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I. General information:

All reagents were purchased from commercial sources and used without further treatment, unless
otherwise indicated. The products were purified by column chromatography over silica gel. *H
NMR and *C NMR spectra were recorded at 25 € on a Varian 500 MHz and 125 MHz,
respectively, with TMS as the internal standard. Melting points were obtained with a micro
melting point XT4A Beijing Keyi electrooptic apparatus and are uncorrected. High resolution
mass spectra were recorded on Bruck microtof. All reactions were monitored by TLC with
Taizhou GF254 silica gel coated plates. Flash column chromatography was carried out using
200-300 mesh silica gel at increased pressure.

I1. General procedure for the construction of y-lactams (2a as an example):

0O O 0 o
DABCO (0.2 e
N,Ph + /\CN #)’
H CH,CN NG N-Ph

(o]
1a 60 °C 2a

To a solution of 1a (203 mg, 1.0 mmol) and DABCO (44 mg, 0.2 mmol) in CH3;CN (2.0 mL) was
added acrylonitrile (0.08 mL, 1.1 mmol) in a 25 mL flask. The reaction mixture was stirred at 60
<€ for 6 h, cooled down to room temperature, poured into brine and extracted with EtOAc. The
combined organic phase was washed with water (3 < 10 mL), dried over anhydrous MgSOQs,,
filtered and concentrated under reduced pressure. The crude product was purified by column
chromatography (petroleum ether/diethyl ether) to afford the desired product 2a (238 mg, 93%).
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I11. Characterization of the products

3-(3-acetyl-2-oxo-1-phenylpyrrolidin-3-yl)propanenitrile (2a)

o (0]
e 0O

2a
Colorless crystals. m.p. 86-88 €.*H NMR (500 MHz, CDCl,): § = 2.00-2.06 (m, 1H), 2.34 (s,
3H), 2.35-2.46 (m, 4H), 2.77-2.82 (m, 1H), 3.81-3.89 (m, 2H), 7.20-7.23 (t, J = 7.5 Hz, 1H),
7.39-7.42 (t, J = 7.5 Hz, 2H), 7.60-7.61 (d, J = 8.0 Hz, 2H). *C NMR (125 MHz, CDCl5): d =

13.0, 26.1, 26.1, 29.6, 29.8, 45.8, 62.7, 118.8, 120.0, 125.4, 129.0, 138.5, 170.4, 203.5. HRMS
(ESI-TOF): Calc for Cy5H16N,O, [M+H]: 257.1290; found: 257.1290.

3-(3-acetyl-2-0xo-1-(p-tolyl)pyrrolidin-3-yl)propanenitrile (2b)

82,
%N
NC
2b

White solid. m.p. 91-93 €. *H NMR (500 MHz, CDCl3): 6 = 1.98-2.04 (m, 1H), 2.14 (s, 3H),
2.30-2.46 (m, 10H), 2.74-2.79 (m, 1H), 3.77-3.87 (m, 2H), 7.18-7.20 (d, J = 85 Hz, 2H),
7.46-7.47 (d, J = 8.5 Hz, 2H). **C NMR (125 MHz, CDCl,): § = 13.0, 20.9, 26.1, 26.2, 29.8, 30.9,
46.0, 62.6, 118.9, 120.0, 129.5, 135.3, 136.0, 170.2, 203.7. HRMS (ESI-TOF): Calc for
C16H15N,0, [M+H]: 271.1447; found: 271.1453.

3-(3-acetyl-1-(4-methoxyphenyl)-2-oxopyrrolidin-3-yl)propanenitrile (2¢)

0 o
o\
N
NC o

Colorless crystals. '"H NMR (500 MHz, CDCly): § = 2.00-2.04 (m, 1H), 2.33 (s, 3H), 2.34-2.39 (m,
2H), 2.42-2.46 (m, 4H), 2.74-2.79 (m, 1H), 3.77-3.84 (m, 5H), 6.91-6.93 (m, 2H), 7.48-7.50 (m,
2H). BC NMR (125 MHz, CDCl,): 6 = 13.0, 26.1, 26.2, 29.8, 46.2, 55.4, 62.4, 114.1, 118.9, 121.8,
131.6, 157.1, 170.0, 203.8. HRMS (ESI-TOF): Calc for CygHgN,O3 [M+H]: 287.1396; found:
287.1391.

3-(3-acetyl-1-(2,4-dimethylphenyl)-2-oxopyrrolidin-3-yl)propanenitrile (2d)

SRe
ﬁ@

White solid. m.p. 74-76 €. *H NMR (500 MHz, CDCly): § = 2.05-2.11 (m, 1H), 2.14 (s, 3H), 2.32
(s, 3H), 2.33-2.45 (M, 5H), 2.46-2.50 (m, 2H), 2.74-2.79 (m, 1H), 3.60-3.65 (M, 1H), 3.68-3.73 (m,
1H), 6.98-6.99 (d, J = 8.0 Hz, 1H), 7.04-7.05 (d, J = 8.5 Hz, 1H), 7.09 (s, 1H). *C NMR (125
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MHz, CDCly): 6 =12.9, 17.6, 20.9, 26.1, 27.1, 29.6, 47.7, 61.3, 118.9, 126.0, 127.6, 131.8, 133.7,
134.7, 138.2, 170.4, 204.0. HRMS (ESI-TOF): Calc for Cy7H»oN,0, [M+H]: 285.1603; found:
285.1607.

3-(3-acetyl-1-(2-chlorophenyl)-2-oxopyrrolidin-3-yl)propanenitrile (2e)

O o0
%N
NG Cl
2e

White solid. m.p. 77-79 €. 'H NMR (500 MHz, CDCly): § = 2.09-2.14 (m, 1H), 2.33-2.42 (m,
5H), 2.45-2.50 (m, 2H), 2.78-2.83 (m, 1H), 3.68-3.72 (m, 1H), 3.75-3.80 (m, 1H), 7.25-7.27 (m,
1H), 7.30-7.35 (m, 2H), 7.47-7.49 (m, 1H). *C NMR (125 MHz, CDCly): 6 = 12.9, 26.2, 27.3,
29.5, 47.0, 61.0, 119.0, 128.0, 129.1, 129.8, 130.5, 132.0, 135.1, 171.2, 203.7. HRMS (ESI-TOF):
Calc for C15H15CIN,O, [M+H]: 291.0900; found: 291.0984.

