.8¢CC
5.5C

300.0C
2.¢d0000CC
¢.03000000

CEANNEL [1 ———-

Z00.6228298
13C

9.40C

327168
ZCC.6127/519
M

c

1.GC

G

1.40

Hz
Hz
sec

usec
usec

secC

sCC

usec

Mz

Hz

S33



NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG

TD

SCLVZXT

L, e
CS
Z\ c SW=

FIDRES

Cl AQ
RG
CW
CE

olo/oolo/olo

200 o -

CEANNEL f1

wsn—-2-H-S
1331

1
20151214
12.10
spec:

mm PACUL 13C

zg30
32768
CDC13

12

0
1291%.230
C.366798
1.3631988
_44
41.600
6.50
3C0.0
2.6000C000
1

400..32C007
1H

12.60

65536
400.230C200
EM

o

.50

0

1.00

Hz

S34



NAMF. wem-2-C-8

VA G- S v - =X2NO 1331
. . - . . . - - . . . . . O Mvwoﬂ;\. ﬂu “_.
Lenonnosernay N bate_ 20151114
A A A A A el Time 12.1¢C
f/N/MHMUWWMJ/%AMNMNNHW\L INSTRUM spec.
2ROBIID S mm PADUL 12C
ZULPRCG zopg 30
™ 32768
SOTWVENT cnel13
QO NS 60
DS 5
N cl SWx 25252.325 Hz
FIDRES C.770646 Hz
Cl AQ 0.6468064 sec
Th RS 128
DW 15.8CC usec
= 6.5C usec
K 300.0 K
Dl 2.G00000CC sec
D11 C.C3000000C scc
TDe 1
\\\\\\\\ CEANNEL [1 ————————
570° 00.6228298 MEz
NUZTZ 13C
21 9.4C usec
SI 32768
57 ZCC.612751t Mliz
WDW M
553 C
L3 1.CC Hz
G3 G
2C 1.40

I T T T T T

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

S35



I

®(olo) (e
@R —nLTM
Sl—loi [ollo

T

7

©
4]

(=]

<
@
=)

2.00

NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SCLVZXT
NS

CS

SW=
FIDRES
AQ

RG

CW

CE

wsn—-2-H-S
1420

1
20151223
16.26
spec:

5 mm PA3BO BB/
zg30
32768
CDC13

13

0
8012.820
0.244532
2.0447731
116.67
62.400
6.50
298.0
2.6000C000
1

CEANNEL fl ====

400.2424716
1H
14.80
65536
400.240C038
EM
o

C.3
0
1.00

Hz

S36



NAMF. wem-2-C-8

M AW AN A DN OO0 0~
LWOAOODWNROOM OW®WW™ o ZX2PNG 142G
PR S o SROCND 1
OO T T MM O MMM O W0 MmN WO - PR
WTOMOONNNNNNNNNN A ™ bate_ 20151123
/_/%a__f%&\\\ INSTRUM spect
2ROBIID 9 mm PARBC BR/
ZULPRCG zopg 30
™ 53336
SOTWVENT cnel13
NS 29
DS 4
Sw= 24038.461 Hz
T1IDRES C.366798 Hz
0 AQ 1.3631988 sec
. RG 206.33
20

1i e 298.2 K

D1 2.000000CC sec
D11 5.03000000C scc
TDe 1
\\\\\\\\ CEANNEL [1 ————————
570° 00.6504816 MEz
NUZTZ 13C

21 10.CC usec
SI 32768

57 20C.6404126 Mz
WDW M

553 C

L3 1.CC Hz
G3 G

2C 1.40

ﬁ _ T ,
180 160 140 120 100 80 60 40 20 0 ppm

S37



1

L

NANME wsn—-2-H-S

EXPNO 1402
PROCNO 1
Date_ 20151220
Time 9.42
INSTRUM specst
PROBHD 5 mm PACUL 13C
PULPROG zg30
TD 32768
SCLVZXT CDC13
NS 13
CS 0
SW= 12319.230
FIDRZS C.366798
AQ 1.3631988
RG 203
CW 41.600
CE 6.50
TE 295.0
D 2.6000C000
TDC 1
======== (CEANNEL fl ====
SFO1 400.2.320007
NUC1 1H
P 12.60
sz 65336
SF 400.239C202
WDW EM
SSB 0
LB .50
GE 0
C 1.00

0.97

T T

8 7
o I oo
Qhﬁuaﬂmwowﬂ
~lolwolola

200 o

Hz

S38



NAMF
IXPNO
2ROCNG
Datce_
Time
INSTRUM
2ROBIID
ZULPRCG
™
SOTWVENT
NS

DS

0 SW=
P Q F1IDRES
¢ :

162.06
146.59
134.68
134.22
134.20
130.88
130.66
129.16
128.84
126.29
125.60
125.18
122.71
115.98
—65.83

NS

7

="

G
DW

, DR

1

! =

| ;:Z L

I T T T T T

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

wem-2-C-8
14G2

1

20151117
7.08

spect.

