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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 CDCIl, (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.

Representative procedure for hydrogenation of pyridines (Scheme 3, S5a): To a
sealed tube (15 mL), were added 2,6-diphenylpyridine (3a) (0.0924 g, 0.40 mmol),
B(C¢Fs); (0.0205 g, 0.040 mmol), ammonia borane (0.0497 g, 1.6 mmol), and dry
toluene (1.0 mL) in a nitrogen atmosphere glovebox. The resulting mixture was
stirred at 120 °C for 6 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 (10/1) to petroleum
ether/ethyl acetate/Et;N (5/1/0.1) as the eluent to give 2,6-diphenylpiperidine (5a) as a

white solid (0.0768 g, 81% yield).

"B NMR study on the reaction mixture: After the solvent of the reaction mixture
was removed under reduced pressure, the crude residue was dissolved in C¢Dg (2.0

mL). A'"'B NMR spectra is recorded on Bruker AV 400 at room temperature, and the
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chemical shift is relative to Et,O-BF; (0 ppm).
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Cis-2,6-diphenylpiperidine (5a): 0.0765 g, 81% yield, cis/trans = 99/1, white solid;
'H NMR (400 MHz, CDCls, ppm): & 7.49 (d, J = 7.6 Hz, 4H), 7.40-7.32 (m, 4H),
7.30-7.24 (m, 2H), 3.88-3.82 (m, 2H), 2.06-1.96 (m, 1H), 1.90-1.82 (m, 3H),
1.76-1.49 (m, 3H); °C NMR (100 MHz, CDCls, ppm): & 146.0, 128.5, 127.2, 126.9,
62.8, 34.9, 26.0.

Liu, Y.; Du, H. J. Am. Chem. Soc. 2013, 135, 12968.
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Cis-2,6-di(p-tolyl)piperidine (5b): 0.0806 g, 76% yield, cis/trans = 97/3, white solid;
'H NMR (400 MHz, CDCls, ppm): & 7.33 (d, J = 8.0 Hz, 4H), 7.11 (d, J = 8.0 Hz,
4H), 3.80-3.69 (m, 2H), 2.32 (s, 6H), 2.00-1.88 (m, 1H), 1.86-1.73 (m, 3H), 1.70-1.44
(m, 3H); >C NMR (100 MHz, CDCls, ppm): & 143.2, 136.7, 129.2, 126.8, 62.6, 35.0,
26.1,21.3.

Liu, Y.; Du, H. J. Am. Chem. Soc. 2013, 135, 12968.
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Cis-2,6-bis(4-methoxyphenyl)piperidine (5¢): 0.0749 g, 63% yield, cis/trans = 99/1,
white solid; 'H NMR (400 MHz, CDCls, ppm): & 7.35 (d, J = 8.4 Hz, 4H), 6.84 (d, J =
8.4 Hz, 4H), 3.70-3.70 (m, 8H), 2.00-1.88 (m, 1H), 1.88-1.69 (m, 3H), 1.66-1.40 (m,
3H); *C NMR (100 MHz, CDCls, ppm): & 158.7, 138.3, 127.9, 113.8, 62.2, 55.4,
34.9, 26.0.

Liu, Y.; Du, H. J. Am. Chem. Soc. 2013, 135, 12968.
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Cis-2,6-bis(4-fluorophenyl)piperidine (5d): 0.0930 g, 85% vyield, cis/trans = 99/1,
white solid, m.p. 179-181 °C; IR (film): 3268, 1514, 1465 cm™; "H NMR (400 MHz,
CDCls, ppm): & 7.29-7.16 (m, 4H), 6.98-6.83 (m, 4H), 4.03-3.91 (m, 2H), 2.12-2.00
(m, 3H), 1.99-1.70 (m, 4H); *C NMR (100 MHz, CDCls, ppm): & 162.6 (d, Je.r =

247.0 Hz), 135.8 (d, Jer = 3.0 Hz), 129.0 (d, Jer = 9.0 Hz), 115.6 (d, Jer = 22.0 Hz),
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68.9, 35.1, 24.0; HRMS (ESI) calcd. for Cj;HsNF, [M+H]": 274.1402, Found:

274.1402.

oy

Cis-2,6-bis(3-methoxyphenyl)piperidine (5e): 0.0956 g, 80% yield, cis/trans = 99/1,
colorless oil; "H NMR (400 MHz, CDCl;, ppm): & 7.29-7.19 (m, 2H), 7.09-6.98 (m,
4H), 6.83-6.75 (m, 2H), 3.91-3.82 (m, 8H), 1.99-1.94 (m, 1H), 1.86-1.74 (m, 3H),
1.67-1.46 (m, 3H); °C NMR (100 MHz, CDCls, ppm): & 159.8, 147.8, 129.5, 119.4,
112.6, 112.5, 62.7, 55.4, 35.0, 26.0.

