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I. General

All reagents were purchased from commercial sources and used without treatment,
unless otherwise indicated. The products were purified by column chromatography
over silica gel. '"H NMR and *C NMR spectra were recorded at 25 °C on a Varian 500
MHz and 125 MHz, respectively, and TMS as internal standard. IR spectra (KBr)
were recorded on a Magna-560 FTIR spectrophotometer in the range of 400~4000
cm-1. Elemental analyses were measured on an E-2400 analyzer (Perkin-Elmer).

Mass spectra were recorded on Agilient 1100 LCMsD mass spectrometer.

I1. Synthesis and analytical data of 3.

General procedure for the preparation of 3 (3a as an example): To a solution of
(E)-chalcone 1a (208 mg, 1.0 mmol) in DMF (4 mL) was added malononitrile (73 mg,
1.1 mmol) and K,COs (152 mg, 1.1 mmol). The reaction mixture was stirred at room
temperature for 12 h. After completion of the reaction, the solution poured into water
and then extracted with CH,Cl, (3 x 10 mL). The combined organic phase was
washed with water (3 x 10 mL), dried over anhydrous MgSQO,, filtered and
concentrated under reduced pressure. The crude product was purified by flash
chromatography (silica gel, petroleum ether: diethyl ether = 9: 1) to give 3a (223 mg,
95%) as a white solid.

4-0x0-2, 4-diphenylbutanenitrile (3a)

O

CNI

3a

White solid. m.p. 120-122 °C. "H NMR (500 MHz, CDCLy): 6 = 3.49-3.54 (m, 1H),

3.71-3.77 (m, 1H), 4.56-4.59 (m, 1H), 7.34-7.36 (d, J = 7.0 Hz, 1H), 7.38-7.44 (m,
2H), 7.45-7.49 (m, 4H), 7.59-7.60 (d, J = 7.5 Hz, 1H), 7.92-7.94 (t, J = 7.0 Hz, 2H);
B3C NMR (CDCls, 125 MHz): § = 31.8, 44.5, 120.6, 127.5, 128.1, 128.4, 128.8, 129.3,
133.9, 135.2, 135.6, 194.6. MS calcd m/z 235.1, found 236.1 [(M + 1)]". Anal. Calcd
for CisH5sNO: C, 81.68; H, 5.57; N, 5.95; Found: C, 81.75; H, 5.59; N, 6.01.
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4-0x0-4-phenyl-2-(p-tolyl)butanenitrile (3b)
)

CNI

3b

White solid. m.p. 65-67 °C. 'H NMR (500 MHz, CDCls): 6 = 2.35 (s, 3H), 3.47-3.52

(m, 1H), 3.69-3.74 (m, 1H), 4.52-4.55 (m, 1H), 7.19-7.20 (d, J = 8.0 Hz, 2H),
7.31-7.33 (d, J = 8.5 Hz, 2H), 7.46-7.49 (t, J =7.5 Hz, 2H), 7.58-7.61 (t, J = 7.5 Hz,
1H), 7.92-7.93 (d, J = 7.5 Hz, 2H); °C NMR (CDCls, 125 MHz): 6 = 21.1, 31.5, 44.5,
120.8, 127.3, 128.1, 128.8, 129.9, 132.2, 133.9, 135.6, 138.2, 194.7. MS calcd m/z
249.1, found 250.1 [(M + 1)]". Anal. Calcd for C;7H;sNO: C, 81.90; H, 6.06; N, 5.62;
Found: C, 81.78; H, 6.01; N, 5.57.

2-(2-methoxyphenyl)-4-oxo-4-phenylbutanenitrile (3¢)
o

o
OCHs

3c

White solid. m.p. 72-74 °C. 'H NMR (500 MHz, CDCL): 6 = 3.48-3.53 (m, 1H),

3.63-3.68 (m, 1H), 3.82 (s, 3H), 4.77-4.79 (m, 1H), 6.91-6.93 (d, J = 8.5 Hz, 1H),
6.99-7.02 (m, 1H), 7.32-7.35 (m, 1H), 7.45-7.47 (d, J = 7.5 Hz, 2H), 7.48-7.52 (m,
1H), 7.57-7.60 (m, 1H), 7.93-7.95 (m, 2H); °*C NMR (CDCls, 125 MHz): § = 27.4,
42.1,55.5,110.9, 120.6, 121.0, 123.0, 128.0, 128.7, 128.9, 129.7, 133.7, 135.8, 156.2,
195.3. MS caled m/z 265.1, found 266.1 [(M + 1)]". Anal. Calcd for C;7H;sNO,: C,
76.96; H, 5.70; N, 5.28; Found: C, 77.04; H, 5.68; N, 5.21.

2-(4-methoxyphenyl)-4-oxo-4-phenylbutanenitrile (3d)

(o}

CNI

3d

CH;0 ‘

White solid. m.p. 107-109 °C. "H NMR (500 MHz, CDCls): & = 3.47-3.52 (m, 1H),

3.67-3.72 (m, 1H), 3.80 (s, 3H), 4.51-4.54 (t, J= 7.0 Hz, 1H), 6.90-6.91 (d, J= 7.0 Hz,
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2H), 7.34-7.36 (d, J = 9.0 Hz, 2H), 7.45-7.49 (t, J = 8.0 Hz, 2H), 7.58-7.61 (t, J= 7.0

Hz, 1H), 7.92-7.93 (d, J = 8.0 Hz, 2H); >C NMR (CDCI3, 125 MHz): § = 31.1, 44.6,
55.4, 114.6, 120.9, 127.2, 128.1, 128.2, 128.9, 132.9, 135.8, 159.6, 194.8. MS calcd
m/z 265.1, found 266.1 [(M + 1)]". Anal. Calcd for C;7H;sNO,: C, 76.96; H, 5.70; N,
5.28; Found: C, 77.08; H, 5.67; N, 5.20.