3-(3-acetyl-1-(4-chlorophenyl)-2-oxopyrrolidin-3-yl)propanenitrile (2f)

Cl
¥V
ae,
NC of
White solid. m.p. 119-121 €. *H NMR (500 MHz, CDCls): § = 2.00-2.06 (m, 1H), 2.33 (s, 3H),
2.34-2.45 (m, 4H), 2.79-2.83 (m, 1H), 3.77-3.85 (m, 2H), 7.35-7.37 (d, J = 8.5 Hz, 2H), 7.56-7.58
(t, J = 9.5 Hz, 2H). *C NMR (125 MHz, CDCl,): 6 = 13.0, 25.9, 26.1, 29.8, 45.8, 62.7, 118.7,

121.0, 129.0, 130.6, 137.1, 170.4, 203.3. HRMS (ESI-TOF): Calc for C;5H;5CIN,O, [M+H]:
291.0900; found: 291.0905.

3-(3-acetyl-1-(5-chloro-2-methoxyphenyl)-2-oxopyrrolidin-3-yl)propanenitrile (2g)

MeO
at e

N

2g

White solid. m.p. 55-57 €. *H NMR (500 MHz, CDCly): § = 2.05-2.11 (m, 1H), 2.26-2.38 (m,
5H), 2.43-2.56 (M, 2H), 2.70-2.75 (m, 1H), 3.66-3.74 (m, 2H), 3.82 (s, 3H), 6.90-6.92 (d, J = 8.5
Hz, 1H), 7.22-7.22 (d, J = 2.5 Hz, 2H), 7.27-7.30 (m, 1H). *C NMR (125 MHz, CDCl,): 6 = 12.8,
26.1, 27.4, 29.4, 46.9, 55.9, 60.8, 113.0, 119.1, 125.4, 127.0, 128.4, 129.1, 153.3, 171.6, 203.9.
HRMS (ESI-TOF): Calc for C;gH17CIN,O3 [M+H]: 321.1006; found: 321.1010.

3-(3-acetyl-1-(2-nitrophenyl)-2-oxopyrrolidin-3-yl)propanenitrile (2h)

O o
}&/N
2h
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Colorless oil. 'H NMR (500 MHz, CDCls): § = 2.15-2.19 (m, 1H), 2.31-2.45 (m, 7H), 2.86-2.91
(m, 1H), 3.82-3.86 (m, 1H), 3.89-3.94 (m, 1H), 7.35-7.36 (m, 1H), 7.47-7.51 (m, 1H), 7.67-7.71
(m, 1H), 8.00-8.02 (m, 1H). **C NMR (125 MHz, CDCls): § = 12.8, 26.1, 27.0, 29.2, 30.9, 47.2,
61.4, 118.8, 125.6, 127.0, 128.3, 131.1, 134.0, 145.3, 171.0, 203.0. HRMS (ESI-TOF): Calc for
C1sH15N304 [M+H]: 302.1141; found: 302.1147.

3-(3-acetyl-1-(naphthalen-1-yl)-2-oxopyrrolidin-3-yl)propanenitrile (2i)
O o
e
NC
2i

Colorless oil. 'H NMR (500 MHz, CDCly): § = 2.19-2.25 (m, 1H), 2.41-2.60 (m, 7H), 2.87-2.92
(m, 1H), 3.75-3.78 (m, 1H), 3.79-3.91 (m, 1H), 7.33-7.35 (d, J = 7.0 Hz, 1H), 7.49-7.60 (m, 4H),
7.86-7.92 (m, 2H). *C NMR (125 MHz, CDCl): § = 13.1, 26.3, 27.4, 29.8, 48.8, 61.7, 118.9,
121.8, 124.7, 1256, 126.6, 127.1, 128.7, 129.0, 129.3, 134.3, 134.5, 171.5, 204.2. HRMS
(ESI-TOF): Calc for C19H15N,0, [M+H]: 307.1447; found: 307.1446.

3-(3-acetyl-2-oxo-1-(pyridin-2-yl)pyrrolidin-3-yl)propanenitrile (2j)

N

NC
2j

White solid. m.p. 83-85 €. *H NMR (500 MHz, CDCly): 6 = 1.97-2.02 (m, 1H), 2.32 (s, 3H),
2.33-2.39 (m, 2H), 2.43-2.47 (m, 2H), 2.69-2.74 (m, 1H), 3.99-4.05 (m, 1H), 4.15-4.19 (m, 1H),
7.09-7.12 (m, 1H), 7.72-7.75 (m, 1H), 8.35-8.39 (m, 2H). **C NMR (125 MHz, CDCl5): 6 = 12.9,
25.8, 26.1, 29.6, 44.3, 63.3, 114.6, 118.8, 120.2, 137.7, 147.6, 150.9, 171.3, 203.2. HRMS
(ESI-TOF): Calc for C4H5sNsO, [M+H]: 257.1164; found: 257.1171.

3-(2-cyanoethyl)-2-oxo-1-phenylpyrrolidine-3-carbonitrile (3)

O
NC,
N
NC
3

Colorless oil. 'H NMR (500 MHz, CDCly): 6 = 2.10-2.27 (m, 1H), 2.28-2.32 (m, 1H), 2.37-2.43
(m, 1H), 2.61-2.73 (m, 2H), 2.81-2.88 (m, 1H), 3.84-3.89 (m, 1H), 3.95-4.00 (m, 1H), 7.22-7.25 (t,
J =7.0 Hz, 1H), 7.38-7.42 (t, J = 7.0 Hz, 2H), 7.55-7.57 (d, J = 7.0 Hz, 2H). **C NMR (125 MHz,
CDCly): 0 =13.3, 29.8, 30.6, 44.8, 45.3, 117.5, 118.1, 120.2, 125.9, 129.0, 137.7, 166.0. HRMS
(ESI-TOF): Calc for C14H13N30 [M+H]: 239.1059; found: 239.1055.