Liu, Y.; Du, H. J. Am. Chem. Soc. 2013, 135, 12968.
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Cis-2-(4-fluorophenyl)-6-(4-methoxyphenyl)piperidine (5f): 0.0500 g, 88% yield,
cis/trans = 97/3, colorless oil; 'H NMR (400 MHz, CDCls, ppm): & 7.50-7.27 (m, 4H),
7.04-6.95 (m, 2H), 6.88 (d, J = 8.4 Hz, 2H), 3.81-3.69 (m, 5H), 2.02-1.93 (m, 1H),
1.89-1.73 (m, 3H), 1.71-1.42 (m, 3H); °C NMR (100 MHz, CDCls, ppm): & 162.2 (d,
Jor = 243.0 Hz), 158.8, 141.8 (d, Jor = 2.0 Hz), 138.1, 128.3 (d, Jc.r = 8.0 Hz),
128.0, 115.2 (d, Jc.r=21.0 Hz), 113.9, 62.2, 62.1, 55.4, 35.1, 34.8, 25.9.

Liu, Y.; Du, H. J. Am. Chem. Soc. 2013, 135, 12968.
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Cis-2,6-di(furan-2-yl)piperidine (5g): 0.0635 g, 73% yield, cis/trans = 97/3,
colorless oil; '"H NMR (400 MHz, CDCls, ppm): & 7.37-7.28 (m, 2H), 6.32-6.25 (m,
2H), 6.20-6.14 (m, 2H), 3.94-3.85 (m, 2H), 2.21 (brs, 1H), 2.05-1.90 (m, 3H),
1.74-1.54 (m, 3H); *C NMR (100 MHz, CDCls, ppm): & 157.2, 141.4, 110.1, 104.6,
55.0,30.4, 24.5.

Liu, Y.; Du, H. J. Am. Chem. Soc. 2013, 135, 12968.

2,6-Di(thien-2-yl)piperidine (Sh): 0.0757 g, 76% yield, cis/trans = 95/5, white solid,
m.p. 55-62 °C; IR (film): 3304, 1593, 1438, 1289 cm™; 'H NMR (400 MHz, CDCls,
ppm): & 7.24-7.15 (m, 2H), 6.98 (d, J = 3.2 Hz, 2H), 6.96-6.92 (m, 2H), 4.17-4.10 (m,
2H), 2.08 (brs, 1H), 2.02-1.95 (m, 3H), 1.69-1.55 (m, 3H); >C NMR (100 MHz,
CDCls, ppm): 6 149.4, 126.5, 123.8, 123.0, 57.9, 35.4, 25.4; HRMS (ESI) calcd. for

C13H NS, [M+H]': 250.0724, Found: 250.0719.

Iz

Cis-2-methyl-6-phenylpiperidine (5i): 0.0567 g, 81% yield, cis/trans = 86/14,
colorless oil; "H NMR (400 MHz, CDCls, ppm): & 7.28 (d, J = 7.2 Hz, 2H), 7.26-7.18
(m, 2H), 7.18-7.10 (m, 1H), 3.64-3.49 (m, 1H), 2.80-2.65 (m, 1H), 1.84-1.72 (m, 1H),
1.70-1.52 (m, 3H), 1.48-1.30 (m, 2H), 1.13-1.04 (m, 1H), 1.02 (d, J = 6.4 Hz, 3H);

BC NMR (100 MHz, CDCls, ppm): & 145.7, 128.5, 127.1, 126.9, 62.6, 53.3, 34.4,
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34.0,25.5,23.2.

Liu, Y.; Du, H. J. Am. Chem. Soc. 2013, 135, 12968.
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Cis-2-methyl-6-(naphthalen-2-yl)piperidine (5j): 0.0721 g, 80% yield, cis/trans =
99/1, white solid; '"H NMR (400 MHz, CDCls, ppm): & 7.85-7.73 (m, 4H), 7.52-7.46
(m, 1H), 7.46-7.37 (m, 2H), 3.86-3.73 (m, 1H), 2.90-2.74 (m, 1H), 1.97-1.75 (m, 2H),
1.74-1.61 (m, 2H), 1.60-1.43 (m, 2H), 1.28-1.16 (m, 1H), 1.13 (d, J = 6.4 Hz, 3H);
C NMR (100 MHz, CDCls, ppm): & 143.2, 133.7, 132.9, 128.0, 127.9, 127.7, 126.0,
125.7, 125.6, 124.9, 62.7, 53.4, 34.6, 34.0, 25.6, 23 .4.