2-(4-(dimethylamino)phenyl)-4-o0xo0-4-phenylbutanenitrile (3e)

0]

CN ‘
>N

I 3e

Yellow solid. m.p. 87-89 °C. '"H NMR (500 MHz, CDCls): 6 = 2.95 (s, 6H), 3.45-3.49
(m, 1H), 3.65-3.71 (m, 1H), 4.45-4.48 (m, 1H), 6.69-6.71 (d, J = 8.0 Hz, 2H),
7.26-7.28 (t, J = 9.0 Hz, 2H), 7.45-7.48 (t, J = 8.0 Hz, 2H), 7.57-7.59 (d, J = 7.5 Hz,
1H), 7.91-7.93 (t, J = 7.05 Hz, 2H); >C NMR (CDCls, 125 MHz): 6 =31.1, 40.5, 44.7,
112.8, 121.3, 128.1, 128.3, 128.8, 133.8, 135.9, 150.3, 195.1. MS calcd m/z 278.1,
found 279.1 (M + 1)]+. Anal. Calcd for CigHisN,O: C, 77.67; H, 6.52; N, 10.06;
Found: C, 77.76; H, 6.55; N, 10.13.

2-(benzo[d][1,3]dioxol-5-yl)-4-0x0-4-phenylbutanenitrile (3f)

O

L
O

3f

White solid. m.p. 126-128 °C. '"H NMR (500 MHz, CDCl3): ¢ = 3.48-3.52 (m, 1H),
3.66-3.72 (m, 1H), 4.48-4.50 (t,J=7.5 Hz, 1H), 5.99 (s, 2H), 6.79-6.81 (d, J = 8.0 Hz,
1H), 6.89-6.91 (t, J = 7.5 Hz, 2H), 7.47-7.50 (t, J = 8.0 Hz, 2H), 7.59-7.62 (t, J=17.5
Hz, 1H), 7.92-7.94 (d, J = 7.5 Hz, 2H); °C NMR (CDCls, 125 MHz): § = 31.5, 44.5,
101.5, 107.9, 108.7, 120.7, 121.0, 128.1, 128.7, 128.8, 133.9, 135.6, 147.6, 148.3,
194.6. MS calcd m/z 279.1, found 280.1 [M + 1)]+. Anal. Calcd for C;7H3NO;: C,
73.11; H, 4.69; N, 5.02; Found: C, 73.02; H, 4.66; N, 4.95.
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2-(4-chlorophenyl)-4-oxo0-4-phenylbutanenitrile (3g)

0]

CNl

3g

Cl I

White solid. m.p. 112-114 °C. 'H NMR (500 MHz, CDCly): 6 = 3.49-3.54 (m, 1H),

3.69-3.74 (m, 1H), 4.55-4.58 (t, J = 7.0 Hz, 1H), 7.36-7.40 (m, 4H), 7.47-7.50 (m,
2H), 7.59-7.63 (m, 1H), 7.91-7.93 (m, 2H); *C NMR (CDCI3, 125 MHz): 6 = 31.2,
443, 120.3, 128.5, 128.9, 128.9, 129.4, 133.7, 134.0, 134.4, 135.4, 194.3. MS calcd
m/z 269.0, found 270.0 [(M + 1)]". Anal. Calcd for C;sH;,CINO: C, 71.25; H, 4.48; N,
5.19; Found: C, 71.35; H, 4.50; N, 5.24.

2-(2-chlorophenyl)-4-oxo0-4-phenylbutanenitrile (3h)

o}

CNI

3h

I Cl

White solid. m.p. 91-93 °C. 'H NMR (500 MHz, CDCL): 6 = 3.52-3.56 (m, 1H),

3.65-3.71 (m, 1H), 4.92-4.95 (m, 1H), 7.31-7.38 (m, 2H), 7.43-7.45 (m, 1H),
7.47-7.50 (m, 2H), 7.59-7.63 (m, 1H), 7.68-7.70 (m, 1H), 7.95-7.97 (m, 2H); “C
NMR (CDCls, 125 MHz): ¢ = 30.1, 42.4, 119.7, 127.8, 128.1, 128.9, 129.5, 129.9,
130.3, 132.7, 133.9, 135.6, 194.4. MS calcd m/z 269.0, found 270.0 [(M + 1)]". Anal.
Calcd for C;¢H,CINO: C, 71.25; H, 4.48; N, 5.19; Found: C, 71.16; H, 4.45; N, 5.13.

2-(4-bromophenyl)-4-oxo-4-phenylbutanenitrile (3i)

o}

o=
Br

3i

White solid. m.p. 126-128 °C. "H NMR (500 MHz, CDCLy): 6 = 3.49-3.53 (m, 1H),
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3.69-3.74 (m, 1H), 4.53-4.56 (t, J = 7.0 Hz, 1H), 7.31-7.32 (d, J = 8.5 Hz, 2H),

7.46-7.53 (m, 4H), 7.59-7.62 (t, J = 7.5 Hz, 1H), 7.91-7.92 (t, J = 7.5 Hz, 2H); "*C
NMR (CDCls, 125 MHz): 0 = 31.4, 44.2, 120.2, 122.5, 128.1, 128.9, 129.3, 132.4,
134.1, 134.3, 135.5, 194.3. MS calcd m/z 313.0, found 314.0 [(M + 1)]". Anal. Calcd
for C;sH12BrNO: C, 61.17; H, 3.85; N, 4.46; Found: C, 61.28; H, 3.87; N, 4.51.

