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General methods

Commercially available reagents were used without additional purification, unless otherwise
stated. Sealed tubes (13 x100 mm?) were purchased from Fischer Scientific and dried in oven for
overnight and cooled at room temperature prior to use. Thin layer chromatography was carried
out using plates coated with Kieselgel 60F2s, (Merck). For flash column chromatography, E.
Merck Kieselgel 60 (230-400 mesh) was used. Nuclear magnetic resonance spectra (*H and **C
NMR) were recorded on a Bruker Unity 400, 500 and 700 MHz spectrometer for CDClI;3 and
CD30D solutions and chemical shifts are reported as parts per million (ppm). Resonance patterns
are reported with the notations s (singlet), d (doublet), t (triplet), g (quartet), and m (multiplet). In
addition, the notation br is used to indicate a broad signal. Coupling constants (J) are reported in
hertz (Hz). IR spectra were recorded on a Varian 2000 Infrared spectrophotometer and are
reported as cm™. High-resolution mass spectra (HRMS) were recorded on a JEOL JMS-600

spectrometer.
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Control Experiments (1)

OMe o)

Pd(TFA), (10 mol %) .
CONEt, . H - . No re;c;tlon94(y (1)
y (NH,),S,05 (150 mol %) ecovered 1e (947%)

DCE, 70 °C, 20 h

1e 1.5 equiv.
0 (@]
Above conditions
O
2a No reaction

(Confirmed by "H NMR analysis
of a crude reaction mixture)

As the control experiment for a decarboxylation of a-oxocarboxylic acids followed by a C-H
functionalization of the resulting aldehyde, we examined the coupling of 2-
methoxyphenylacetamide le and benzaldehyde instead of phenylglyoxylic acid (2a) under
standard reaction conditions (Pd(TFA), (10 mol %), (NH,4)2S,0g (1.5 equiv.), DCE (0.3 M)).
However, this reaction did not provide any acylated product and most of starting material 1le was
recovered. Also, phenylglyoxylic acid (2a) was added to standard reaction conditions in the
absence of 2-methoxyphenylacetamide le. As a result, phenylglyoxylic acid (2a) was not
converted to benzaldehyde. Thus it is not possible mechanism that a decarboxylation of a-
oxocarboxylic acids under palladium catalysis can provide the corresponding aldehyde, which

can be inserted to palladacycle intermediate.

OMe
Control Experiments (2)
CONE,
OH
OMe 'e) Ph
Pd(TFA), (1 equiv.)

CONEy, , MeO 2 - 0% >OCH,

H o) DCE, 70 °C, 20 h Not formed

1e 1.5 equiv. +

Recovered 1e (91%)
As the control experiment for a Heck type addition to a C=0 bond of a-oxocarboxylic acids
followed by decarboxylation rather than B-hydride elimination, we examined the coupling of 2-
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methoxyphenylacetamide 1e and methyl benzoylformate, which cannot participate in a
decarboxylation process, in the presence of 1 equiv. of Pd(TFA),, to obtain Heck type addition
compound to a C=0 bond. However, we did not obtain any Heck type addition compound and

most of starting compounds were recovered.
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General procedure for the synthesis of N,N-diethylphenylacetamides 1a—j

To a stirred solution of phenylacetic acids (7.30 mmol, 100 mol %) in anhydrous CH,ClI,
(37 mL) was added SOCI; (11.0 mmol, 150 mol %) at 0 °C under N». The reaction mixture was
stirred for 2 h at 80 °C. After cooling to room temperature, diethylamine (21.9 mmol, 300
mol %) was added to the reaction mixture, which was stirred for 2 h at room temperature. The
reaction mixture was quenched with H,O (50 mL) and the aqueous layer was extracted with
CH.Cl, (50 mL). The organic layer was washed with H,O and brine, dried over MgSQO, and
concentrated in vacuo. The residue was purified by flash column chromatography (n-

hexanes/EtOAC) to afford the corresponding N,N-diethylphenylacetamides.