Liu, Y.; Du, H. J. Am. Chem. Soc. 2013, 135, 12968.
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Cis-2-[(1,1'-biphenyl)-4-yl]-6-methylpiperidine (5k): 0.0885 g, 88% yield, cis/trans
= 99/1, colorless oil; 'H NMR (400 MHz, CDCls, ppm): & 7.62-7.50 (m, 4H),
7.48-7.37 (m, 4H), 7.36-7.27 (m, 1H), 3.76-3.63 (m, 1H), 2.89-2.75 (m, 1H),
1.95-1.86 (m, 1H), 1.83-1.74 (m, 1H), 1.70-1.63 (m, 1H), 1.62-1.42 (m, 3H),
1.26-1.14 (m, 1H), 1.13 (d, J = 6.4 Hz, 3H); °C NMR (100 MHz, CDCls, ppm): &
144.8, 141.2, 140.0, 128.8, 127.3, 127.2, 127.1, 62.3, 53.3, 34.5, 34.0, 25.5, 23.3.

Liu, Y.; Du, H. J. Am. Chem. Soc. 2013, 135, 12968.
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Cis-2-(4-methoxyphenyl)-6-methylpiperidine (51): 0.0460 g, 56% yield, cis/trans =
99/1, colorless oil; "H NMR (400 MHz, CDCls, ppm): & 7.29 (d, J = 8.4 Hz, 2H), 6.85
(d, J=8.4 Hz, 2H), 3.79 (s, 3H), 3.67-3.57 (m, 1H), 2.91-2.69 (m, 1H), 1.92-1.81 (m,
1H), 1.79-1.56 (m, 3H), 1.56-1.34 (m, 2H), 1.30-1.10 (m, 1H), 1.10 (d, J = 6.4 Hz,
3H); °C NMR (100 MHz, CDCls, ppm): & 158.8, 138.0, 128.0, 113.9, 62.0, 55.5,
53.4,34.4,34.0,25.6, 23.3.

Liu, Y.; Du, H. J. Am. Chem. Soc. 2013, 135, 12968.
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Cis-2-methyl-6-[4-(trifluoromethyl)phenyl]piperidine (5Sm): 0.0797 g, 82% yield,
cis/trans = 86/14, colorless oil; '"H NMR (400 MHz, CDCls, ppm): & 7.56 (d, J = 8.4
Hz, 2H), 7.49 (d, J = 8.4 Hz, 2H), 3.78-3.66 (m, 1H), 2.89-2.73 (m, 1H), 1.93-1.83 (m,
1H), 1.81-1.70 (m, 1H), 1.70-1.61 (m, 1H), 1.60-1.33 (m, 3H), 1.31-1.12 (m, 1H),
1.12 (d, Je.r = 6.2 Hz, 3H); °C NMR (100 MHz, CDCl3, ppm): & 149.8, 129.4 (q, Je.r
=32.0 Hz), 127.2, 125.5 (q, Jc.r = 4.0 Hz), 123.1, 62.3, 53.2, 34.7, 33.9, 25.5, 23.2.

Liu, Y.; Du, H. J. Am. Chem. Soc. 2013, 135, 12968.
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Cis-2,6-bis[(p-tolyloxy)methyl]piperidine (S5n): 0.1044 g, 80% yield, cis/trans =
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99/1, white solid; "H NMR (400 MHz, CDCls, ppm): 6 7.06 (d, J = 8.4 Hz, 4H), 6.81
(d, J = 8.4 Hz, 4H), 3.94-3.85 (m, 2H), 3.84-3.75 (m, 2H), 3.12-2.99 (m, 2H), 2.64
(brs, 1H), 2.27 (s, 6H), 1.93-1.83 (m, 1H), 1.77-1.63 (m, 2H), 1.56-1.39 (m, 1H),
1.30-1.13 (m, 2H); *C NMR (100 MHz, CDCls, ppm): & 157.0, 130.2, 130.0, 114.7,
73.0, 55.6, 28.7, 24.0, 20.7.

Liu, Y.; Du, H. J. Am. Chem. Soc. 2013, 135, 12968.
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2-(Naphthalen-2-yl)piperidine (50): 0.0372 g, 44% yield, white solid, m.p. 42-44 °C;
IR (film): 3321, 1633, 1601, 1440, 1316, 1107 cm™; '"H NMR (400 MHz, CDCls,
ppm): 6 7.90-7.75 (m, 4H), 7.53-7.48 (m, 1H), 7.48-7.42 (m, 2H) 3.83-3.69 (m, 1H),
3.33-3.20 (m, 1H), 2.93-2.79 (m, 1H), 2.00-1.82 (m, 3H), 1.78-1.68 (m, 1H),
1.70-1.50 (m, 3H); °C NMR (100 MHz, CDCls, ppm): & 143.3, 133.8, 133.0, 128.2,
128.1, 127.8, 126.1, 125.7, 124.9, 62.6, 48.1, 35.3, 26.2, 25.7.