2-(4-fluorophenyl)-4-oxo0-4-phenylbutanenitrile (3j)

o}

CNI

3

e

White solid. m.p. 105-107 °C. "H NMR (500 MHz, CDCls): & = 3.49-3.54 (m, 1H),

3.69-3.74 (m, 1H), 4.56-4.59 (t, J = 7.0 Hz, 1H), 7.07-7.10 (t, J = 8.5 Hz, 2H),
7.41-7.44 (m, 2H), 7.46-7.50 (t, J = 7.5 Hz, 2H), 7.59-7.62 (t, J = 7.0 Hz, 1H),
7.91-7.92 (d, J = 8.0 Hz, 2H); C NMR (CDCls, 125 MHz): § = 31.2, 44.4, 116.2,
116.4, 120.5, 128.1, 128.9, 129.3, 129.4, 134.0, 135.6, 161.6, 163.5, 194.4. MS calcd
m/z 253.1, found 254.1 [(M + 1)]". Anal. Calcd for C;¢H,FNO: C, 75.88; H, 4.78; N,
5.53; Found: C, 75.99; H, 4.81; N, 5.58.

2-(3-nitrophenyl)-4-oxo-4-phenylbutanenitrile (3k)

0O

O,N

3k

White solid. m.p. 128-130 °C. '"H NMR (500 MHz, CDCls): 6 = 3.59-3.64 (m, 1H),
3.78-3.83 (m, 1H), 4.71-4.74 (t, J = 7.0 Hz, 1H), 7.47-7.50 (t, J = 7.5 Hz, 2H),
7.59-7.63 (m, 2H), 7.84-7.85 (d, J = 8.0 Hz, 1H), 7.92-7.94 (d, J = 7.5 Hz, 2H),
8.21-8.23 (d, J = 8.5 Hz, 1H), 8.34 (s, 1H); °*C NMR (CDCls, 125 MHz): ¢ = 31.6,
43.9, 119.6, 122.8, 123.6, 128.1, 130.0, 130.4, 133.9, 134.3, 135.3, 137.3, 193.8. MS
caled m/z 280.1, found 281.1 [(M + 1)]". Anal. Caled for C;¢H2N,0Os: C, 68.56; H,

4.32; N, 9.99; Found: C, 68.66; H, 4.36; N, 10.06.
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2-(furan-2-yl)-4-oxo0-4-phenylbutanenitrile (31)

White solid. m.p. 66-68 °C. '"H NMR (500 MHz, CDCly): § = 3.66-3.74 (m, 2H),
4.67-4.70 (t, J = 6.5 Hz, 1H), 6.36-6.40 (m, 2H), 7.39-7.40 (d, J = 1.0 Hz, 1H),
7.48-7.52 (t, J = 8.0 Hz, 2H), 7.61-7.64 (t, J = 7.0 Hz, 1H), 7.96-7.98 (d, J = 8.0 Hz,
2H); *C NMR (CDCls, 125 MHz): = 25.9, 40.6, 108.2, 110.8, 118.3, 128.1, 128.8,
134.0, 135.5, 143.1, 146.8, 194.2. MS calcd m/z 225.0, found 226.0 [(M + 1)]". Anal.
Calcd for C4H11NO,: C, 74.65; H, 4.92; N, 6.22; Found: C, 74.54; H, 4.89; N, 6.16.

4-0x0-4-phenyl-2-(thiophen-2-yl)butanenitrile (3m)

White solid. m.p. 111-113 °C. "H NMR (500 MHz, CDCl;): 6 = 3.61-3.66 (m, 1H),
3.75-3.80 (m, 1H), 4.85-4.88 (t, J = 6.5 Hz, 1H), 6.98-6.99 (m, 1H), 7.16-7.17 (m,
1H), 7.27-7.29 (m, 1H), 7.48-7.51 (m, 2H), 7.60-7.64 (m, 1H), 7.95-7.96 (m, 2H); "°C
NMR (CDCls, 125 MHz): 6 = 27.3, 44.6, 119.8, 125.9, 126.7, 127.2, 127.6, 128.2,
128.9, 134.1, 135.6, 137.0, 194.3. MS calcd m/z 241.0, found 242.0 [(M + 1)]". Anal.
Calcd for C4H1NOS: C, 69.68; H, 4.59; N, 5.80; Found: C, 69.59; H, 4.56; N, 5.74.

2-(tert-butyl)-4-o0xo0-4-phenylbutanenitrile (3n)

White solid. m.p. 106-108 °C. '"H NMR (500 MHz, CDCI3): & = 1.13 (s, 9H),

3.16-3.21 (m, 2H), 3.34-3.40 (m, 1H), 7.49-7.52 (¢, J = 8.0 Hz, 2H), 7.60-7.61 (d, J =
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7.0 Hz, 1H), 7.97-7.98 (t, J = 7.0 Hz, 2H); °C NMR (CDCls, 125 MHz): & = 27.4,
32.8,36.9, 37.8, 121.1, 128.1, 128.8, 133.8, 136.1, 195.8. MS calcd m/z 215.1, found
216.1 [(M + 1)]+. Anal. Calcd for C;4H7NO: C, 78.10; H, 7.96; N, 6.51; Found: C,
78.18; H, 7.98; N, 6.56.