ethyl 3-(3-acetyl-2-oxo-1-phenylpyrrolidin-3-yl)propanoate (4a)
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O o
o 1
EtO 4a
White solid. m.p. 56-58 €. *H NMR (500 MHz, CDCl,): 6 = 1.24-1.27 (t, J = 7.5Hz, 3H),
1.86-1.92 (m, 1H), 2.22-2.33 (m, 3H), 2.35 (s, 3H), 2.45-2.50 (m, 1H), 2.79-2.83 (m, 1H),
3.71-3.75 (m, 1H), 3.79-3.84 (m, 1H), 4.12-4.16 (m, 2H), 7.16-7.19 (t, J = 7.5 Hz, 1H), 7.36-7.40
(t, J = 8.5 Hz, 2H), 7.59-7.61 (d, J = 8.0 Hz, 2H). **C NMR (125 MHz, CDCl,): 6 = 14.1, 25.6,

26.1, 29.7, 45.9, 60.7, 63.4, 119.9, 125.1, 128.9, 138.9, 171.0, 172.4, 204.6. HRMS (ESI-TOF):
Calc for Cy7H,iNO4 [M+H]: 303.1471; found: 303.1477.

butyl 3-(3-acetyl-2-oxo-1-phenylpyrrolidin-3-yl)propanoate (4b)
O o
oﬁ'\‘/@
(0]
é 4b

White solid. m.p. 36-38 €. *H NMR (500 MHz, CDCly): 6 = 0.92-0.94 (t, J = 7.5Hz, 3H),
1.33-1.41 (m, 2H), 1.57-1.63 (m, 2H), 1.86-1.92 (m, 1H), 2.21-2.36 (m, 6H), 2.43-2.48 (m, 1H),
2.76-2.81 (m, 1H), 3.70-3.83 (m, 2H), 4.06-4.09 (t, J = 6.5Hz, 2H), 7.15-7.18 (t, J = 7.5 Hz, 1H),
7.35-7.38 (t, J = 8.0 Hz, 2H), 7.60-7.61 (d, J = 8.0 Hz, 2H). *C NMR (125 MHz, CDCly): 6 =
13.5, 18.8, 25.3, 25.8, 29.4, 30.3, 45.6, 63.1, 64.4, 119.6, 124.8, 128.6, 138.8, 170.8, 172.2, 204.3.
HRMS (ESI-TOF): Calc for C;gH,sNO4 [M+H]: 332.1862; found: 332.1867.

tert-butyl 3-(3-acetyl-2-oxo-1-phenylpyrrolidin-3-yl)propanoate (4c)

O o

5 O

o

4c
White solid. m.p. 74-76 °C. 'H NMR (500 MHz, CDCly): 6 = 1.44 (s, 9H), 1.86-1.92 (m, 1H),
2.16-2.62 (m, 3H), 2.34 (s, 3H), 2.39-2.46 (m, 1H), 2.77-2.81 (m, 1H), 2.70-3.83 (m, 2H),
7.15-7.18 (t, J = 7.5 Hz, 1H), 7.35-7.39 (t, J = 7.5 Hz, 2H), 7.59-7.61 (d, J = 8.5 Hz, 2H). **C
NMR (125 MHz, CDCl,): ¢ = 25.4, 26.0, 27.9, 29.7, 30.7, 45.8, 63.3, 80.7, 119.8, 124.9, 128.8,

138.9, 171.0, 171.5, 204.6. HRMS (ESI-TOF): Calc for Cy9HsNO, [M+H]: 332.1862; found:
332.1867.

3-acetyl-1-phenyl-3-(2-(phenylsulfonyl)ethyl)pyrrolidin-2-one (5)

O o
A0
Ph—S
°© 5

White solid. m.p. 121-123°C. *H NMR (500 MHz, CDCl): & = 1.86-1.88 (m, 1H), 2.19 (s, 3H),
2.26-2.30 (t, J = 8.0 Hz, 1H), 2.36-2.40 (m, 1H), 2.63-2.66 (M, 1H), 3.10-3.13 (m, 2H), 3.74-3.80
(m, 2H), 7.14-7.17 (t, J = 7.0 Hz, 1H), 7.33-7.36 (t, J = 8.0Hz, 2H), 7.53-7.57 (t, J = 8.5 Hz, 4H),
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7.63-7.66 (t, J = 8.0 Hz, 1H), 7.88-7.90 (d, J = 8.5 Hz, 2H). *C NMR (125 MHz, CDCly): J =
25.8, 26.1, 26.9, 45.6, 51.5, 61.9, 119.8, 125.2, 127.8, 128.8, 129.3, 133.8, 138.3, 138.4, 170.3,
203.7. HRMS (ESI-TOF): Calc for CxH,NO4S [M+H]: 372.1270; found: 372.1267.

3-(3-acetyl-2-oxo-1-phenylpyrrolidin-3-yl)-N,N-dimethylpropanamide (6)

O o
WO
N-C
/ 6

White solid. m.p. 61-63°C. *H NMR (500 MHz, CDCls): 6 = 1.93-1.98 (m, 1H), 2.22-2.45 (m,
7H), 2.73-2.78 (m, 1H), 2.94 (s, 3H), 3.00 (s, 3H), 3.75-3.82 (m, 2H), 7.16-7.19 (d, J = 7.0 Hz,
1H), 7.36-7.39 (t, J = 7.5 Hz, 2H), 7.60-7.61 (t, J = 7.5 Hz, 2H). *C NMR (125 MHz, CDCly): 6 =
25.9, 26.2, 28.4, 29.5, 35.5, 37.2, 45.9, 63.4, 119.9, 125.0, 128.9, 139.0, 171.4, 171.5, 205.2.
HRMS (ESI-TOF): Calc for C;7H,,N,05 [M+H]: 303.1709; found: 303.1712.

1,3-zwitterion (7)

White solid. m.p. 173-175 €. *H NMR (500 MHz, D,0): & = 1.75-1.76 (d, J = 7.5 Hz, 3H),
2.32-2.35 (t, J = 8.0 Hz, 2H), 2.72-2.75 (t, J = 8.5 Hz, 2H), 2.79-2.80 (d, J = 6.5 Hz, 6H),
3.01-3.02 (d, J = 6.5 Hz, 6H), 6.83-6.86 (t, J = 7.0 Hz, 1H), 7.11-7.14 (t, J = 8.0 Hz, 2H),
7.25-7.26 (d, J = 8.0 Hz, 2H). *C NMR (125 MHz, D,0): & = 20.4, 24.1, 44.2, 51.8, 63.7, 93.2,
119.9, 123.1, 129.5, 139.6, 170.0, 181.4. HRMS (ESI-TOF): Calc for CigHsN30, [M+H]:
316.2025; found: 316.2021.