Liu, Y.; Du, H. J. Am. Chem. Soc. 2013, 135, 12968.
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Ethyl 2-phenylpiperidine-3-carboxylate (5p): 0.0411 g, 44% yield, cis/trans =
67/33, yellow oil; IR (film): 3359, 1724, 1655, 1633, 1175 cm™'; "H NMR (400 MHz,

CDCls, ppm): & 7.48-7.15 (m, 5H), 4.04-3.69 (m, 3H), 3.39-3.23 (m, 0.67H) (cis

S9



isomer), 3.23-3.13 (m, 0.33H) (trans isomer), 3.04-2.56 (m, 3H), 2.22-2.04 (m, 1H),
2.00-1.45 (m, 3H), 1.02-0.86 (m, 3H); >°C NMR (100 MHz, CDCls, ppm): & 173.7,
142.2,128.5, 128.2, 127.9, 127.8, 126.9, 126.2, 64.3, 61.2, 60.1, 59.9, 50.5, 47.2, 47.1,
44.6, 28.9, 28.0, 25.1, 22.1, 14.1; HRMS (ESI) calcd. for Ci4HaNO, [M+H]":

234.1494, Found: 234.1486.
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Ethyl 2-(4-methoxyphenyl)piperidine-3-carboxylate (5q): 0.0558 g, 53% yield,
cis/trans = 70/30, yellow oil; IR (film): 3322, 1720, 1514, 1247, 1177 cm™"; '"H NMR
(400 MHz, CDCl3, ppm): & 7.39-7.10 (m, 2H), 6.96-6.74 (m, 2H), 3.98-3.82 (m, 3H),
3.77 (s, 3H), 3.40-3.21 (m, 0.7H) (cis isomer), 3.21-3.09 (m, 0.3H) (trans isomer),
2.99-2.55 (m, 3H), 2.26-1.60 (m, 4H), 1.59-1.43 (m, 1H), 1.12-0.90 (m, 3H); “*C
NMR (100 MHz, CDCls, ppm): & 173.8, 158.5, 134.4, 128.9, 127.3, 113.8, 113.6,
63.5, 60.7, 60.1, 59.9, 55.4, 50.5, 47.2, 47.1, 44.6, 29.0, 27.8, 25.0, 22.1, 14.2; HRMS

(ESI) calcd. for C1sH2,NO; [M+H]+: 264.1600, Found: 264.1594.
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3.811
3.782
3.7178
1.986
1.978
1.970
1.963
1.954
1.947
1.939
1.836
1.830
1.805
1.799
1.671
1.662
1.639
1.630
1.622
1.607
1.599
1.591
1.564
1.556

NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

DS

SWH
FIDRES

zqw001
97

1

20151223

3.05

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 f1l ====

400.1320007
1H

12.60

65536
400.1300102
EM

0

0.50

0

1.00

Hz

S19



NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS
DS
SWH
_ _ FIDRES
AQ

SRS g
H DW
DE

5e D1

—159.84
—147.80
—129.45
—119.35
112.60
112.45
—55.42
—34.96
—26.00

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

zgqw—C2
2

1
20151223

3.38

spect

5 mm PADUL 13C
zgpg30

32768

cDCl13

300

0

25252.525
0.770646
0.6488564

161

19.800

6.50

300.0
2.00000000
0.03000000

CHANNEL fl ====

100.6228298
13C

9.40

32768
100.6127487
EM

0

1.00

0

1.40

Hz

S20



NAME zhanglangiong

MM~ MOE OO M o™ OISO NOOEMOA AN WML A O EXPNO 3
LI ITONONDO O R O ®© PO W™ OO YWY WO O PROCNO 1

. . . R . coc e . . Date_ 20150415
N R SR teRet NN A A A A A Time 10.40

/= AR TS oz spect

PROBHD 5 mm PADUL 13C

PULPROG zg30
D 32768
SOLVENT CDC13
NS 16
DS 0
SWH 12019.230 Hz
FIDRES 0.366798 Hz
AQ 1.3631988 sec
N RG 80.6
H DW 41.600 usec
\ DE 6.50 usec
F 0 TE 295.8 K
D1 2.00000000 sec
5f TDO 1
======== CHANNEL fl ========
SFO1 400.1320007 MHz
NUC1 1H
Pl 12.60 usec
SI 65536
SF 400.1300099 MHz
WDW EM
SSB 0
LB 0.50 Hz
GB 0
PC 1.00