5 mm PADUL 13C
zgpg30
372768
CBCl13

302

¢
25252.525
C.770646
C.64£B8564
128

19.8¢CC
5.5C

300.0C
2.¢d0000CC
¢.03000000

CEANNEL [1 ———-

Z00.6228298
13C

9.40C

327168
ZCC.6127/54C
M

c

1.GC

G

1.40

Hz
Hz
sec

usec
usec

secC

sCC

usec

Mz

Hz

S39



NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG

TD

SCLVZXT

NS
Cs
SW=

FIDRES

AQ
RG
oW
CE

2.00

CEANNEL f1

wsn—-2-H-S
1388

1
20151213
7.53
spec:

mm PACUL 13C

zg30
32768
CDC13

16

0
1291%.230
C.366798
1.3631988
81
41.600
6.50
3C0.0
2.6000C000
1

400..32C007
1H

12.60

65536
400.230C202
EM

o

.50

0

1.00

Hz

S40



NAMF. wem-2-C-8

GRS RES380 © =X2NG 1388
SR e ° Jomio !
AR e I Tl - Date_ 20151115
A A A A A A A A A el Time 7.57
//r/ﬁ/ﬁ/ﬁﬂﬁ/ \\\x INSTRUM spec.
2ROBIID S mm PADUL 12C
ZULPRCG zopg 30
™ 32768
SOTWVENT cnel13
NS 160
DS 5
Sw= 25252.525 Hz
0 = LDRES £.770646 Hz
MHHMH P s AQ 0.6468064 sec
N RG 128
W DW 19.8CC usec
1k = 6.5C usec
= 300.0 K
Dl 2.G00000CC sec
D11 C.C3000000C scc
TDe 1
\\\\\\\\ CEANNEL [1 ————————
570° 00.6228298 MEz
NUZTZ 13C
21 9.4C usec
S5I 32768
57 ZCC.612/502 Mliz
WDW M
553 C
L3 1.GC Hz
G3 G
2C 1.40
[ -

I T T T T T

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

S41



AX

1l

NANME wsn—-2-H-S

EXPNO 1409
PROCNO 1
Date_ 20151220
Time 9.52
INSTRUM specst
PROBHD 5 mm PACUL 13C
PULPROG zg30
TD 32768
SCLVZXT CDZ13
NS 16
CS 0
SW= 12319.230
FIDRES C.366738
AQ 1.3631988
RG 203
CW 41.600
CE 6.50
TE 295.0
D 2.6000C000
TDC 1
======== (CEANNEL fl ====
SFO1 400.2.320007
NUC1 1H
P 12.60
sz 65336
SF 400.230C20¢4
WDW EM
SSB 0
LB .50
GE 0
C 1.00

2.09
3.1
0.91
1.00

-~ -

o -
£

202

Hz

S42



NAMF. wem-2-C-8

S RN R3IBLEELR - IX2NC 1469
. . - . . . . . - . . — Mvwon ﬂu H
AL NN - Date_ 20151120
— A A A A A A Xe} Time 9.54
; r/MMMUWWh/?&M“&HH\& 7 INSTRUM spec.
2ROBIID S mm PADUL 12C
ZULPRCG zopg 30
™ 32768
SOTWVENT cnel13
NS 11
DS G
o Sw= 25252.525 Hz
. = LDRES C.770646 Hz
Cl N RO C.6£88>64 sec
RG 128
1l DW 15.8CC usec
K 6.5C usec
e 795.1 K
Dl 2.G00000CC sec
D11 C.C3000000C scc
TDe 1
\\\\\\\\ CEANNEL [1 ————————
570° 00.6228298 MEz
NUZTZ 13C
21 9.4C usec
SI 32768
57 ZCC.6127£98 Mliz
WDW M
553 C
L3 1.CC Hz
G3 G
2C 1.40

I T T I T I

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

S43



NANME wsn—-2-H-S

EXPNO 1412
PROCNO 1
Date_ 20151220
Time 1C.06
INSTRUM specst
PROBHD 5 mm PACUL 13C
PULPROG zg30
TD 32768
SCLVZXT CDZ13
NS 16
CS 0
SW= 12319.230
FIDRZS C.366798
AQ 1.3631988
RG 90.3
CW 41.600
CE 6.50
TE 294.8
D 2.6000C000
TDC 1
======== (CEANNEL fl ====
SFO1 400.2.320007
NUC1 1H
P 12.60
sz 65336
SF 400.239C2132
WDW EM
SSB 0
LB .50
GE 0
C 1.00

<
~
(=]
o -

9
9
]
9
204

Hz

S44



—159.78

145.62
135.11
135.09
131.72

131.22

—AM~0o0m NAMF.
oy~ N — ZX2NO
Cos e (= 2ROCNG
gaeny - batc_
[ ) Time
R\W\ﬂAW\\ _ INSTRUM
>ROBIID
2ULPRGCG
™m
SOTWVENT
NS
D&