General procedure for the synthesis of a-oxocarboxylic acids
a-Oxocarboxylic acids were prepared from corresponding aryl methyl ketones with SeO,

and pyridine, according to the reported procedure.!

(1) Wadhwa, K.; Yang, C.-X.; West, P. R.; Deming, K. C.; Chemburkar, S. R.; Reddy, R. E. Synth.
Commun. 2008, 38, 4434.
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Typical procedure for the synthesis of acylation products (3a—j and 4b—j)

To an oven-dried sealed tube charged with N,N-diethyl-2-(2-methoxyphenyl)acetamide (1e)
(66.4 mg, 0.30 mmol, 100 mol %), Pd(TFA), (10 mg, 0.03 mmol, 10 mol %), and (NH,),S,0s
(102.7 mg, 0.45 mmol, 150 mol %) in DCE (1 mL) was added phenylglyoxylic acid (2a) (67.6
mg, 0.45 mmol, 150 mol %). The reaction mixture was allowed to stir for 20 h at 70 °C. The
reaction mixture was diluted with EtOAc (5 mL) and washed with sodium carbonate solution.
The aqueous layer was extracted with EtOAc (10 mL x 3). The combined organic layer was
dried over Mg,SO, and concentrated in vacuo. The residue was purified by flash column
chromatography (n-hexanes/EtOAc = 2:1) to afford the acylated product 3e (69.2 mg) in 71%
yield.
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Characterization data for acylation products (3a—j and 4b—j)

2-(2,6-Dibenzoylphenyl)-N,N-diethylacetamide (3a)
Ph.__0O
CONEt,
o
Ph
Rt = 0.62 (n-hexanes/EtOAc = 1:1); *H NMR (400 MHz, CDCls) & 7.87 (d, J = 8.4 Hz,

4H), 7.55-7.51 (m, 2H), 7.44-7.40 (m, 6H), 7.31 (t, J = 8.3 Hz, 1H), 4.03 (s, 2H), 3.12 (q, J = 7.2
Hz, 2H), 3.07 (g, J = 7.1 Hz, 2H), 0.96 (t, J = 7.2 Hz, 3H), 0.73 (t, J = 7.1 Hz, 3H); *C NMR
(100 MHz, CDCls) 6 198.2, 162.6, 140.7, 137.5, 134.4, 133.1, 130.5, 129.9, 128.3, 125.1, 42.1,
40.6, 33.3, 13.8, 12.7; IR (KBr) v 2976, 2933, 1717, 1665, 1598, 1448, 1381, 1261, 1140, 1037,
921, 853 cm™; HRMS (EI) Calcd for Co6Ho5NO5 [M]* 399.1834, found 399.1833.

2-(2-Benzoylphenyl)-N,N-diethylacetamide (3aa)
Ph.__O

CONEt,

R = 0.41 (n-hexanes/EtOAc = 1:1); *H NMR (500 MHz, CD;0D) & 7.86 (d, J = 7.1 Hz,
2H), 7.69 (t, J = 7.4 Hz, 1H), 7.60-7.55 (m, 3H), 7.47-7.44 (m, 3H), 4.02 (s, 2H), 3.46 (9, J = 7.2
Hz, 2H), 3.34 (q, J = 7.1 Hz, 2H), 1.24 (t, J = 7.2 Hz, 3H), 1.04 (t, J = 7.1 Hz, 3H); *C NMR
(100 MHz, CD30D) § 200.0, 172.1, 139.8, 139.1, 136.8, 134.2, 132.9, 131.9, 131.4, 130.8, 129.5,
127.4, 43.7, 41.9, 38.7, 14.2, 13.1; IR (KBr) v 2973, 2930, 1713, 1642, 1453, 1314, 1271, 1136,
1074, 946 cm™; HRMS (EI) Calcd for C1gH21NO, [M]* 295.1572, found 295.1566.