4-(4-bromophenyl)-4-oxo-2-phenylbutanenitrile (30)

0O

O CNE Br
30

White solid. m.p. 120-122 °C. "H NMR (500 MHz, CDCly): 6 = 3.44-3.49 (m, 1H),

3.67-3.72 (m, 1H), 4.53-4.56 (m, 1H), 7.33-7.36 (t, J = 6.5 Hz, 1H), 7.39-7.44 (m,
4H), 7.61-7.63 (d, J = 8.5 Hz, 2H), 7.78-7.80 (d, J = 8.5 Hz, 2H); "*C NMR (CDCL,
125 MHz): 6 = 31.8, 44.4, 120.4, 127.4, 128.3, 128.4, 129.0, 129.3, 129.5, 132.5,
134.2, 134.9, 193.7. MS caled m/z 313.0, found 314.0 [(M + 1)]". Anal. Caled for
C1sH2BINO: C, 61.17; H, 3.85; N, 4.46; Found: C, 61.28; H, 3.87; N, 4.52.

4-(4-chlorophenyl)-4-oxo-2-phenylbutanenitrile (3p)

(0]

CN I Cl

3p

White solid. m.p. 111-113 °C. 'H NMR (500 MHz, CDCls): 6 = 3.44-3.49 (m, 1H),

3.67-3.72 (m, 1H), 4.53-4.55 (m, 1H), 7.32-7.22 (d, J = 4.5 Hz, 1H), 7.34-7.36 (m,
2H), 7.38-7.43 (m, 4H), 7.85-7.87 (d, J = 8.5 Hz, 2H); *C NMR (CDCl;, 125 MHz):
0=31.9, 44.5, 120.5, 127.5, 128.5, 129.2, 134.0, 135.1, 140.5, 193.5. MS calcd m/z
269.0, found 270.0 [(M + 1)]". Anal. Caled for C;sH;,CINO: C, 71.25; H, 4.48; N,
5.19; Found: C, 71.36; H, 4.51; N, 5.24.

4-oxo0-2-phenyl-4-(p-tolyl)butanenitrile (3q)
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o}

CNI

3q

White solid. m.p. 64-66 °C. 'H NMR (500 MHz, CDCLy): § = 2.41 (s, 3H), 3.46-3.51

(m, 1H), 3.68-4.703 (m, 1H), 4.55-4.58 (m, 1H), 7.25-7.27 (t, J = 8.0 Hz, 2H),
7.33-7.35 (d, J = 7.5 Hz, 1H), 7.38-7.41 (t, J = 7.0 Hz, 2H), 7.43-7.44 (d, J = 7.0 Hz,
2H), 7.82-7.83 (d, J = 8.5 Hz, 2H); *C NMR (CDCls, 125 MHz): 6 = 21.7, 31.9, 44.4,
120.7, 127.5, 128.2, 129.5, 133.3, 135.4, 144.9, 194.2. MS calcd m/z 249.10, found
250.1 [(M + D)]". Anal. Caled for C;7H;sNO: C, 81.90; H, 6.06; N, 5.62; Found: C,
81.99; H, 6.09; N, 5.68.

4-(furan-2-yl)-4-oxo-2-phenylbutanenitrile (3r)

o}

White solid. m.p. 78-80 °C. '"H NMR (500 MHz, CDCly): § = 3.35-3.40 (m, 1H),
3.56-3.61 (m, 1H), 4.52-4.54 (t, J = 7.5 Hz, 1H), 6.55-6.56 (m, 1H), 7.23-7.26 (d, J =
3.5 Hz, 1H), 7.31-7.34 (t, J = 7.5 Hz, 1H), 7.36-7.42 (m, 4H), 7.58 (s, |H); °C NMR
(CDCls, 125 MHz): 6 = 31.5, 43.9, 112.7, 118.1, 120.4, 127.5, 128.4, 129.3, 135.0,
147.0, 151.8, 183.7. MS caled m/z 225.1 found 226.1 [(M + 1)]". Anal. Calcd for
CsHINO;: C, 74.65; H, 4.92; N, 6.22; Found: C, 74.76; H, 4.94; N, 6.27.

4-oxo0-2-phenyl-4-(thiophen-2-yl)butanenitrile (3s)

o}

White solid. m.p. 91-93 °C. '"H NMR (500 MHz, CDCL): 6 = 3.42-3.47 (m, 1H),
3.63-3.68 (m, 1H), 4.55-4.58 (m, 1H), 7.13-7.14 (t, J = 4.0 Hz, 1H), 7.32-7.35 (m,

SI-9



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2012

Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2012

1H), 7.35-7.41 (m, 2H), 7.42-7.44 (m, 2H), 7.68-7.69 (d, J = 4.0 Hz, 2H); *C NMR

(CDCls, 125 MHz): ¢ = 32.0, 44.9, 120.4, 127.5, 127.5, 129.3, 132.6, 134.8, 135.0,
142.7, 187.4. MS caled m/z 241.0, found 242.0 [(M + 1)]". Anal. Calcd for
CisHiINOS: C, 69.68; H, 4.59; N, 5.80; Found: C, 69.58; H, 4.57; N, 5.72.