*
180

_
160

T
140

I T T T T I

T T
120 100 80 60 40 20 0 ppm

WEmM—72-C—

1412

2

20151120

10.C8

spect

5 mm PADUL 13C
zgpg30

372768

o3

2.G00000CC
G.C30000CC

CEANNEL [1 ———-

Z00.6228298
13C

9.40C

32768
ZCC.6127571
M

c

1.GC

G

1.40

usec

Mz

Hz

S45



NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG

TD

0 SCLVEXT
P NS
N

Cs
SW=

n FIDRES

AQ
RG
oW
CE

1.97

200 — o
7

CEANNEL f1

wsn—-2-H-S
1411

1
20151220
9.58
spect

mm PACUL 13C

zg30
32768
CDC13

16

0
1291%.230
C.366798
1.3631988
28
41.600
6.50
294.9
2.6000C000
1

400..32C007
1H

12.60

65536
400.230C259
EM

o

.50

0

1.00

Hz

S46



—158.89

144.26
135.73
133.75

NAMF
IXPNO
2ROCNG
Datce_
Time
INSTRUM
2ROBIID
ZULPRCG
™m
SOTWVENT
NS

DS

63.10
20.85

*
180

_
160

T
140

T
120

I T T T T I

80 60 40 20 0 ppm

WEmM—72-C—

1411

1

20151120

10.C1

spect.

5 mm PADUL 13C
zgpg30

372768

CBCl13

1GC

2.G00000CC
G.C30000CC

CEANNEL [1 ———-

Z00.6228298
13C

9.40C

327168
ICC.6127532
M

c

1.GC

G

1.40

usec

Mz

Hz

S47



NAME
EXPNO
PROCNO
Date_
Time

INSTRUM
O PROBHD
o PULPROG

X .
SCLVZXT

\
N

0 =

s

SW=

FIDRES

AQ
RG
oW
CE

T T I I T I I I T

8 7 6
DO | RO O
PN P P e ==

CEANNEL f1

wsn—-2-H-S
1310

1
2016C203
7.03
spec:

mm PACUL 13C

zg30
32768
CDC13

13

0
1291%.230
C.366798
1.3631988
203
41.600
6.50
3C0.0
2.6000C000
1

400..32C007
1H

12.60

65536
400.230C242
EM

o

.50

0

1.00

Hz

S48



NAMF. wem-2-C-8

Nedaodmadadmans o IXPNO 1310
R T T L T “ ZRoeN reh
DTN NN N NN NN A I bate_ 20160105
A A A AAAAA A A A A A A A ~ Time 7.07
//.///_ZX\\ i INSTRUM spect
2ROBIID S mm PADUL 12C
ZULPRCG zopg 30
™ 32768
SOTWVENT cnel13
NS 239
DS 5
Sw= 25252.525 Hz
o] LDRES C.770646 Hz
Q 20 C.6468564 sec
N RG 161
O DW 15.8CC usec
= 6.5C usec
1o = 300.C K
D1 2.000000CC sec
D11 5.03000000C scc
TDe 1
\\\\\\\\ CEANNEL [1 ————————
570° 00.6228298 MEz
NUZTZ 13C
21 9.4C usec
SI 32768
57 Z0C.612/¢95 Mz
WDW M
553 C
L3 1.CC Hz
G3 G
2C 1.40

L i

I T T T T T

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

S49



o
~ -
[=2]
(3]

2.12
1
0
1.04
1.00
1.06

3.21

NAME wsm-2-H-S

EXPNO 1482
PROCNO 1
Date_ 2016C107
Time 11.1¢4
INSTRUM spect
PROBHD 5 rmm PADUL 13C
PULPROCG zg30
D 32768
SCLVENT CDC13
NS 16
LS 0
SWH 1201¢9.230
FIDRES 0.366798
AQ 1.3631988
RG 128
DW 41.600
BE 6.50
TE 300.0
D1 2.0000C000
TDC 1
======== CHANNEL fl ====
SFO1 400.132C6007
NUC1 1H
P1 12.60
SI 65536
SF 400.130C100
WDW EM
SSB 0
LB .50
GB 0
c 1.00

Hz

S50



NAMF, wsm-2-C-8

S AshIFIRAR o - IX2NG 1482
. . . . . . . . . . (o)) — Mvwoﬂ;\. O “_.
o TeNazanay ~ - Date_ 20160107
— A~ o — Time 11.16
7 //ﬁ/MﬂM/fmwﬂvuw\\ INSTRUM spec.
2ROBID 5 mm PADUL 13C
ZULPRCG zopg 30
™ 32768
SOTWVENT CDC13
NS 160
D3 o
O SW= 25252.525 Hz
@H _ FLDRES C.770646 Hz
N AQ 0.6468064 sec
25 161
1P DW 19.8CC usec
= 5.5C usec
= 300.C K
D1 2.600000CC sec
D1l 6.C3000000 scc
TDE 1
\\\\\\\\ CEANNEL [1 ———————
5700 0G0.6228298 MEz
NUZZ 13C
21 9.4C usec
S5I 32768
57 CC.612/51C Mz
WDW M
333 C
L3 1.GC Hz
G3 o
Ed 1.4¢