2-(2,6-Dibenzoyl-4-methoxyphenyl)-N,N-diethylacetamide (3b)
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Ph 0]

CONEt,
o)

MeO
Ph
Rt = 0.55 (n-hexanes/EtOAc = 1:1); *H NMR (500 MHz, CDCl3) 6 7.89 (d, J = 7.4 Hz,
4H), 7.53 (t, J = 7.2 Hz, 2H), 7.44-7.41 (m, 4H), 6.95 (s, 2H), 3.89 (s, 2H), 3.72 (s, 3H), 3.06 (q,
J = 6.7 Hz, 4H), 0.83 (br s, 6H); B3C NMR (125 MHz, CD3;0D) 6 199.3, 171.1, 158.5, 143.3,
138.6, 134.6, 131.5, 129.6, 126.4, 117.3, 56.1, 43.4, 41.9, 33.9, 14.0, 13.1; IR (KBr) v 2974,
2934, 1717, 1666, 1598, 1450, 1333, 1249, 1132, 1018, 925, 862 cm™; HRMS (El) Calcd for

Ca7H27NO4 [M]* 429.1940, found 429.1943.

2-(2-Benzoyl-4-(trifluoromethyl)phenyl)-N,N-diethylacetamide (3c)
Ph.__O

CONEt,
FsC

R = 0.48(n-hexanes/EtOAc = 1:1); *H NMR (500 MHz, CDCl3) 6 7.79 (d, J = 8.1 Hz,
2H), 7.68 (d, J = 8.0 Hz, 1H), 7.57-7.56 (m, 2H), 7.49-7.43 (m, 3H), 3.92 (s, 2H), 3.28-3.23 (m,
4H), 1.12 (br s, 3H), 0.94 (br s, 3H); *C NMR (100 MHz, CD;0D) & 198.2, 171.1, 141.4, 140.7,
138.3, 134.6, 134.1, 131.3, 130.7, 129.6, 129.4, 128.2 (9, Jcr = 3.6 Hz), 126.9 (q, Jc.r = 3.6 Hz),
125.2 (9, Jc.r = 270.2 Hz), 43.6, 41.9, 38.5, 14.2, 13.1; IR (KBr) v 2978, 2935, 1716, 1644, 1451,
1334, 1257, 1173, 1080, 1021, 959, 865 cm™; HRMS (EI) Calcd for CyHzFsNO, [M]*
363.1446, found 363.1431.

2-(2,6-Dibenzoyl-4-fluorophenyl)-N,N-diethylacetamide (3d)
Ph.__O

CONE,

Ph
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R = 0.73 (n-hexanes/EtOAc = 1:1); *H NMR (500 MHz, CDCl3) & 7.90 (d, J = 7.4 Hz,
4H), 7.58 (t, J = 7.2 Hz, 2H), 7.46 (t, J = 7.6 Hz, 4H), 7.16 (d, J = 8.2 Hz, 2H), 3.98 (s, 2H), 3.09
(br s, 4H), 0.96 (br s, 3H), 0.76 (br s, 3H); *C NMR (100 MHz, CD;0D) & 197.9, 170.5, 161.2
(d, Je.r = 247.5 Hz), 144.1 (d, Jc.r = 5.8 Hz), 138.1, 134.9, 131.5, 129.7, 129.4, 118.5 (d, Jc.r =
22.6 Hz), 43.5, 41.9, 34.1, 14.0, 13.1; IR (KBr) v 2781, 1718, 1669, 1597, 1450, 1328, 1252,
1177, 1098, 927 cm™; HRMS (EI) Calcd for CogHosFNO3 [M]* 417.1740, found 417.1737.

2-(2-Benzoyl-4-fluorophenyl)-N,N-diethylacetamide (3dd)
Ph.__O

CONE,
.