4-o0x0-2-phenyl-4-(pyridin-2-yl)butanenitrile (3t)

3t

White solid. m.p. 88-90 °C. '"H NMR (500 MHz, CDCl): § = 3.78-3.83 (m, 1H),
3.98-4.03 (m, 1H), 4.51-4.54 (m, 1H), 7.30-7.34 (m, 1H), 7.37-7.40 (m, 2H),
7.44-745 (m, 2H), 7.49-7.51 (m, 1H), 7.84-7.87 (m, 1H), 8.06-8.08 (m, 1H),
8.64-8.66 (m, 1H); >C NMR (CDCls, 125 MHz): = 31.9, 44.5, 120.5, 127.5, 128.5,
129.2, 134.0, 135.1, 140.5, 193.5. MS calcd m/z 236.0, found 237.0 [(M + 1)]". Anal.
Calcd for CsH;oN,O: C, 76.25; H, 5.12; N, 11.86; Found: C, 76.36; H, 5.15; N,
11.94.
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STANDARD PROTON PARAMETERS 0

Archive directory: sexport/home/ouyy/vnnrsys/data
mple directorys

Pulse Sequence: sZpul

Solvent: CDC13

Ambient temperature

File: c08is

INOVA-500 “NENUSOO™ CN
Relax. delay 1.000 sec

Pulse 45.0 degrees

Acq. time 1.892 sec

Width 8838.8 Hz

ons
OBSERVE M1, 439.8025313 Mhz 3a
DATA PROCESSING

FT 51z¢ 65536

Total time 0 min, 23 sec

[11]

)

—_—0.

: , . o T B LA o
10 9 - D 6 5 . L 3 2 1 -0 ppm
S Sre=o 5 i
R q =<

STAMDARD CARBON PARAMETERS

Archive directory: /exports/home ouyy/vomrsys/data

Sample directory:

Pulse Sequence: s2pul

Solvént: cBdE

g CN
User: 1-14-87

File: coa5s

INOVA-500  "MENUS 00"

Relax. delay 0.500 sec 3
Pulse 45.0 aegrees a
Acq. time 1.300 sec

width 31421.8 Hz

64 repetitions

DBSERVE C13, 125.6754659 Wz

DECOUPLE H1, 499.8051355 WHz

Power 42 dB

cont inuous Iy

on
LTZ-16 modulated - seRg
DATA PROCESSING EPE L
Line broadening 1.5 Hz RN T = B
FT size 131072 2"3::: & =
Total time 2 hr, 3 min, 31 sec R i S
- V-('Ij

120.652
a4.522
—31.860

135.576
135.206

194,618

| (LA i

BT I B T S T

T T T T T T T e T S

T T ¥
220 200 180 160 140 120 100 &0 60 40 20 0 ppm
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STANDARD PROTON PARANETERS (0]

Archive directory: /export/home/Ouyy /vamrsys/data
sample directory

Pulse Sequence: sZpul
Selvent: GOC13
Ambient tenperature
File: c0a3p
TNOVA-S00 mNENUSOO" CN
Relax. delay 1.000 soc
Pulse 45.0 degre:
Acq; time 1,892 sec
widin 857 2 He
B

SERVE T 43 s0z5914 Mz 3b
DATA Pnn:[ssmc.

FT size 65

i i o min, 23 sec

M) [
|
|
A i L
T T I T . b T T T T
9 6 5 4 3 2 1 -0 ppm

3.00¢ ]

1.081
- 1.11

STANDARD CARBON PARAMETERS

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

Pulse S!quencs szpul

Solvent:
Anbient 12-perature

user: " 1-14 0O
File: cO
LNDVA-snn % nenusoon

Relax. delay 0.500 sec
ruise 45.0 degrees
time 1.300 sec
idin APYELE 2
128 repeti
OBSERVE. Cls 135 6754573 mhz N
DECOUPLE N1, 439.B051355 MHZ
Power 42 dB
cant inuousTy o 2
SATETTe oduiated

DATA PROCESSING

77.256
_76.748

Line broadening 1.5 Hz .-
FT size 131072 E==; 3b
Total time 2 hr, 3 min, 31 sec IRS8

SRSy

B

=

133860
132.162

44.534

138.224

184,595
S

_31.463

[ 135.811

. 21.056

—_—

\_120.787

| w.
| HM J | 1

B AR ALEAR A ARARERRANERR S AR EREAS L R

80 60 a0 20 o ppm

Ty AR SENNUESIENI.S S 2SS S AR LR R
T T T T r T

220 200 180 160 140 120 100
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STANDARD FROTON PARAMETERS

Archive directory: sexpart home /ouyy /vnmrsys/data (o)
Sample directory:

Pulse Sequence: s2pul

Solvent: CDC1Z

Anbient temperature

File: d0083

INOVA-500  "NENUSDO"

Relax. delay 1.000 sec CN
Pulse 45.0 degrees cooaw

Acq. time 1.832 sec R

Width 8578.2 Hz b Pt ;

32 repetiti o

OBSERVE

ons e
H1, 499.8025822 WHz Q\ 1L
DATA PROCESSING
FT size 65536

Total time 1 min, 32 sec

7
/

3 FEPH

2ewy 7 B2 8%

REnR 7 e

Sd%e L A
$e%
1]

/
/

—_———  3.531
0.000

. ‘_JJLLJL LU o L

T T T R : o T T
10 9 8 - & 6 5 4 . . 3 2 1 -0 ppm
3 &=:=% @ 2 = 28
4 emid ed = S5 e -
2 st I 2 11
STANDARD CARBON PARAMETERS o