-

I T T T T I

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

S51



NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD

0] -
PULFPROG
D

SCLVZXT

Iz

NS
2a Cs
SW=

FIDRES

AQ
RG
oW
CE

4.98
0
9
0
0

2.01

CEANNEL f1

wsn—-2-H-F
1480

1
20151223
7.48
spec:

mm PACUL 13C

zg30
32768
CDC13

16

0
1291%.230
C.366798
1.3631988
203
41.600
6.50
3C0.0
2.6000C000
1

400..32C007
1H

12.60

65536
400.230C22¢9
EM

o

.50

0

1.00

S52

Hz



NAMF, wsm-2-C-F

SAERISTELT “ - IX2NG 1440
AR A ™M 2ROCNG 1
A TR 4 - Date_ 20151209
A A A ™~ o) Time 7.22
r/ﬁ/”/”/y\ \\M\W\L _ 7 INSTRUM spec.
2ROBIID S mm PADUL 12C
ZULPRCG zopg 30
™ 32768
0 SOTWVENT cnel13
NS 12
Q DS ¢
n SW= 25252.525 Hz
LDRES ¢.770646 Hz
23 AQ C.6468264 sec
RG 128
DW 15.8CC usec
K 6.5C usec
= 300.C K
D1 2.G00000CC sec
D11 C.C3000000C scc
TDe 1
\\\\\\\\ CEANNEL [1 ————————
570° 00.6228298 MEz
NUZTZ 13C
21 9.4C usec
SI 32768
57 ZCC.612/594 Mz
WDW M
553 C
L3 1.CC Hz
G3 G
2C 1.40
L I

I T T I T I

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

S53



I=

2b QOCH;

NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SCLVZXT
NS

CS

SW=
FIDRZS
AQ

RG

CW

CE

R |0
NN Q

O]t

wsn—-2-H-F
1450

1
20151227
14.40
spec:

5 mm PA3BO BB/
zg30
32768
CDC13

13

0
8012.820
0.244532
2.0447731
125.02
62.400
6.50
298.0
2.6000C000
1

CEANNEL fl ====

400.2424716
1H
14.80
65536
400.240C032
EM
o

C.3
0
1.00

Hz

S54



NAMF, wem-2-C-F

N VR ai A AR o oo IX2NG 1456
. e T R Y — D Mvwoﬂ;\.ﬂu “_.
S 03aga%eas R bate_ 20151127
— A A A A A ~ TolTel Time 10.28
RN NV Y
2ROBIID S mm PABRO BB/
ZULPRCG zopg 30
™ 55336
SOTWVENT cnel13
NS 3
O DS 4
ﬁHHuH Sw= 24038.461 Hz
N LDRES C.366798 Hz
H AQ 2.3631988 sec
QCH; RG 206.32
2 DW 20.8CC usec
= 6.5C usec
= 798.5 K
D1 2.G00000CC sec
D11 C.C3000000C scc
TDe 1
\\\\\\\\ CEANNEL [1 ————————
570° 00.6504816 MEz
NUZTZ 13C
21 10.CC usec
SI 32768
57 ZCC.6404215 Mz
WDW M
553 C
L3 1.CC Hz
G3 G
2C 1.40
-l e enord

I T T T T T

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

S55



NANME wsn—-2-H-F
EXPXNO 1453
PROCNO 1
Date_ 29151227
Time 14.53
INSTRUM specst
PROBHD 5 mm PA3BO BB/
PULFPROG zg30
0 TD 32768
@M SCLVENT ¢DC13
N NS 16
H CS 0
Ph SW= 8012.820 Hz
2 FIDRZS £.244532 Hz
AC 2.0447731 sec
RG 14C.59
CW 62.400 usec
CE 6.50 usec
TE 298.0 K
D_ 2.6000C000 sec
TDC 1
======== (CEANNEL f]l ========
SFO1 400.2424716 Midz
NUC1 1H
P 14.80 usec
sz 65336
SF 400.242C033 MHz
WDW EM
SSB 0
LB C.20 Hz
GB 0
C 1.00

ppm

S56

g S|



143.70
141.42
140.73
138.33

34,02

29.02
127.78
127.68
127.65
127.26
121.69
119.12
116.79
115.58

—

SNV

5

Iz

Ph

—54.08

NAMF
IXPNO
2ROCNG
Datce_
Time
INSTRUM
2ROBIID
ZULPRCG
™
SOTWVENT
NS

DS

*
180

_ T T T
160 140 120 100 80 60

40 20 0 ppm

wem-72-C-F

1455

1

20151127

10.5C

spect

5 mm PABRC BB/
zgpg30

53336

o3

P
W
Ny Ny Gy o L

2.G00000CC
5.C30000C0C

CEANNEL [1 ———-

Z00.6504818
13C

10.CC

327168
ZCC.6404201
M

c

1.GC

G

1.40

usec

Mz

Hz

S57



Cr

Iz

2d

OCH;

NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SCLVZXT
NS

CS

SW=
FIDRZS
AQ

RG

CW

CE

wsn—-2-H-F
1449

2
20151227
14.33
spec:

5 mm PA3BO BB/
zg30
32768
CDZ13

16

0
8012.820
0.244532
2.0447731
116.67
62.400
6.50
298.0
2.6000C000
1

CEANNEL fl ====

400.2424716
1H
14.80
65536
400.240C032
EM
o

C.3
0
1.00

Hz

S58



NAMF
IXPNO
2ROCNG
Datce_
Time
INSTRUM
2ROBIID
ZULPRCG
™
SOTWVENT
NS

QCH, DS

140.94
133.99
129.94
121.61
119.03
116.70
115.54
113.80
112.82
—71.05

—160.14
143.63

_—55.38

T~54.25

2
7
Ve
X
a o\

Iz
w
=
i

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

wem-2-C-F

14419

1

20151127

10.2C

spect

5 mm PABRC BB/
zgpg30

53336

o3

2.G00000CC
G.C30000CC

CEANNEL [1 ———-

Z00.6504818
13C

10.CC

327168
ICC.6404228
M

c

1.GC

G

1.40

usec

Mz

Hz

S59



L
N
I
2e
T T I T
8 7 6 5
o(@(w MJﬁﬁﬂJ of=
3|&(3| 33| 8|3
~lalelal~l— =|=

1.91

NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SCLVZXT
NS

CS

SW=
FIDRZS
AQ

RG

CW

CE

wsn—-2-H-F
1452

1
20151227
14.43
spec:

5 mm PA3BO BB/
zg30
32768
CDZ13

16

0
8012.820
0.244532
2.0447731
206.33
62.400
6.50
298.0
2.6000C000
1

CEANNEL fl ====

400.2424716
1H
14.80
65536
400.240C033
EM
o

C.3
0
1.00

Hz

S60



164.49
162.04
143.62
142.12

142.05

133.68

130.50
130.42

122,95
122.92
121.77
119.27

116.79

115.64

115.42
115.20

114.33

114.11

NSO

—70.76

53.89

53.87

<

*
180

_
160

T
140

T
120

T
100

_
80

60

40

20

ppm

NAMF
IXPNO
2ROCNG
Datce_
Time
INSTRUM
2ROBIID
ZULPRCG
™
SOTWVENT
NS

DS

Sw=
FIDRES
AQ

RG

DW

nm

T

wem-2-C-F

1452

1

20151127

10.34

spect.

5 mrm PARRC BB/

b
W
Ny Ny Gy o L

2.G00000CC
G.C30000CC

CEANNEL [1 ———-

Z00.6504818
13C

10.CC

327168
ZCC.6404207
M

c

1.GC

G

1.40

Hz
Hz
sec

usec
usec

secC

usec

Mz

Hz

S61



X

I=

Cl

NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SCLVZXT
NS

CS

SW=
FIDRES
AQ

RG

CW

CE

wsn—-2-H-F
1457

1
20151227
14.59
spec:

5 mm PA3BO BB/
zg30
32768
CDZ13

16

0
8012.820
0.244532
2.0447731
125.02
62.400
6.50
298.0
2.6000C000
1

CEANNEL fl ====

400.2424716
1H
14.80
65536
400.240C034
EM
o

C.3
0
1.00

Hz

S62



NAMF, wem-2-C-F

O MNANO FWDOO W -
00O AN T~ OO < o ZX2NO 1457
. . . . - . . . . . . - r~ o0 Mvwoﬂ;\. ﬂu “_.
ity A s RE bate_ 20151127
oA A A A [ e} Time 10.55
//_///\\\\\\ _ _ INSTRUM spec.
2ROBIID S mm PABRO BB/
ZULPRCG zopg 30
™ 55336
SOTWVENT cnel13
NS 20
0 DS 4
cl Sw= 24038.461 Hz
N “1DRES C.366798 Hz
H AQ 1.3631988 sec
2 RG 206.32
DW 20.8CC usec
= 6.5C usec
= 798.6 K
D1 2.G00000CC sec
D11 C.C3000000C scc
TDe 1
\\\\\\\\ CEANNEL [1 ————————
570° 00.6504816 MEz
NUZTZ 13C
21 10.CC usec
SI 32768
57 ZCC.6404209 Mz
WDW M
553 C
L3 1.CC Hz
G3 G
2C 1.40

| _

I T T T T T

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

S63



L

Iz

29

NAME wsm-2-H-P

T T
85 8.0

75 7.0 65

O[Ot
i el b el it
IOIoIQIrIr

5 6.0

~
o

5]