1 ppm

1.08 =™

EE

S21



™M O N OOWMN O™ WL

N 0O 0O ST N O w oM ~ w0 r~ ™~

M Ow oo~ s m LA T e

338 333399353 IR 388 RS

N NTNY NS NV V|

VT
I
F 5 o~

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

NAME zhanglangiong

EXPNO 4
PROCNO 1
Date_ 20150415
Time 10.36
INSTRUM spect
PROBHD 5 mm PADUL 13C
PULPROG zgpg30
TD 32768
SOLVENT CDC13
NS 88
DS 0
SWH 25252.525
FIDRES 0.770646
AQ 0.6488564
RG 203
DW 19.800
DE 6.50
TE 295.6
D1 2.00000000
D11 0.03000000
TDO 1
======== CHANNEL fl ====
SFO1 100.6228298
NUC1 13C
Pl 9.40
SI 32768
SF 100.6127525
WDW EM
SSB 0
LB 1.00
GB 0
PC 1.40

Hz

S22



_—7.315

NAME
O WM™ S EXPNO
o> TN O
[~ © WO WYY INn LW PROCNO
Date_
1‘1‘1_11_1_1

———\\ =" TG TROM

PROBHD
PULPROG
TD
SOLVENT
NS

DS

SWH
FIDRES

6.171
6.165

6.284
6.280

[foNe)]
o~
[e)ee}
[SoNep}

T~7.260

A
X

(3]
g
w
N -
-

ppm

—
0.06

9.0 —
2.00 -

B

zhanglangiong
2

1

20150325

0.37

spect

5 mm PADUL 13C
zg30

32768

CDC13

16

0
12019.230
0.366798
1.3631988
45.2
41.600
6.50

294.9
2.00000000

CHANNEL f1l ====

400.1320007
1H

12.60

65536
400.1300099
EM

0

0.50

0

1.00

Hz

S23
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R S < 235 o
o - ! ~ o 10 o <
— — — 0~~~ [fe] ™M N
I | | NS ||
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180 160 140 120 100 80 60 40 20 ppm

NAME zhanglangiong
EXPNO 1
PROCNO 1
Date_ 20150325
Time 0.38
INSTRUM spect
PROBHD 5 mm PADUL 13C
PULPROG zgpg30
TD 32768
SOLVENT CDC13
NS 110
DS 0
SWH 25252.525
FIDRES 0.770646
AQ 0.6488564
RG 203
DW 19.800
DE 6.50
TE 295.0
D1 2.00000000
D11 0.03000000
TDO 1
======== CHANNEL f1l ====
SFO1 100.6228298
NUC1 13C
Pl 9.40
SI 32768
SF 100.6127610
WDW EM
SSB 0
LB 1.00
GB 0
PC 1.40

Hz

S24



7.254
7.189
7.186
7.176
7.174
6.987
6.979
6.950
6.941
6.938
6.929

NAME
EXPNO
PROCNO
N . Date_
Time
N N\ \ INSTROM
PROBHD
PULPROG
TD
SOLVENT
NS
DS
SWH
FIDRES

4.150
4.145
4.124
1.984
1.966
1.952
1.640
1.628
1.618
1.593
1.585

5h

zqw001
104

1

20160106

8.29

spect

5 mm PADUL 13C
zg30

32768

CDC13

10

0
12019.230
0.366798
1.3631988
203

41.600
6.50

300.0
2.00000000

CHANNEL f1l ====

400.1320007
1H

12.60

65536
400.1300123
EM

0

0.50

0

1.00

Hz

S25



NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

DS

SWH
FIDRES
AQ

RG

DwW

DE

—149.39
_-126.51
Z-123.79
™ 122.99

77.54

77.23

76.91
—57.86
—35.44
—25.40

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

zgqw—C2

6

1

20160106
8.30

spect

5 mm PADUL 13C
zgpg30
32768
cDCl13

67

0
25252.525
0.770646
0.6488564
161

19.800
6.50

300.0
2.00000000
0.03000000

CHANNEL fl ====

100.6228298
13C

9.40

32768
100.6127495
EM

0

1.00

0

1.40

Hz

S26



7.292
7.274
7.232
7.214
7.195
7.155
7.151
7.148
7.139
7.133
7.128
7.115

NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

DS

SWH
FIDRES

(]
[ee]
O
—

Iz
=1
st

5i N

3 2 1 ppm

26 EERE

~
(=]
(3]
-

012 -

()0
2?&1 j
ailail+~

zgqw001
181

1
20160721
16.27
spect

5 mm PADUL 13C
zg30
65536
CDC13

16

2

8012.820
0.122266
4.0894966
45.2
62.400
6.50

296.9
1.00000000

CHANNEL f1l ====

400.1324710
1H

12.60

65536
400.1300552
EM

0

0.30

0

1.00

Hz

S27



—145.66

128.47
127.10
126.85

/
~

Iz

5i

77.55
77.23
76.91

—62.62

—53.32

_~34.41

~33.99

—25.53
T—23.22

NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

DS

SWH
FIDRES
AQ

RG

DwW

DE

180

T
160

T
140

T
120

100

]0

(4]