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

Pulse Sequence: s2pul
Solvent: cdc13
Ambient temperature
user:  1-14-87
File: 40100
INGVA-500  "NENUS00" CN
Relax. delay 0.500 sec
Pulse 45.0 degrees
time 1.300 sec OCH3
8 Wz

192 repetitions

OBSERVE €13, 125.6754675 WHz

DECOUPLE H1, 439.5050805 WHz 3c
er az db

Pow
cont { nuous ly on

WALTZ-16 modulated e 3 E
DATA PROCESSING - ~ -
Line broadening 1.5 Hz o aBR
FT size 131072 oo ~a
Total time 2 hr, 3 min, 31 sec a9 ey
28z ==
e=2|l =22
TP
E'Jl§ EER. . 8
glhh 18 < o 3 &
- ‘ s 7 o | 5
H = A i |
= E L ﬁ |
a = w | |
i
11
H
H | !
| | [
| ]
| 1
| J | A W
; e e T : T r T RREREEE R B A R s e ma e S
220 200 180 160 140 120 100 80 60 40 20 [} ppm
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STANDARD PROTON PARAMETERS

ATchive dIrectory: /export/home/ouyy/vnmrsys /data
Sample directory: 0

S

Pulse Sequence: s2pul
Solvent: CDCI3

ient temperature
File: 40230
INOVA-500 “NENUSO0®

Relax. delay 1.000 sec
Pulse 45.0 degrees

Acq. time 1.892 sec .
Width 8201.7 Hz Sie,

8 repetitions Lt CH-O

OBSERVE W1, 499.8025310 WHZ L] 3

DATA PROCESSING L 3d

FT size 65536
Total time 0 min, 23 sec

/=

I
_LLUJ
L - | o
L e L S S | T L L A T T T
10 9 8. 3 5 x 4 3 2 1 -0 ppm
1 T W Ty T
(0]
o
CH;O 3d
1
1
| 1 ]
1 ' i {'
i
1
200 15 1 T 1 1! 140 1. 120 11 E 40 1
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STANDARD PROTON PARAMETERS

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

Pulse Sequence: szpul o}

Solvent: COC13
Ambient temperature
File: do:

210
INOVA-500 "NENUS00"
Relax. delay 1.000 sec
Fulse 45.0 degrees
Acq. time 1.832 sec
Widin 9185 4 Wz d CN
8 repetitions
OBSERVE M1, 499 8025323 WHz
DATA PROCESSING N
FT size 65536 N

s
Total time 0 min, 23 sec

2.809

l 3e

—1.602
0.000

T T T
9 8 Lo - 6 5 4 o 3. 2 1 -1 ppm

e ns & ~ 2 a @ S

5 %20 2 2 a9 H

s o8 4 - < N -

T 27 2z

~ SAR — - i
: ;opEmEE | ome
{1777 BV | B
| O CN E_‘_
1 >y B
I 3e :
:—H
1 1 1 E
_—H
o
| N
1 1 E—“
1 X
:—-:lnu
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STANDARD PROTON PARAMETERS

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

samp1

Pulse Sequence: s2pul

Solvent: COCI3 0]

Ambient temperature

412 "Ga0os CN
INOVA-500  “NENUSO0O"

Relax. delay 1.000 sec e}

Pulse 45.0 degrees

Acg. timé 1.892 sec
Width B578.2 Hz

8 repetitions 3f
OBSERVE W1, 499.8025859 MHz

DATA PROCESSING

FT size

Total time 0 min, 23 sec

5.985

-0.000

——1.585

T T
B .o - 6 5 - a 3 2 1 -0 ppm
& &2 = z E
& e ] o 4
STANDARD CARBON PARAMETERS
Archive directory: /export home/ouyy/vnarsys/data (0]
Sample directory:

Pulse Sequence: s2pul

Solvent: cdcl3
User: 1-14-87

Relax. delay 0.500 sec
Pulse 45.0 degrees
time 1.300 &

320 repetitions

OBSERVE C13, 125.6754651 MHz
DECOUPLE Hi, 4598050905 MHz 3f
Power d|

cont {nuous 1y on

WALTZ-16 modulated

DRTA PROCESSING

Line broadening 1.0 Hz

FT Size 191072

Total time 2 hr, 3 min, 31 sec

133.928
108,757

=" 107.825
101.451
44,534
31.517

194,588

147,636
121.007
Tos

—148.281
o —135.599
- ——

Rt R T T ! - - v T T R
220 200 180 160 140 120 100 80 60 40 20 o ppm
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STANDARD PROTON PARAMETERS

Archive directory: Jexpert/homé/Ouyy/vnarsys/data
Sample girectory: 0

Pulse Sequence: $Zpul

Solvent: COC13

Ambient temperature

File: c01000

INOVA-500 "NENUS®Q"

Rejax. delay 1.000 sec

Pulse 45.0 degrees CN
Acq. time 1.832 sec

width 8578.2 Wz

B repetitiont c

OBSERVE _ H1, 439.8025306 WHZ
DATA PROCESSING
g

FT si H
Total time 0 min, 23 sec 3g

el ETHITe g
] 2 T
‘ﬂ :
I _ R S U
e A s S e e S e B S S
9 8. 7 6 5 - 4 L 3 2 1 -0 ppm
% 3 F Fo
z & 33
1 '

STANDARD CARBON PARAMETERS

Archive directory: /export/home ouyy vpmrsys/data
Sample directory:
Pulse Sequence: szpul o