Rf = 0.45 (n-hexanes/EtOAC = 1:1); *H NMR (500 MHz, CDCls) § 7.81 (d, J = 7.4 Hz,
4H), 7.58 (t, J = 7.3 Hz, 1H), 7.45 (t, J = 7.7 Hz, 2H), 7.35-7.32 (m, 1H), 7.16-7.14 (m, 1H), 7.05
(dd, J = 8.7, 2.6 Hz, 1H), 3.82 (s, 2H), 3.27 (0, J = 6.9 Hz, 4H), 1.10 (br s, 3H), 0.97 (br s, 3H);
13C NMR (175 MHz, CD;0D) & 198.5, 171.9, 162.2 (d, Jc.r = 245.6 Hz), 141.7, 138.5, 135.1 (d,
Jor = 7.6 Hz), 134.6, 132.8, 131.5, 129.7, 118.4 (d, Jor = 20.7 Hz), 117.4 (d, Jor = 23.5 Hz),
43.7,42.0, 37.9, 14.3, 13.2; IR (KBr) v 2975, 2932, 1743, 1644, 1588, 1484, 1381, 1286, 1177,
1084, 1026, 979, 866 cm™; HRMS (EI) Calcd for C1gHoFNO, [M]* 313.1478, found 313.1490.

2-(2-Benzoyl-6-methoxyphenyl)-N,N-diethylacetamide (3e)
Ph.__0O

CONEt,
OMe
R = 0.34 (n-hexanes/EtOAc = 1:1); *H NMR (400 MHz, CDCl3) § 7.82 (d, J = 7.2 Hz,
2H), 7.48 (t, J = 7.3 Hz, 1H), 7.37 (t, J = 7.8 Hz, 2H), 7.21 (t, J = 8.0 Hz, 1H), 6.96 (d, J = 8.2
Hz, 1H), 6.87 (d, J = 7.6 Hz, 1H), 3.85 (s, 2H), 3.80 (s, 3H), 3.30-3.22 (m, 4H), 1.12 (br s, 3H),
0.91 (br s, 3H); **C NMR (100 MHz, CDCl3) 6 198.5, 169.6, 158.0, 140.5, 137.9, 132.8, 130.5,
128.1, 126.8, 124.5, 121.3, 112.6, 55.8, 42.2, 40.5, 30.1, 14.1, 13.0; IR (KBr) v 2973, 2933, 2838,
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1661, 1580, 1461, 1321, 1278, 1138, 1080, 1040, 984, 854 cm™; HRMS (El) Calcd for
Ca0H23NO3 [M]* 325.1678, found 325.1676.

2-(2-Benzoyl-6-fluorophenyl)-N,N-diethylacetamide (3f)
Ph.__O

CONEt,
E

Rf = 0.59 (n-hexanes/EtOAc = 1:1); *H NMR (400 MHz, CDCls) & 7.82 (d, J = 7.0 Hz,
2H), 7.54 (t, J = 7.4 Hz, 1H), 7.43 (t, J = 7.8 Hz, 2H), 7.25-7.17 (m, 2H), 7.13 (d, J = 7.4 Hz,
1H), 3.93 (s, 2H), 3.33-3.25 (m, 4H), 1.17 (br s, 3H), 0.94 (br s, 3H); *C NMR (100 MHz,
CDCl3) 6 197.3, 168.2, 161.5 (d, Jc.r = 244.8 Hz), 140.8 (d, Jcr = 3.3 Hz), 137.5, 132.9, 130.4,
128.2, 127.2 (d, Jc.r = 8.7 Hz), 125.1 (d, Jcr = 3.1 Hz), 123.3 (d, Jc.r = 16.1 Hz), 117.4 (d, Jc.r
= 23.4 Hz), 42.1, 40.6, 29.3, 14.1, 12.9; IR (KBr) v 2975, 2933, 1662, 1579, 1459, 1318, 1276,
1129, 1074, 922, 848 cm™; HRMS (EI) Calcd for C19H20FNO, [M]* 313.1478, found 313.1478.