4.5

-

40 35 30 25 20

EXPNO 1465
PROCNO 2
Date_ 20151210
Time 13.52
INSTRUM spect
PROBHD 5 mm PADUL 13C
PULPROG zg30
TD 32768
SQLVENT CDC13
NS 12
DS 0
SWH 12019.230
FIDRES 0.366798
AQ 1.3631988
RG 203
DW 41.600
DE 6.50
TE 300.0
D1l 2.00000000
TDO 1
======== CHANNEL fl ====
SFO1 400.1320007
NUC1 1H
Pl 12.60
ST 65536
SF 400.1300207
WDW EM
SSB 0
LB 0.50
GB 0
PC 1.00
T
ppm

Hz

S64



124.75

p | ____::

121.80

119.21

115.67

115.52

—69.24

47.33
47.30

<<:

|

*
180

_
160

T
140

T
120

T
100

_
80

60

40

20

ppm

NAMF
IXPNO
2ROCNG
Datce_
Time
INSTRUM
2ROBIID
ZULPRCG
™m
SOTWVENT
NS

DS

Sw=
FIDRES
AQ

RG

DW

nm

T

wem-72-C-F

1416

1

20151209

7.36

spect.

5 mm PADUL 13C
zgpg30

372768
o3
82

¢
2.525
C.770646
C.64£B8564
114

19.8¢CC
5.5C

300.0C
2.¢d0000CC
¢.03000000

2

CEANNEL [1 ———-

Z00.6228298
13C

9.40C

327168
ZCC.6127564
M

c

1.GC

G

1.40

Hz
Hz
sec

usec
usec

secC

usec

Mz

Hz
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|
2h ©

NANME wsn—-2-H-F
EXPNO 1464
PROCNO 1
Date_ 20151213
Time 7.37
INSTRUM specst
PROBHD 5 mm PACUL 13C
PULPROG zg30
TD 32768
SCLVZXT CDZ13
NS 16
CS 0
SW= 12319.230
FIDRES C.366738
AQ 1.3631988
RG 203
CW 41.600
CE 6.50
TE 3C0.0
D 2.6000C000
TDC 1
======== (CEANNEL fl ====
SFO1 400.2.320007
NUC1 1H
P 12.60
sz 65336
SF 400.2390C2232
WDW EM
SSB 0
LB .50
GE 0
C 1.00

Hz
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C

—53.33

T
180

_
160

T
140

T
120

T
100

_
80

60

40

20

ppm

NAME
ZXPNO
PROCNG
Date_
lime
INSTRUM
PROBHD
PULPRCG
™
SOLVENT
NS

DS

SwWHE
Z1IDRES
AQ

RG

DW

D®

TR

CEANNEL r1

wsm-2-C-P
14441

1

20151123
16.04

spect

mm PABBO BB/
zgpg30

65536

oo

oy

W Co o WD W W

24038.46
0.36679
1.363198¢

2.000000CC
0.0300000C

100.6504816
13C

10.00C

32768
100.6404219
EM

Hz
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Iz

2i

A

4.04

4
olw(o|m
-

ppm

NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SCLVZXT
NS

CS

SW=
FIDRZS
AQ

RG

CW

CE

wsn—-2-H-F
1459

1
20151227
15.03
spec:

5 mm PA3BO BB/
zg30
32768
CDZ13

16

0
8012.820
0.244532
2.0447731
14C.59
62.400
6.50
298.0
2.6000C000
1

CEANNEL fl ====

400.2424716
1H
14.80
65536
400.240C033
EM
o

C.3
0
1.00

Hz

S68



NAMF
— o IX2PNO
= el 2ROCNG
= - bate_
r~ [fe] Time

143.73
136.67
134.07
133.51
133.43
128.74

28.09
127.90
126.55

26.38
126.32
125.11
121.70
119.13
116.81
115.62

— —
r/kHMMWWWWMW%WLymwmwmmmmmmNHW\L INSTRUM
SROBIID
SULPRGG
™
SOTWVENT
NS
DS

) |

I T T T T I

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

wem-2-C-F

1459

1

20151127

11.CC

spect

5 mm PABRC BB/
zgpg30

53336

o3

'
W
N2 Ny Gy Lo L

2.G00000CC
5.C30000C0C

CEANNEL [1 ———-

Z00.6504818
13C

10.CC

327168
ICC.6404244
M

c

1.GC

G

1.40

usec

Mz

Hz

S69



Cr

(o]

Iz

2

1.00

1.01

NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SCLVZXT
NS

CS

SW=
FIDRZS
AQ

RG

CW

CE

wsn—-2-H-F
1443

2
20151227
15.07
spec:

5 mm PA3BO BB/
zg30
32768
CDC13

11

0
8012.820
0.244532
2.0447731
102.73
62.400
6.50
298.0
2.6000C000
1

CEANNEL fl ====

400.2424716
1H
14.80
65536
400.240C032
EM
o

C.3
0
1.00

Hz
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NAMF
IXPNO
2ROCNG
Datce_
Time
INSTRUM
2ROBIID
ZULPRCG
™
SOTWVENT
NS
DS
Sw=
FIDRES
AQ
a RG