Solvent: cdcld
Ambient temperature
1-14-8

user: 7

File: c089d

INOVA-500  “NENUS0O™

Relax. delay 0.500 sec

Pulse 45.0 degrees

Acg. time 1.300 sec CN
Widih 31421.8 Hz

128 repetitions

OBSERVE  C13, 125.6754630 MHz

DECOUPLE  H1, 498 8050905 MHz v

£ Cl

—77.256
—76.748

r 42 a e s
continuously on cosBS H
LTZ-16 modulated sRgg=s : 3
DATA PROCESSING k-9 '“:la"ﬂﬂ g
Line broadening 1.5 Hz R
FT size 13: 2,,:.- J
Total time 2 br, 3 min, 31 sec
& w
2o s - =
a8 ol = =
z a5 H’
|
T T e T T e - R RARE R n e e SRR
220 200 180 160 140 120 100 80 60 0 20 (] ppm
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STANDARD PROTON PARAMETERS

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

Pulse Sequence: s2pul
olvent: COC13
+
Files d0194
Iova-500 " “menusoo CN
Relax. delay 1.000 sec
Pulse 45.0 degrees : Cl
Acg. time 1.882 sec
widih 9185.4 Hz

8 repetitions

OBSERVE  H1, 49%.8025904 NHz
DATA PROCESSING

FT size 65536

Total time 0 min, 23 sec

0.000

1.530

SI-18



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2012

Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2012

STANDARD PROTON PARAMETERS

Sample directory:
ulse Sequence: s2pul
A “tomperature
3
INOVA-500  “NENUS0O™
Relax. delay 1.000 sec CN
Pulse 45.0 degrees
Acq. time 1.832 sec
Widih 9567.1 Hz

8 repetitions
OBSERVE H1, 499.8025909 WHz Br
NG

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

DATA PROCESST 3j
FT size 65536
Total time 0 min, 23 sec
o
a5n
i)
<9< -
13 5

—
et T
- %

T
10 L]

é::g
% :
<

122,822
120,198
77.518
77.084
78810
44,243
.44

164.510
12411

/

\

CN
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STANDARD PROTON PARAMETERS 0]

Archive d1rectory: /export/mome/ouyy/vnmfsys /data
Sample directory:

Pulse Sequence: szpul

Solvent: COC1Z

Ambient temperaturs

File: o217

INOVA-500  “NENUS00" CN

8 repetitions 3'
abstRzE e ass . s0zsas iz j
DATA PROCESSING

FT size 65536

Total time 0 min, 23 sec

»
26z - H -
+ 4 5 a H
L T k4
] | |
‘ |
N ki T T T T BN WL T T T T
10 9 & e g & 5 - 4 . 3 w2 1 -0 -1
3 5= 2 = -] 2
g =@ 9 < = -
N » [
z EEE s g
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STANDARD PROTON PARAWETERS
Archive directory: A

export/home fouyy fvimrsys /data
nce: sZpu
o 0C13 OZPd
mbient temperature CN
-
NOvA-S03 MENUSBN
fatar. dalay 1484 fnc

utes 45,0 be
Aca:tins 1058 sec 3k

widtn 13513 nz

it
i ass 8025907 WHz

1.586
0.000

MJJU L L

T T T T T T —r ' ———r——
: 33 % oz ° °z AT 2 gt - men
iz : ek 3

L P 192

104,880
a7
208
282
ﬂ

1297!

12418

123,584

12T

110.580

7.8

77.08

TATTR

-]

84584

O,N
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STANDARD PROTON PARAMETERS

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

sample directory:

Pulse Sequence: s2pul

Solvent: COCI3

il
Ambient temperature

File: 40087

INOVA-500  "NEWUS00"

Relax. delay 1.000

sec

l‘.

8699

/4. 686

\a.672

3.738

—3.663

—1.604

— _1.583

3l

-0.000

NERTI &

s

IBY

~ 1.87]

o

-0 ppm

| STANDARD CARBON PARAWETERS

Archive directory: rexport/home /Ouyy/vnmrsys data

sample directory:

Pulse Sequence: s2pul

Solvent: cdcl3

1
Ambient temperature
ser:  1-14-87

File: aoi04
INDVA-500

HNENUS 00

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

OBSERVE €13, 125.6754675 MHz
DECOUPLE H1, 43318050305 MHZ

Pawer 42 dB
cont i nuous
WALT,

1y en
Z-16 modulated

DATA PROCESSING
Li
FT size 1310

ne_broadening 1.5 Hz
72

Total time 2 hr, 3 min, 31 sec

194.187

—146.800
— 143.100

135,454

—————— 133

128.843

=" 128.085

118.332

—110.808
—————108.215

77.248

—78.741

3l

40,658

25.935

—
2210

T
200
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STANDARD PROTON PARAMETERS 0

Archive directory: sexport/home/ouyy/vnersys/data
Sample directory:

Pulse Sequence: s2pul

Solvent: CDC13
Ambient temperature
File: d

INOVA=500 "“NENUS0O" \ CN
Relax. delay 1.000 sec \ S
3m
'\
I
i
I
. [ S D
I T Ty T T AT A e
: "R
o 3 5
— SHEaN
(0]
1 |
X
=
N CN |
\ S
3m
1
1 -
1
I -
v |
]
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STANDARD PROTON PARAMETERS