40

20 nnm

zgqw—C2

29

1

20160721
16.30
spect

5 mm PADUL 13C
zgpg30
32768
cDC13

38

0
25252.525
0.770646
0.6488564
161

19.800
6.50

297.0
2.00000000
0.03000000

CHANNEL fl ====

100.6228298
13C

9.40

32768
100.6127595
EM

0

1.00

0

1.40

Hz

S28



NAME ZYyy

7.809

CH OO NT A O AT NOS A OONOAATOS ADNORNONO O™ ®N N ™ EXPNO 13
VOO NANNAOONOOOEMONNTNS TN AAT OO T O N I N

. . . Date 20160326
O R R R A LI o M e i M S O S S O QO G - 11.29

e N i e N

PROBHD 5 mm PADUL 13C

PULPROG zg30
D 32768
SOLVENT CDC13
NS 16
DS 0
SWH 12019.230 Hz
FIDRES 0.366798 Hz
AQ 1.3631988 sec
RG 50.8
DW 41.600 usec
N DE 6.50 usec
H TE 295.5 K
D1 2.00000000 sec
TDO 1
5j ======== CHANNEL fl ========
J SFOL 400.1320007 MHz
NUC1 1H
Pl 12.60 usec
SI 65536
SE 400.1300308 MHz
WDW EM
SSB 0
LB 0.50 Hz
GB 0
PC 1.00

9 8 7 6 5 4 3 2 1 ppm

LEH I

S29



NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

DS

SWH
FIDRES
AQ

RG

DwW

DE

N TE
H D1
D11

27.99

143.22
133.69
132.92
128.04
127.73
126.00
125.74
125.57
124.87
77.55

77.23

76.91

—

NN N\

—62.68
—53.39
_~34.59
34,04
_—25.60
~~23.29

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

zgqw—C2

14

1

20160326
11.34
spect

5 mm PADUL 13C
zgpg30
32768
cDC13

26

0
25252.525
0.770646
0.6488564
128

19.800
6.50

295.8
2.00000000
0.03000000

CHANNEL fl ====

100.6228298
13C

9.40

32768
100.6127587
EM

0

1.00

0

1.40

Hz

S30



NAME zhanglangiong3

POV ANONTTOAONNNE AVOVOOANWOWANOI~OMINOMID HMNN O N EXPNO 331
OO MNMOMNHNANOITNOLT AT N ANANTATOOOTONOME OS> OSTDFITNANOM A
OWOWIIO S S SO MO N~ O 00 0 MW ™ ® MO~ WOWOWOOLWIOWWOLW < o PROCNO 3
SN SN MMONNNNNNN A A A A A A A o o o o o o o o o WM%MI moummwuw
T — e — INSTRUM spect
PROBHD 5 mm PADUL 13C
PULPROG 230
TD 32768
SOLVENT CDC13
NS 16
DS 0
SWH 12019.230 Hz
FIDRES 0.366798 Hz
AQ 1.3631988 sec
RG 36

I=z

DW 41.600 usec
DE 6.50 usec
TE 300.0 K
D1 2.00000000 sec
TDO 1
5k ======== CHANNEL fl ========

SFO1 400.1320007 MHz
NUC1 1H

Pl 12.60 usec
ST 65536

SF 400.1300164 MHz
WDW EM

SSB 0

LB 0.50 Hz
GB 0

PC 1.00

S31



NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

DS

SWH
FIDRES
AQ

RG

DwW

DE

TE

D1

5k D11
TDO

144.79
7 -141.17
~~140.03
128.84
127.29
127.22
127.18
77.55
77.23
76.91
—62.29
—53.32
_~34.45
=~33.98
_—25.53
~~-23.26

I=

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

zhanglangiong3
333

1

20150109
1.23

spect

5 mm PADUL 13C
zgpg30
32768
CDC13

149

0
25252.525
0.770646
0.6488564
203

19.800
6.50

300.0
2.00000000
0.03000000

CHANNEL fl ====

100.6228298
13C

9.40

32768
100.6127633
EM

0

1.00

0

1.40

Hz

S32



I=

NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

DS

SWH
FIDRES

zqw001
103

1

20160106

8.24

spect

5 mm PADUL 13C
zg30

32768

CDC13

16

0
12019.230
0.366798
1.3631988
101

41.600
6.50

300.0
2.00000000

CHANNEL f1l ====

400.1320007
1H

12.60

65536
400.1300100
EM

0

0.50

0

1.00

Hz

S33



NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
D
SOLVENT
NS
DS
SWH
FIDRES
AQ
RG
DW