DW

nm

T

143.81
134.55
134.26
133.94
130.97
129.28
128.70
125.94
125.78
124.58
122.43
121.67
119.14
116.80
115.80
—70.27
—50.25

7 -126.72

|

Iz o)

I I I I T T I I

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

wem-72-C-F

1443

1

20151127

10.14

spect

5 mm PABRC BB/
zgpg30

55336

b

W
N1 N Oy L
(R RINY

2.G00000CC
G.C30000CC

CEANNEL [1 ———-

Z00.6504818
13C

10.CC

327168
1CC.6404282
M

c

1.GC

G

1.40

Hz
Hz
sec

usec
usec

secC

sCC

usec

Mz

Hz

S71



NAME

EXPNO
PROCNO
Date_

Time

INSTRUM
PROBHD
PULPROG

D

SOLVENT

NS
o) DS

T T
7

5 4 3 2 1 ppm

wsm-2-H-P
1466

3

20151210
13.56
spect

5 mm PADUL 13C
zg30

32768
CDC13

16

0
12019.230
0.366798
1.3631988
203

41.600
6.50

300.0
2.00000000

CHANNEL fl ====

400.1320007
1H

12.60

65536
400.1300099
EM

0

0.50

0

1.00

Hz
Hz
se

us
us

MH

Hz
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143.68
142.86
133.22
124,98

£
/
\

mn

121.74
119.53

116.80
115.79

—71.17

R = O
O

NAMF
IXPNO
2ROCNG
Datce_
Time
INSTRUM
2ROBIID
ZULPRCG
™
SOTWVENT
NS

DS

—50.29

T T
140 120

;
100 80

60 40 20 0 ppm

wem-2-C-F

1442

1

20151209

7.25

spect.

5 mm PADUL 13C
zgpg30

372768

CBCl13

26

2.G00000CC
G.C30000CC

CEANNEL [1 ———-

Z00.6228298
13C

9.40C

327768
_CC.6lzv/e2
M

c

1.GC

G

1.40

usec

Mz

Hz

S73



NAME
EXPNO
PROCNO
Date_

\MHHMHO Time
[o}

INSTRUM

=

TD

2 SCLVZXT

NS
Cs
SW=

FIDRES

AQ
RG
oW
CE

4.9
9
1.85
0!
0

PROBHD
PULFPROG

CEANNEL f1

wsn—-2-H-F
1467

2
20151210
13.59
spec:

mm PACUL 13C

zg30
32768
CDC13

16

0
1291%.230
C.366798
1.3631988
203
41.600
6.50
3C0.0
2.6000C000
1

400..32C007
1H

12.60

65536
400.230C038
EM

o

.50

0

1.00

Hz

S74



142.17
138.79
135.02
129.05
128.64

127.26

126.24

118.45
117.59

NAMF
IXPNO
2ROCNG
Datce_
Time
INSTRUM
2ROBIID
ZULPRCG
™
SOTWVENT
o NS

X s
Sw=
Cl N :

114.90
—70.90
—54.05

*
180

_
160

T
140

T
120

I T T T T T

I
100 80 60 40 20 0 ppm

wem-72-C-F

14417

1

20131209

7.43

spect

5 mm PADUL 13C
zgpg30

32768

o3

2.G00000CC
G.C30000CC

CEANNEL [1 ———-

Z00.6228298
13C

9.40C

327768
ZCC.6127/60C9
M

c

1.GC

G

1.40

usec

Mz

Hz
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JX

2m

=

4.92

NAME wsm-2-H-F

EXPNO 1468
PROCNO 1
Date_ 20151213
Time 7.40
INSTRUM spect
PROBHD 5 mm PADUL 13C
PULPROCG zg30
TD 32768
SCLVENT CDC13
NS 16
DS 0
SWHE 12019.230
FIDRES 0.366798
AQ 1.3631988
RG 161
DW 41.600
DE 6.50
TE 300.0
D1 2.0000C000
TDC 1
======== CHEANNEL fl ====
SFO1 400.132C6007
NUC1 1H
P1 12.60
SI 65536
SF 400.130C160
WDW EM
SSB 0
LB .50
GB 0
c 1.00

Hz
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NAME wsm-2-C-P

CEISTINArD © o ZXPNO 1448
. . . . . . . . . . [e0] (e} IUWODZO 1|
YOS SNRSNT K ba 20151209
i B e R A B M s B ~ o) lime 7.4%6
///!\ \.§ _ _ INSTRUM spect
PROBHD 5 mm PADUL 13C
PULPRCG zgpg30
D 32768
SOLVENT CDC13
NS 36
o DS c
\HHHMH SwWHE 25252.525 Hz
Br N FIDRES 0.770646 Hz
H AQ 0.6488564 sec
RG 2032
2m DW 19.80C usec
D®E 6.5C usec
E 300.C K
Dl 2.0000000C sec
D11 0.0300000C sec
IDC 1