2-acetyl-4-(3-acetyl-2-oxo-1-phenylpyrrolidin-3-yl)-N-phenylbutanamide (9a)
o)
O
N/@
o
o "

Colorless oil. 'H NMR (500 MHz, CDCls): 6 = 1.88-2.00 (m, 4H), 2.14-2.19 (m, 1H), 2.29 (s, 3H),
2.32-2.33 (d, J = 4.0 Hz, 3H), 2.79-2.82 (m, 1H), 3.46-3.54 (m, 1H), 3.73-3.85 (M, 2H), 7.11-7.20
(m, 2H), 7.30-7.39 (m, 4H), 7.52-7.58 (m, 4H), 8.30-8.35 (d, J = 25.0 Hz, 1H). *C NMR (125
MHz, CDCly): § = 24.5, 24.6, 25.4, 25.6, 26.0, 28.8, 29.2, 32.0, 32.3, 46.2, 46.3, 61.5, 61.6, 63.9,
63.9, 120.0, 120.0, 120.2, 120.0, 124.7, 125.3, 125.3, 128.9, 137.4, 137.4, 138.7, 166.3, 166.3,
171.3, 171.4, 204.6, 204.6, 2055, 205.6. HRMS (ESI-TOF): Calc for CpyHzN,04 [M+H]:
407.1971; found: 407.1976.
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2-acetyl-4-(3-acetyl-2-oxo-1-(p-tolyl)pyrrolidin-3-yl)-N-(p-tolyl)butanamide (9b)

Colorless oil. *H NMR (500 MHz, CDCl3): 6 = 1.85-2.00 (m, 4H), 2.13-2.17 (m, 1H),
2.25-2.38(m, 12H), 2.76-2.83 (m, 1H), 3.43-3.51 (m, 1H), 3.68-3.83 (m, 2H), 7.07-7.17 (m, 4H),
7.38-7.44 (m, 4H), 8.21-8.26 (d, J = 27.5 Hz, 1H). *C NMR (125 MHz, CDCls): J = 20.8, 24.5,
24.7,25.4, 25.7, 26.0, 26.0, 28.8, 29.2, 32.0, 32.3, 46.3, 46.4, 61.5, 61.6, 63.8, 63.8, 120.0, 120.0,
120.3, 120.3, 129.4, 129.4, 129.4, 134.3, 134.3, 134.8, 134.9, 135.1, 135.2, 136.2, 166.1, 166.2,
171.1, 171.2, 204.7, 204.8, 205.6, 205.7. HRMS (ESI-TOF): Calc for CygH3oN,04 [M+H]:
435.2284; found: 435.2288.

2-acetyl-4-(3-acetyl-1-(2-chlorophenyl)-2-oxopyrrolidin-3-yl)-N-(2-chlorophenyl)butanamide
(9c)

O o al
o)
N
o)

Colorless oil. '"H NMR (500 MHz, CDCl3): & = 1.94-2.18 (m, 5H), 2.33-2.40 (m, 6H), 2.85-2.88
(m, 1H), 3.56-3.74 (m, 3H), 7.07-7.10 (t, J = 7.0 Hz, 1H), 7.22-7.47 (m, 6H), 8.23-8.25 (m, 1H),
8.54-8.63 (d, J = 41.5 Hz, 1H). *C NMR (125 MHz, CDCls): 6 = 25.2, 25.4, 26.0, 26.0, 26.5, 26.8,
29.3, 29.4, 29.8, 31.8, 31.9, 47.2, 47.3, 61.2, 61.6, 62.3, 62.4, 122.3, 122.3, 123.8, 123.9, 125.4,
1275, 127.5, 127.9, 129.1, 129.1, 129.5, 129.5, 130.4, 132.0, 132.0, 134.0, 135.5, 135.6, 166.2,
166.2, 171.8, 171.8, 204.5, 204.6, 205.7, 206.0. HRMS (ESI-TOF): Calc for Cy4H,4CI;N,04
[M+H]: 475.1191; found: 475.1187.
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IV. 'H and **C NMR spectra of compounds 2-7.

STANDARD PROTON PARAMETERS

Archive directory: /export/home/ouyy/vnmrsys/data
Sample directory:
Pulse Sequence: s2pul
Solvent: COCI3
bient temperature
a

File: d2a74
INOVA-500 “NENUS00"

Relax. delay 1.000 sec

cq. time 1.892 sec ,
Width 9293.7 Wz e

8 repetitions &
OBSERVE H1, 499.8025991 MHZ
DATA PROCESS:
FT size 6

553
Total time 0 min, 23 se:

!

—

Ao

2a

0.000

i

~ 2,054
~2.054
1.00¢

————

o
w

~2.33]
~1.134{

STANDARD CARBON PARANETERS

Archive directory: /export/home/ouyy/vnmrsys/data
Sample directory:

Pulse Sequence: s2pul

Solvent: cdc13

Aabient temperature

user: 1-14-87

File: 42760

INOVA-500 "NENUS00"

Relax. delay 0.500 sec
Pulse degrees
1.300 sec

q.
Width 31421.8 Hz

256 repetitions

OBSERVE  C13, 125.6754699 WHz
DECOUPLE M1, 439.8050305 WHz
Power 42

Line broadening 1.5 Hz
FT size 131072
Total time 3 hr, 56 sec

—203.542
170.396

—138.533

——129.011

——125.444

P4
(¢}

2a

\_76.744

~—177.252
.000

—113.954

"118.786

62,667

45.888

S W Y
i 12.976

220 200 180 160

S R R AR s RE RS RE

A e B S Raa e o]

60 a0 20 0 ppm
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STANDARD PROTON PARANETERS

Archive directory:

/expor t/home /ouyy /vnmrsys /data
Sample directory:

Pulse Sequence:

Solvent: COC12

Ambient temperature
4250

File:
INOVA-500  “NENUS00"

s2pul

NC
2b

Relax. delay 1.000 sec
Pulse 45.0 degrees
Acq. time 1.892 sec
width 9605.0 Hz

4 repetitions
BSERVE  H1,
DATA PROCESSIN
FT size 65536

Total time 0 min, 11 sec

499.8025915 WHZ
G

7.261

—17.473

e 7 . 456

" 7.184

3.767

A

—2.749
—2.742

-0.007

~1.85¢
wi.79¢

~2.00{

—1.19060

STANDARD CARBON PARAMETERS

Archive directory: /export/home/ouyy/vnmrsys/data
Sample directory:
Pulse Sequence: s2pul
Solvent: cdc13
Ambient temperature
User: 1-14-87