O\\ DE
51 1=

—158.75
—138.01
—127.95
—113.86
77.55
77.23
76.91
—62.03
_—55.45
~~53.44
J/~34.44
~34.03
_—25.58
~~23.27

I=

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

zgqw—C2

5

1

20160106
8.27

spect

5 mm PADUL 13C
zgpg30
32768
cDCl13

44

0
25252.525
0.770646
0.6488564
161

19.800
6.50

300.0
2.00000000
0.03000000

CHANNEL fl ====

100.6228298
13C

9.40

32768
100.6127510
EM

0

1.00

0

1.40

Hz

S34



NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

DS

SWH
FIDRES

™~
—
4
1

1 407
1.384
1.375
1.172
1.162
1.144
1.128
1.112

I=z
g
=

CF3 TE

5m

s S b mehede

zhanglangiong3
328

1

20150107

1.59

spect

5 mm PADUL 13C
zg30

32768

CDC13

7

0
12019.230
0.366798
1.3631988
203

41.600
6.50

300.0
2.00000000

CHANNEL f1l ====

400.1320007
1H

12.60

65536
400.1300103
EM

0

0.50

0
1.00

Hz

S35



129.88
129.56
129.24
128.92
127.24

_~149.82

/
|

.

125.52
125.48
125.45
125.41
123.13

Iz

5m

—53.24

_~34.70

™~33.91

—25.45

NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

DS

SWH
FIDRES
AQ

RG

DwW

DE

—™23.25

_
180

_
160

_
140

_
120

_
100

80

zgqw—C2

31

1

20160722
1.33

spect

5 mm PADUL 13C
zgpg30
32768
cDCl13

7470

0
25252.525
0.770646
0.6488564
161

19.800
6.50

298.6
2.00000000
0.03000000

CHANNEL fl ====

100.6228298
13C

9.40

32768
100.6127479
EM

0

1.00

0

1.40

Hz

S36



NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

DS

SWH
FIDRES

6.986
6.965
6.731
6.710
3.833
3.823
3.810
3.800
3.738
3.716
3.694
3.005
2.998
2.990
2.984
2.977
2.969
2.962
2.956
2.950
2.942
2.188
1.845
1.838
1.830
1.811
1.805
1.798
1.631
1.625
1.600
1.594
1.411

é
§

Iz
g
=

~
(=]
o1 4
=
w
N
-

ppm

zqw001
182

1
20160722
1.19
spect

5 mm PADUL 13C
zg30
65536
CDC13

16

2

8012.820
0.122266
4.0894966
128

62.400
6.50

298.0
1.00000000

CHANNEL f1l ====

400.1324710
1H

12.60

65536
400.1300502
EM

0

0.30

0

1.00

Hz

S37
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180 160 140 120 100 80 60 40 20 ppm

Current Data Parameters

NAME zqw—C
EXPNO 30
PROCNO 1

F2 - Acquisition Parameters
Date_ 20160721

Time 10.22
INSTRUM spect
PROBHD 5 mm PADUL 13C
PULPROG zgpg30

TD 32768
SOLVENT CDC13

NS 78

DS 0

SWH 25252.525 Hz
FIDRES 0.770646 Hz
AQ 0.6488064 sec
RG 161

DW 19.800 usec
DE 6.50 usec
TE 298.4 K

D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL fl ========
SFOl 100.6228298 MHz
NUC1 13C

Pl 9.40 usec
PLW1 43.6389999%94 W
======== CHANNEL f2 ========
SFO2 400.1316005 MHz
Nuc2 1H
CPDPRG[2 waltzl6
PCPD2 90.00 usec
PLW2 13.06000042 W
PLW12 0.25598001 W
PLW13 0.20734000 W

F2 - Processing parameters
sI 32768

SF 100.6127517 MHz
WDW EM

SSB 0

LB 1.00 Hz
GB 0

PC 1.40

S38



NAME zqw001

AN OAND ADNANT AONDNOAOCNHAITIMNDNNOOOOSMO S WO WS EXPNO 179
N T ON A 1NNV OO NOLILIITNOOOONDTTITN A AOTTDNANANH O™ OO

D®OEEDEVOIITIITTIITELECNNNRDODRAN NN RGN DWW NDNNN PROCNO 1
. L . Date 20160716

e N e

PROBHD 5 mm PADUL 13C

PULPROG zg30
D 65536
SOLVENT CDC13
NS 16
DS 2
SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894966 sec