Archive directory: /export/home Ouyy/vVamrsys/data
ctory:

sample dire o

Pulte Sequence: s2pu)
Solvent: COC12
Ambient temperature

File: d0360
TNOVA-500  "NENUS0D"
Relax. delay 1.000 sec
Pulse 45.0 degrees

cq. time 1.892 sac
width 9201.7 Hz

5 _repetitions
OBSERVE  H1, 439.8025886 NHz
DATA PROCESSING
FT size 65538
Total time 0 min, 23 sec 3n

_1.808
-0.000

0.90¢
851
1.024
964

ES

— 1058

—1zL 15

CN f-2200

3n

£1 (rpad
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STANDARD PROTON PARAMETERS

Archive directary: /export/hom/ouyy/vnrsys/6ata Br
Samplé directory

Pulse S!quunce szpul

Solvent: COCT

anyemt tomperaturs

File: do103 CN
INOVA-500  "NENUSO0D"

Relax. delay 1,000 sec

A

30

otal 10-. D min, 23 se
by i‘ :
22882, s
RolnERE T
s UG
L
o
2
Tgen i
1
i aitand e
1 i f i le
_l \ l U L .
T, g e - — - - . . .
8 oo 7 6 5 - 4 T 3 2 1 -0 ppm
- B 5 %N
S a s b g 3

STANDARD CARBON PARAMETERS

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

Pulse Seuuence szpul
Sowvent: Br
Ambient t!mperalure
user: 1-14-8
File: d0izs
ThovA-500  mKENUSOO"
Relax. delay 0.500 sec CN
Fulse 450 degress
cq. time 1.300 sec
ain"slaz1 Hz

128 repetition:

obStRVE G135, 135.6754728 WHz
DECOUPLE  H1, 489.8050905 KHZ 30
Power 42
mnunuuus\y

-132. 101
129.485
128.412
“128.324
~127.397

4

Fi ' Size 131
Total time 2 hr, 3 min, 31 sec

77.256

000
76.744

44,408
__31.792

—134.824
“134.218

— _193.664
132,513
\
leu,daa

|

| Lyl \

S ARARNRSASL SEARS R AR RERRANSALLEAEES SRR
60 40 20 ] ppm

B AAA SAARS RS s sanas A AR SRR S
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STANDARD FROTON PARAMETERS

Archive directory: /export/home/uyy/vnmrsys/data
Sample directorys

Pulse Sequence: sZpul
Solvent: CDCI3
Ambient temperature
File: doa1l
INOVA-500  *NENUSOO"

Relax. delay 1.000 sec
Pulse 45.0 degrees'n fymansronnlonay
Acq. time 1,892 seqs

DATA PROCESSING
FT size 65536
Total time 0 min, 23 sec

ey [ T —
10 B e T 3
EE =S
e

2538
an. DYTe0Ruy ]
o88g SR LjLIEE :
L ] L"‘ i
=1J7 ,-U
L ’/ g
+
|
|
|
|
|
\ |
J I Jl\‘._ J
—— e ——— ——re | | .
& - 4 o . 3 2 1 -0 ppm
o Z 3
5 23

2 T =
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Cl
o
3p
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1
A 1
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STAMDARD PROTON PARAMETERS

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

sample directory:

Pulse Sequence: sZpul

Solvent: COC13

Ambient temperature

File: dozsz

INOVA-500  "NENUS00" 0

Relax. delay 1.000 sec
Puise 45.0 degrees -
Acq. time 1.892 sec
Vidth 9201.7 Hz
B repetitions
OBSERVE  H1, 499.8025932 WhZ
DATA PROCESSING CN
FT size 65536
Total time 0 min, 23 sec
o8

3q

2
2
LT = -
kC 5 :
Nl (P
w".i:r =
1
[ J l
T T = .- i S ; y S
10 9 8 . e 7 6 5 4 . - 3 - 4 1 -0 ppm
" £ $3 ]
- Ses s - - m e
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I I 1 =
o) L
]
U
. L.
|
15
10
Il ] L
["' I'I" '} n
I |
! L.
T T T T T T T T T T T T T T T T T T o
19 1 1 1 1! 140 b 120 11 o 0 1



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2012

Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2012

STANDARD PROTON PARAMETERS (@]

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

Pulse Sequence: s2pul

e W

Ambient temperature
File: di
INOVA-500  “NENUSDO CN

Relax. delay 1.000 sec
uls rees

ons
BSERVE 1. 499.8025903 WHz

36
Total time 0 min, 23 sec

4.543
3.613

a.528

\_4.515

1.897

T T 1 T ————

9 8 e 7 - z e 3 2 1 -i ppm
S 822 H 2 %S
ERC 3 g
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[ | | |
o
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3r
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1
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STANDARD PROTON PARAMETERS 0

Archive directory: /export/home/ouyy/vimrsys data
Sampie directory: S

Pulce Sequence: s2pul \ /

Solvent: COC1Z
Ambient temperature
File: doaiz CN

INOVA-500 "“NENUS00*

Relax. delay 1.000 s
Pulse 45.0 degreemic
tine 1.8923&3F

1.575

———0.000

31,00

18741
44,85

(o]
S
l_/
CN
3s
]
Il
1l
1 | 1
I | J L
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STANDARD PROTON PARAMETERS

Archive directory: /export/homesouyy/vnmrsys data
Sample directory:

Pulse Sequence: szpul

A
File: 0435
TNOVA-500° “NENUSOO™

Relax. delay 1.000 sec

/

CN

3t

0,000

T T ) T T T

L“L B S

. r T 1 . SE—
9 o 8 . e 7 6 & 4 3 2 1 -0 ppm
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s & G e ] " oA
L BE ase g g
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