File: 42506
INOVA-500  “NENUS00™

Relax.

delay 0.500 sec
Pulse rees

45.0 deg
Acq. time 1.300 sec
width 31421.8 Wz

ns
L 125.6754699 WMz

M
DECOUPLE M1, 439.8050905 WHz
r 42 dB

DATA PROCESSING

Line broadening 1.5 Hz
FT size 13107

Total time 3 hr, 6 sec

129,518
119,892

—————— 1187851

135.877

————_135.290

203,717
170.202

L “ I

NC

N
o

\_76.748

62.556

45.980

12.980

20.858

If

R e R ]

R o e B B B Bl B T

220 200 180 160 140 120

R A
a0 20 0 ppm

ESI10



STANDARD PROTON PARAMETERS

Archive directory: /export/home/ouyy/vimrsys/data
Sample directory:

Pulse Sequence: s2pul
Solvent: COC13
Ambient temperature
i

INOVA-500 “NENUS00"

Relax. delay 1.000 sec

Pulse 45.0 degrees

Acq. time 1.852 sec

Vidth 9605.0 Hz

4 repetitions

OBSERVE W1, 499.8025879 Wz
SSING

5536
Total time 0 min, 11 sec

M

1.93

Electronic Supplementary Material (ESI) for ChemComm
This journal is © The Royal Society of Chemistry 2014

1.00{

o 42
g

-0.000

STANDARD CARBON PARANETERS

Archive directory: /export/home/ouyy/vnmrsys/data
Sample directory:
Pulse Sequence: s2pul

Solvent: cdc13
rature

87
File: d2754
INOVA-500  “NENUS00"

Relax. delay 0.500 sec
Pulse 45.0 degrees

Line broadening 1.5 Hz
FT size 131072
Total time 30 min, 52 sec

203.755
170.030

—157.086

131.601

121.754

118.858
 naas

NC

55.426

——62.362

46.224

_ —29.758

26.157
26.138

12.953

R R

R R
220 200 180 160

R R e S

\aas

140

80

T
60

T

ppm
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STANDARD PROTON PARANETERS

Archive directory: /export/home/ouyy/vnarsys/data
Sample directory:

Pulse Sequence: szpul fo)
Solvent: COC13 o
Anbient temperature

ile: d2574
INOVA-500 “NENUS00"

Relax. delay 1.000 sec

Pulse 45-0 degrees NC
Acq. time 1.892 sec

Width 10032.6 Wz

2d

Nee

531
Total time 0 min, 11 sec

8352
e e
S J
SO
|
|
IE—— L S— s " i =
e P —r —— T T T A
8 2 [ R 3 . e 2 1 ppm
= rllr o3
= 32 £ TdgmRcs
-— - - o o o
" )
1 L U232
o
STANDARD CARBON PARAMETERS
Archive directory: /export/home/ouyy/vnmrsys/data
Sample directory: o) o
Pulse Sequence: s2pul
ven: cdc13
Ambient temperature
T 1-14-87 N
File: d2748
INOVA-500 “NENUSOO"
NC
2d
Line broadening 1.5 Hz
FT size 131072
Total time 2 hr, 3 min, 31 sec
2 3
253= LI
22385 ~3% as
endng =) 282
ER R it
ganasy w e .= &
. . s |1 . B 2 L1588 =
2 s = - o P el
H £ ‘ : § [ 37
| | | |
| ‘ | | ” |
| | | | |
| | | | |
| | |
‘ Il [ |
| ! H[ ! ! H I l
220 200 180 100 80 60 40 20 0 ppm
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STANDARD PROTON PARAMETERS

Archive directory: /export/home/ouyy/vnmrsys/data

Sample directory: O o
Pulse Sequence: s2pul cl
Solvent: COCI3
Ambient temperature N
File: d2486
INOVA-500 “NENUS00" NC

Relax. delay 1.000 sec
Pulse 45.0 degrees 2e
cq. time 1.892 sec

width 9605.0 Wz

4 repetitions

BSERVE  H1, 499.8025888 WHZ

DATA PROCESSING

FT size 65536

Total time 0 min, 11 sec

qes

———=0.000

1.93¢
2.014
o
1.004
3.23
3.301
1.1000
0.88¢
-
'
=
©
bl
3

STANDARD CARBON PARAMETERS

Archive directory: /export/home/ouyy/vnarsys/data o)
Sample directory:

Pulse Sequence: sZpul Cl

dc13
Ambient temperature N
User: 1-14-87

File: 42782

INOVA-500 "NENUS0O0™ NC

Relax. delay 0.500 sec

degrees 2e

Line broadening 1.5 Hz
FT size 131072
Total time 2 hr, 3 min, 31 sec

121.022

170.442
137.106

203.267
—————129.037
118.672
—62.705
45.833

—130.571
———{_25.935
13.002

| | L |}Hi

B o S R RS R - ey B R BRI o S e o e

LB T T
220 200 180 160 140 120 100 80 60 a0 20 0 ppm
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STANDARD PROTON PARANETERS

O o
Sample directory:
. o N
- NC
cl
2f

YNENUS 00"

Relax. delay 1.000 sec

Pulse 45.0 degrees riet-2-9
ime 1.892 sec 2SR5
width 10311.9 Wz Saa N

4 repetitions
OBSERVE  H1, 499.8025317 WHZ
DATA PROCESSING

FT si2e 65536

Total time 0 min, 11 sec

-1 ppm

R 1
o

STANDARD CARBON PARAMETERS

Archive directory: /export/home/ouyy/vnmrsys/data
Sample directory:

Pulse Sequence: s2pul ) le)
Solvent: cdcl3

Ambient temperature

user: 1-14-87

File: 4276

INOVA-500

3
"NENUS00" N

Relax. .