\\\\\\\\ CEANNEL 1 ========
SFOL 100.6228298 MEz
usec
Mz
S8B
3
GB )
°C 1.40

Hz

T _ T T T T
180 160 140 120 100 80 60 40 20 0 ppm
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I=

2n

4.92

298

NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SCLVZXT
NS

CS

SW=
FIDRZS
AQ

RG

CW

CE

wsn—-2-H-F
1453

1
20151227
14.50
spec:

5 mm PA3BO BB/
zg30
32768
CDZ13

16

0
8012.820
0.244532
2.0447731
3C.72
62.400
6.50
298.0
2.6000C000
1

CEANNEL fl ====

400.2424716
1H
14.80
65536
400.240C032
EM
o

C.3
0
1.00

Hz

S78



116.44
116.05

i

NAMF
IXPNO
2ROCNG
Datce_
Time
INSTRUM
2ROBIID
ZULPRCG
™m
SOTWVENT
NS

DS

—71.11
—54.44
20.91

*
180

T T T
160 140 120

I T T T T I

80 60 40 20 0 ppm

wem-7-C-F

1453

2

20151127

10.44

spect.

5 mrm PARRC BB/

2.G00000CC
G.C30000CC

CEANNEL [1 ———-

Z00.6504818
13C

10.CC

327168
ICC.6404229
M

c

1.GC

G

1.40

usec

Mz

Hz

S79



6.16
298
295
1.98
1.00
1.01
0.99

NANME wsn—-2-H-F
EXPXNO 1474
PROCNO 2
Date_ 2016C203
Time 7.30
INSTRUM specst
PROBHD 5 mm PACJL 13C
PULFPROG zg30
D 32768
SCLVZXT CDC13
NS 13
CS 0
SW= 12319.230
FIDRZS C.366798
AQ 1.3631988
RG 01
CW 41.600
CE 6.50
TE 3C0.0
D 2.6000C000
TDC 1
======== (CEANNEL fl ====
SFO1 400.2.320007
NUC1 1H
P 12.60
sz 65336
SF 400.239C200
WDW EM
SSB 0
LB .50
GE 0
C 1.00

Hz

S80



144.17

I

139.47

137.82

133.71

28.07
128.04
127.90
127.84
127.67

27.11
122.14

— —

__:_:v

118.82

NAMF.
— IXPNC
< SROCNG
. Date_
[ta} Time

117.11
114.90

INSTRUM
2ROBIID
2ULPRCG
™m
SOTWVENT
NS

DS

—79.40

O

@

X

=

_
160

T T
140 120

I T T T T T

I
100 80 60 40 20 0 ppm

wem-72-C-F

1474

1

20160105

7.31

spect

5 mm PADUL 13C
zgpg30

32768

o3

2.G00000CC
5.C30000C0C

CEANNEL [1 ———-

Z00.6228298
13C

9.40C

327168
ICC.6127/556
M

c

1.GC

G

1.40

usec

Mz

Hz

S81



NAME
IX2NC
PROCKO
Date_
Time
“NSTRUM

o SROBHD
mHHUH 2ULPROG
)
SOLVENT
NS
% DS
SwH
TIDRES
AD
3G
DW
DE
°E

Iz

WDW
883
LB

~
a.

6 5 4 3 2 1 ppm

4.98
1.98 ~N
05
8
2.05
1.00
3.22

wsm—2-E-?
1487

20260107
11.34
spect

S rar. PADUL 13C
zg30

32768
COCl3

e

J
12029.2390
0.366798
1.3631988
37

41.600
6.30

30C.0
2.0C000C00

CHANNEL f1 ====

400.1320C07
_H

12.690

63536
430.1300C9¢
EM

J

0.30

J

1.090

Hz
Hz
secC

Asec
asec

sec

Hz

S82



NAME
EXPNO
PROCNG
Sate_
Time
INSTRUM
PROBIID
PULPROG
T
SOTVENT
NS

oS

SWH
FLORES
AQ

RC

oW

o

TF

-1l
TZ0

143.01
140.26
133.37
128.69
127.90
127.62
121.69
118.81
117.10
115.03
—73.43
—57.81
15.69

/
/
<
\

-

Iz

SFOL
NUCL
Pl
ST
ST
WoOW
558
LB
CB
PC

mil

T I T T T T

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

wsm-2-C-T
1487

1

20160107
11.36
spect

5 mm PADUL 13C
zgpg30
32768
cnel3

38

0
25252.525
0.770646
0.6488564
161

19.800
£.50

300.0
2.0GCC0000
0.03CC0D00

CHANNEL 11 ———-

100.6228298
13C

9.40

32'1€8
100.612758¢
™M

0

1.00

0

1.40

Hz

S83