N RG 128

H DW 62.400 usec
DE 6.50 usec
TE 296.7 K
D1 1.00000000 sec

50 TDO 1
======== CHANNEL fl ========
SFO1 400.1324710 MHz
NUC1 1H
Pl 12.60 usec
ST 65536
SF 400.1300101 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00

1
T T T T T T T T T T
9 8 7 6 5 4 3 2 1 ppm

(=1
mlo

3 L

S39



143.33
133.76
33.02
128.16
28.08
127.83

— —

NN

126.14
125.71

124.94

I=z

50

77.62
77.30
76.98
—62.62

—48.10

—35.32
_-26.20

25,74

NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

DS

SWH
FIDRES
AQ

RG

DwW

DE

_
180

_
160

_
140

_
120

_
100

80 60

zgqw—C2

27

1

20160716
20.17
spect

5 mm PADUL 13C
zgpg30
32768
cDC13

232

0
25252.525
0.770646
0.6488564
161

19.800
6.50

297.3
2.00000000
0.03000000

CHANNEL fl ====

100.6228298
13C

9.40

32768
100.6127465
EM

0

1.00

0

1.40

Hz

S40



S41

NAME zqw001
SO OONOENOTNOTNNS AN NTONOD AN AN A AON OSSO TONM EXPNO @HHM
OO dONNPEOOITETOOODNODITFTNNOOOSIOITNOOMOTNDSOMN
N GVGY GO 00 0000 O I~I~MMMMOS SO 0 W W A AN ®® ™I~ PROCNO 1
SN OOMOOMMNMOOMNMNMOMNMONNNNNNNNNNNAAAAAAAAAAOO OO WM%MI moummwmm
T N it
PROBHD 5 mm PADUL 13C
PULPROG zg30
TD 32768
SOLVENT CDC13
NS 16
DS 0
SWH 12019.230 Hz
CO,Et FIDRES 0.366798 Hz
AQ 1.3631988 sec
RG 80.6
N DW 41.600 usec
H DE 6.50 usec
TE 295.9 K
D1 2.00000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 400.1320007 MHz
NUCL 1H
Pl 12.60 usec
ST 65536
SE 400.1300061 MHz
WDW EM
SSB 0
LB 0.50 Hz
GB 0
PC 1.00
T
4 ppm



NAME
N Oy ™~ EXPNO
Hee PROCNO
524 Umﬁml
9h21

173.70
128.46
128.24
127.89
127.80
126.87
126.17

Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

DS

SWH

CO,Et FIDRES
AQ
Y, :
DW

DE

_—142.23

§
£
£

Iz
=}
=

Sp D11

_ ; _ ; _ ; _ _ _ _ " " _ _ _
180 160 140 120 100 80 60 40 20 ppm

zqw—C

10

1

20160326
2.57

spect

5 mm PADUL 13C
zgpg30
32768
CDC13

105

0
25252.525
0.770646
0.6488564
161

19.800
6.50

296.6
2.00000000
0.03000000

CHANNEL fl ====

100.6228298
13C

9.40

32768
100.6127534
EM

0

1.00

0

1.40

Hz

S42



a—"—"

NOESY
ZQW-2
COCI3
20160409 -

F1 [ppm]

F2 [ppm]

543



3.918
3.911
3.775
3.333
3.300
2.925
2.816
2.788
2.614
2.160
2.128
2.091
2.064
1.934
1.923
1.913
1.888
1.852

o
N
8
l

//////X/X\\

1 733
1.703
1.517

[Te}
feo)
4
1

1 021

CO,Et

Iz

NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

DS

SWH
FIDRES

zqw001
111

1

20160326

2.39

spect

5 mm PADUL 13C
zg30

32768

CDC13

16

0
12019.230
0.366798
1.3631988
80.6
41.600
6.50

295.7
2.00000000

CHANNEL f1l ====

400.1320007
1H

12.60

65536
400.1300041
EM

0

0.50

0
1.00

Hz

S44



NAME
© EXPNO
- PROCNO
< Date_
i Time
\\“V\_\ INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS
DS
SWH
FIDRES
COoEt AQ
RG
DW
DE

—173.78
—158.50
113.80
113.61

—134.44
_—128.92
™~127.27

Iz
=}
=

5q TDO

_ ; _ ; _ ; _ _ _ _ " " _ _ _
180 160 140 120 100 80 60 40 20 ppm

zqw—C

9

1

20160326
2.46

spect

5 mm PADUL 13C
zgpg30
32768
CDC13

108

0
25252.525
0.770646
0.6488564
161
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