Puite 4500 degress NC al
ec

OTdin'sT01 8 e
th 31421.8 Hz 2f

—77.252

ons

OBSERVE C13, 125.6754718 Whz

DECOUPLE M1, 433.8050905 MHz /
8

Total time 3 hr, 56 sec

129.081

130.510
129.774
\_128.000

135.073

131.964
61.042

47.0a8

203.660
/

—171.178

———12.945

118,958

I ; -
| L | 1.

| |
|

R B T e e e A R e T

220 200 180 160 140 120 100 80 60 a0 20 0 ppm
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STANDARD PROTON PARAMETERS

Afchive directory: /export/home/ouyy/vmrsys/data - & «
Sample directory: :

Pulse Sequence: sZpul MeO.
Solvent: CDC13 o o)
Ambient temperature

File: 42600

INOVA-500  “NENUS00"

Cl

z

Relax. delay 1.000 sec
Pulse 45.0 degrees
sec

FT size 65536

Total time 0 min, 11 sec

0.000

§:87
~0.97
o

~ 2.08{
- 1.02{

~ 2.08

vt a.9s

STANDARD CARBON PARAMETERS

Archive directory: /export/home/ouyy/vnmrsys/data
Sample directory:
Pulse Sequence: s2pul

Solvent: cdci3 O
Ambient

MeO
(o}

Puise 450 degrees
A ne se NC

width 31421.8 Hz 29
128 repetitions

OBSERVE  C13, 125.6754738 WHz
DECOUPLE H1, 439.8050905 WHZ
Power 42 dB

continuous ly on

WALTZ-16 modulated

DATA PROCESSING

77.252

.000
\—76.744

1
Total time 3 hr, 56 sec

—203.889
153.271
—128.110
—/_128.381
R
—125.367
112.568
55.865
—29.441
—27.355
- 26.145
—12.785

119.095
—45.945

171.625

——60.828

| L] Ll | |

T B o L o L R o e L A S ot o B R I I SR S

220 200 180 160 140 120 100 80 60 40 20 0
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STANDARD PROTON PARAMETERS

Archive directory: /export/home/ouyy/vnmrsys/data
Sample directory:

Pulse Sequence: sZpul

Solvent: COC13 N
temperature

File: d3031
INOVA-500 “NENUS00"

NO,

tions
OBSERVE M1, 499.8025848 NHZ
DATA PROCESSING
FT size 65536

Total time 0 min, 23 sec

-0.000

L i i [, 1N T R

—~0.8800 -
~ 0.95¢
~ 0.95¢
- 0.96{
~1.00{
.9
3
1.1

STANDARD CARBON PARAMETERS

Archive directory: /export/home/ouyy/vnarsys/data
Sample directory:

Pulse Sequence: s2pul

solvent: cdc1s
Ambient temperature
1-14-87 O 0

3048
YNENUS00"

Relax. delay 0.500 sec
Pul degrees

se 1
Acq. tii 1.300
R L NC NO,

64 repetitions

OBSERVE C13, 125.6754733 WHZ

DECOUPLE W1 438 8050305 Nhz 2h
r 42 dl

continuously on
WALTZ-16 modulated

DATA PROCESSING

Line broadening 1.5 Hz
FT size 131072

Total time 30 min, 52 sec

77.256
76.744

12.835

203.004
170.995
145.312
7
T \—125.600
118.832
61.400
a7.197
30.857
,—29.239

i , |

T T T T T T T T T T T T T e e

ey T T T T X T T
220 200 180 160 140 120 100 80 60 40 20 0 ppm
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STANDARD PROTON PARANETERS

Archive directory: /export/home/ouyy/vnarsys/data
mple directory:

Pulse Sequence: s2pul
Solvent: COCI3
Ambient temperature
File: dz835
INOVA-500  "NENUS00"

Relax. delay 1.000 sec

o

T T
Bt v 7 6 5 4. 3 e - 2 -0 ppm
= o% w 3 s I3 %
= =R 58 3 8% 3
- - o o= e e -
3 ,, o2ty
-
STANDARD CARBON PARAMETERS
Archive directory: /export/home/ouyy/vnmrsys/data
Sample directory:
Pulse Sequence: s2pul
Solvent:
Ambient
elax. delay 0.500 sec
Pulse 45.0 degrees
cq. time 1,300 sec
Width 31421.8
192 repetitions
OBSERVE C13, 125.6754704 WHz
DECOUPLE M1, 493.8050905 NHZ 2 3
Power B ~ 0~
cont inuous1y on Cow
WALTZ-16 modulated RgR®
DATA PROCESSING =
e broadening 1.5 Hz
FT size 131072
Total time 3 hr, 56 sec ~noo2238
BRGNS -
Sens8S3 3
:E:‘_:—m.. ~ H
P o Q s *
ot N - ] s = @
ss3 2 2 s g e
g QL 5 'i
& - z l
|
|
|
J | ‘ h
T e ey - r T : v T T T T ' Freer e A S R ISR
220 200 180 160 140 120 100 80 60 40 20 ppm
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STANDARD PROTON PARAMETERS

Archive directory: /export/home/ouyy/vnarsys/data
Sample directory:

Pulse Sequence: s2pul
Solvent: COCI

3
Ambient temperature
File: d318:

INOVA-500 “NENUS00"
Relax. delay 1.000 sec
Pulse 45.0 degrees

Ac

ec

Hz
s

499.8025714 MHz
inG

FT size 65536
Total time 0 min, 23 sec

T T
-~ - - -~ 4 8 & e 2 1 -0 ppm
= = P P S G =
o= - ® a8 s pe W
o s s <A [EREEAE I

.

STANDARD CARBON PARAMETERS
Archive directory: /export/home/ouyy/vimrsys/data
Sample directory:
Pulse Sequence: s2pul
Solvent: cdc13
Ambient t
i
“unenusoon
Relax. delay 0.500 sec |
ulse rees
vidin 9141:'33»‘: 1o N
(8 Hz
64 repetitions N N
OBSERVE C13, 125.6754771 MHZ
DECOUPLE N;, 499.8050905 WHz
er 42 df
cont{nuously on NC
WALTZ-16 modulated -
DATA PROCESS 2]
Line broadening 1.5 Wz
FT size 1.
Total time 3 hr, 56 sec
e we
3 823z
2 s 2 a6
° - ~ w NN, -
d 3 R - 2
A 3 FRE 8 z
5 ] o < S
= S Rg® I
s - & g 2
§ £ 5 M y a
s 2 s [ 2
T T T T T T T T T A T T T T T — R r r .
220 200 180 160 140 120 100 80 60 40 20 ppm
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STANDARD PROTON PARANETERS

Archive directory: /export/home/ouyy/vnmrsys/data
Sample directory:

Pulse Sequence: sZpul
Solvent: COC13
bient temperature
File: d3329
INOVA-500 “NENUS00"

Relax. delay 1.000 sec

STANDARD CARBON PARAMETERS

Archive directory: /export/home/ouyy/vnarsys/data
Sample directory:

Pulse Sequence: s2pul
Solvent: cdc13

Anbient temperature

1-14-87 (0]

File: 43330
INOVA-500 “NENUS00" NC

itions
OBSERVE  C13, 125.6754886 MHZ NC
DECOUPLE 1, 4338050305 WHz

4

b=t

R

-

2

2.

1

3

2

2

2
128.982
120.171
118.111

1
Total time 2 hr, 3 min, 31 sec

125.917
45.308
73
13.300

77.256
76.744

—30.578
=" 75.831

165.490
137.724
\-117.493

\ | | L l -

ety - T T T T e - P R s mae e SRR SR

T
220 200 180 160 140 120 100 80 60 40 20 0 ppm
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STANDARD PROTON PARAMETERS

Archive directory: /export/home/ouyy/vomrsys/data
Sample directory:

Pulse Sequence:
Solvent: €oC13
Ambient temperature
File:

INOVA-500

s2pul

2
“NENUS00*

Relax. delay 1.000 sec
rees

Pulse 45.0 deg -]
q. time 1.892 sec N
Width 9605.0 Hz %
B

ons
OBSERVE W1, 439.8025897 MHz
inG

"T—3.732

536
Total time 0 min, 23 sec

-1.12{
~
1.08{

MR

—1.244

\—0.000

STANDARD CARBON PARAMETERS

Archive directory: /export/home/ouyy/vrmrsys/data
Sample directory:

Pulse Sequence: s2pul

o
o

E:
o

Solvent: cdc13
Ambient temperature
user: 1-14-87
File: 42753
INOVA-500 "NENUS00"
elax. delay 0.500 sec
ulse 45.0 degrees
Acq. time 1,300 sec
Width 31421.8 Hz
128 repetitions
OBSERVE C13, 125.6754680 MH2
DECOUPLE H1, 499.8050905 MHz
Power 42 di
cont inuously on
VALTZ-16 modulated
DATA PROCESSING
Line broadening 1.5 Hz

072

R
P

EtO

B
o

FT size 131
Total time 30 min, 52 sec

128.892
119.874

204.640
—172.365
———170.976
138.930
125.054
63.384
60.728
a5.881

—5 581

14.128

T T - T T T T
180 160 120 100 80

20

T

e

ppm
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STANDARD PROTON PARAMETERS

Archive directory: /export/home/ouyy/vimrsys/data
Sample directory:

Pulse Sequence: sZpul

0C13
temperature

File:
INOVA-500 “NENUS00"

Relax. delay 1.000 sec

4 repatition
OBSERVE M1, 4” 8025697 MHz
OATA PROCESSING

FT size 65536

Total time 0 min, 11 sec

~ 1,011

STANDARD CARBON PARAMETERS

Archive ulrectory /export/home /ouyy /vmrsys /data

Sample directo O o
Pulse Sequence: s2pul

Solvent: cdc13

Jombient temperature N
P Laer (0]
Fitel a3
TNOVA-500. “NENUS 00"

Balas. diley 8,500 4%
Pu degree:

o)
Widin 31921 s *he

64 repetition:

OBSERVE. C13, 1256754881 Mhz
OECOUPLE H1, 439.8050805 Wz

4b

Cont Inuoue y on

Total time 30 min, 52 sec

-
2
@
N
5
@
128.641
119.618
29.415

—%s.125
45.625
30.319
25.802
25.356

~-170.816
138.781
124.761
—77.256
76.744
18.847
13.456

—64.353

204.305
S | | 571 1

T T T - e T P T T T T T T T T T

T T T
220 200 180 160 140 120 100 80 60 40 20 0 ppm
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STANDARD PROTON PARAMETERS

Archive directory: /export/home/ouyy/vimrsys/data
Sample directory:

Pulse Sequence: s2pul
Solvent: €OC13
Ambient temperature
File: dz

INOVA-500  “NENUSOO™

Relax. delay 1.000 sec
Pulse 5.0 degrees
Acq. time 1.892 sec

Vidth 10311.9 'z

4 repetitions

OBSERVE W1, 499.8025802 WHz
DATA PROCESSING

FT size 65536

otal time 0 min, 11 sec

2,195

;) 1.00
w 1.02¢
0.43

~ 109

STANDARD CARBON PARANETERS

Archive directory: /export/home/ouyy/vnarsys/data

Sample directory:
Pulse Sequence: s2pul O o]
vent: cdc13
ent temperature
User: 1-14-87 o
File: 42856 N
INOVA-500 "NENUS00"

Relax. delay 0.500 sec
Pulse 45.0 degrees
fca. time 1.300 sec

H:

27.896

width .8 Hz

128 repetitions

OBSERVE  C13, 125.6754781 WHz
DECOUPLE K1, 489.8050905 WHz
Power 42 dB

128.763
119.759

Total time 3 hr, 56 sec

30.723

/—29.655
25.439

124.887
as.758
25.958

~171.514

204.591
—170.973

63.323

——138.888

e T T T T | BARRARR

T T T T T T
220 200 180 160 140 120 100 80 60 40 20 0 ppm
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STANDARD PROTON PARAMETERS

Archive directory:
mple directory:

axpor t /home /ouyy /vimr sys /data

Pulse Sequence: s2pul
Solvent: COCI3
Ambient temperature
File: d
INOVA-500  “NENUS00™

Relax. delay 1.000 sec

ons
RVE M1, 499.8025917 NHZ

DATA PROCESSING

FT size 65536

Total time 0 min, 11 sec

_2.551

7.182

N—Ph

2

STANDARD CARBON PARAMETERS

Archive directory: /export/home/ouyy/vnmrsys/data
Sample directory:

Pulse Sequence: s2pul
Solvent: cdcls
Ambient temperature
user: 1-14-87

File: 42750

INOVA-500 "NENUS00*

Relax. delay 0.500 sec
Pulse 45.0 degrees

Acq. time 1.300 sec

width 31421.8 Hz

64 repetitions

OBSERVE  C13, 125.6754881 MHz
DECOUPLE H1, 433.8050305 WHz

Total time 2 hr, 3 min, 31 sec

203.687
170.343

—138.403

- 138.281

—133.818

N-Ph

119.793

TTT\—125.165

ni

77.256
76.744

\.
.923

61

51.542

——45.540

R R ant T T

T
220 200

e

T
180 160

e

140

T

120 100

T T

80

ppm
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STANDARD PROTON PARAMETERS
Archive directory: /export/home/ouyy/vnmrsys/data
Sample directory
Pulse Sequence: s2pul
coc13
nt temperature (0] 0
89
A
I
OBSERVE m ass 8025880 Wz N-C
DATA PROCESS:
FT size 6553
Totat tine o' nin, 23 sec 6
NG
S3anfas
RERNRONgR
Q Tq-.c
|
T T T T T T T B y
11 10 9 8 . 447 6 5 4. v v & 1 -0 ppm
233 2 W == 2
s oo < —e o o
3% 2 3 43 |
STANDARD CARBON PARAMETERS
Archive directory: /export/nome/ouyy/vrarsys/data
ple directory
Pulse Seuulncu s2pul
u-plrnturn
1-14
Fi 2318
TNOVA-500 eNENUS 00+ O
Relax. delay 0.500 sec eox (o)
Pulse 45.0 degrees wSe
time 1.300 sec e
yidin S1421.8 Wz 34 (0]
132 repetitio bk \ Ph
OBSERVE. C13, 125.6754680 NHz i N—
DECOUPLE vu 499.8050905 MHz N_C
Power 42
Cont Inuous
WALTZ-16 nduuted
DATA PROCESS!
Line brcadlnmg 1.5 Hz 6
FT size 13
Total time 8 hr, 56 sec
g .
2 @
= *
U a2
s 2 g323as
L 2 Nese,
kit 3 - s KNwSR82
s 88 g 8 8 & 1 J
S = E s 0 ]
£ 2 “
T T T T T T T IBERRA T T T T T T T — P e r
220 200 180 160 140 120 100 80 60 40 20 0 ppm
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STANDARD PROTON PARAMETERS

Archive directory: /export/home/lpg/vnmrsys/data
Sample directory:

Pulse Sequence: s2pu)

Solvent: D20

Ambient temperature 0
File: d30

30
INOVA-500 “NENUS00"

Relax. delay 1.000 sec

<

&

E

23

287

2

S
4.600

ns
OBSERVE M1, 499.8038984 NHZ
ssing

A
FT size 65536
Total time 0 min, 11 sec N

2.351
1.762

3.734
2.717

2.334

2.318

) ir:

T T
9
c13 16PRP 1402 2014.04.14

Archive directory: /export/home/lpq/vomrsys/data

Sample directory:
Pulse Sequence: s2pul e '~ _Ph
Solvent: 020 Co N
Jabient temporature
ser:  1-14-87
File: d3082 N
INOVA-500 “NENUSO00™ o
Relax. delay 0.500 sec
Pulse 45.0 degrees
a 300 sec
z @
320 repetitions NC
OBSERVE C13, 125.6757545 MHz
DECOUPLE H1, 499.8063750 NHz =
Power 42 dB 2
cont inuously on =
WALTZ-16 modulated 3 7
DATA PROCESSING T N
ine broadening 2.0 Hz
FT size 72
Total time 15 hr, 4 min, 41 sec -
& . H
s ® H
b =
a = g
s 8 & = " &
s f % g : = 2 ?
s b s 2 g8
9 S
Y T T T T T T T T T T T T T T T T ey T Y T LIAEAR I | T
220 200 180 160 140 120 100 80 60 40 20 0 ppm
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STANDARD PROTON PARAMETERS

Archive directory: /export/home/ouyy/vomrsys data
Sample directory:

Pulse Sequence: s2pul

Solvent: COC13

Ambient temperature

File: d2545

INOVA-500  “NENUS00"

Relax. delay 1.000 sec

Pulse 45.0 degrees e
C. time 1.892 sec -3
Widih 100326 Hz 3
4 repetitions b

0BSERVE H1, 499.8025899 MHz

DATA PROCESSING

FT size 65

Total time 0 min, 11 sec

2.814
803

L.

—2.824

T L e e . e e o . T T T
11 10 9 - 8 — 4 6 H
- 3 dno
b L B
1 A2t

_1.256

STANDARD CARBON PARAMETERS

Archive directory: /export/home/ouyy/vnrsys/data
Sample directory:

Pulse Sequence: s2pul

Solvent: cdcl3
Ambient temperature
User: 1-14-87
File: d2918 N
INOVA-500 “NENUS00"
Relax. delay 0.500 sec e =
Pulse 45.0 degrees BT (0]
time 1.300 s 2%e o 3
width 31421.8 Hz 283 Sne NH
0 repetitions wo 2 N ~ 9a
of IVE C13, 125.6754728 WHZ aNe o 3
DECOUPLE  H1, 499.8050905 MHZ bR
Power 42 dB
continuously on
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Line broadening 1.5 Hz
FT size 131072
Total time 3 hr, 56 sec
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STANDARD PROTON PARAMETERS
Archive directory: /export/home/ouyy/vnmrsys/data
Sample directory:

Pulse Sequence: s2pul
So

: coC13
Ambient temperature
File: d2823
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STANDARD CARBON PARAMETERS

Archive directory: /export/home/ouyy/vnmrsys/data
Sample directory:

Pulse Sequence: s2pul

Relax. delay 0.500 sec
rees
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76.744

e as.
time 1.300 sec
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Total time 3 hr, 56 sec
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STANDARD PROTON PARAMETERS

Archive directory: /export/home/ouyy/vomrsys/data
Sample directory: )
Pulse Sequence: s2pul o o
Solvent: COC13

Ambient temperature

File: d2870 N
INOVA-500 "NENUS00"

Cl

Acq. time 1.892 sec
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STANDARD CARBON PARAMETERS
Archive directory: /export/home/ouyy/vnmrsys/data
Sample directory:
Pulse Sequence: s2pul
Solvent: cdcls O o
Ambient temperature
user: 1-14-87 (o]
File: d2914
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y 0.500 sec
0 degrees ~ §
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384 repetitions xS~ NH 9
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Line broadening 1.5 Hz = -
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