2-(2-Benzoyl-6-chlorophenyl)-N,N-diethylacetamide (39)
Ph.__O

CONE,
Cl

R¢ = 0.68 (n-hexanes/EtOAC = 1:1); *H NMR (500 MHz, CDCly) 5 7.84 (d, J = 7.4 Hz,

2H), 7.56-7.50 (m, 2H), 7.42 (t, J = 7.7 Hz, 2H), 7.23-7.20 (m, 2H), 4.06 (s, 2H), 3.32-3.27 (m,

4H), 1.18 (br s, 3H), 0.94 (br s, 3H): *C NMR (175 MHz, CD;0D) & 197.4, 169.1, 141.1, 137.2,

136.3, 133.2, 133.1, 131.1, 130.1, 128.1, 127.4, 127.2, 42.2, 40.5, 33.9, 12.8, 11.7; IR (KBr) v

2975, 2933, 1664, 1596, 1446, 1380, 1271, 1176, 1097, 1027, 971, 852 cm™:; HRMS (EI) Calcd
for C1sH20CINO, [M]* 329.1183, found 329.1181.

2-(2-Benzoyl-6-bromophenyl)-N,N-diethylacetamide (3h)
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Ph __O

CONEt,
Br

Rt = 0.67 (n-hexanes/EtOAc = 1:1); *H NMR (700 MHz, CD30D) 6 7.82-7.80 (m, 3H),
7.64 (t, J=7.4Hz, 1H), 7.49 (t, J = 7.8 Hz, 2H), 7.33-7.29 (m, 2H), 4.12 (s, 2H), 3.42 (9, J=7.1
Hz, 2H), 3.26 (q, J = 7.1 Hz, 2H), 1.21 (t, J = 7.1 Hz, 3H), 0.97 (t, J = 7.1 Hz, 3H); *C NMR
(175 MHz, CD3;0OD) 6 197.4, 168.8, 141.2, 137.1, 134.8, 134.6, 133.2, 130.2, 128.1, 127.9,
127.4,127.3, 42.2, 40.5, 36.7, 12.8, 11.8; IR (KBr) v 2974, 2932, 1662, 1596, 1558, 1433, 1380,
1318, 1269, 1222, 1138, 1109, 1074, 922, 850 cm™; HRMS (EI) Calcd for C1oH2BrNO; [M]"
373.0677, found 373.0679.

2-(2-Benzoyl-5-(trifluoromethyl)phenyl)-N,N-diethylacetamide (3i)
Ph.__O

CONEt,

CF;

Rt = 0.72 (n-hexanes/EtOAc = 1:1); *H NMR (500 MHz, CDCl3) & 7.79 (d, J = 7.7 Hz,
2H), 7.59-7.54 (m, 3H), 7.43 (t, J = 7.8 Hz, 3H), 3.91 (s, 2H), 3.25 (br s, 4H), 1.11 (br s, 3H),
0.94 (br s, 3H); *C NMR (175 MHz, CD;0D) & 198.7, 171.3, 143.6, 138.2 (d, Jc.r = 27.5 Hz),
134.6, 133.2 (d, Jcr = 31.4 Hz), 131.6, 130.9, 129.9 (d, Jc.r = 3.9 Hz), 129.7, 125.2 (q, Jcr =
270.0 Hz), 124.43 (d, Jc.r = 3.7 Hz), 43.8, 42.1, 38.4, 14.3, 13.2; IR (KBr) v 2977, 2935, 1667,
1645, 1598, 1449, 1364, 1287, 1221, 1129, 1077, 1026, 942, 842 cm™; HRMS (EI) Calcd for
C2oH20F3NO, [M]* 363.1446, found 363.1433.

2-(3-Benzoylnaphthalen-2-yl)-N,N-diethylacetamide (3j)
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Ph O

O CONE,

Rt = 0.51 (n-hexanes/EtOAc = 1:1); *H NMR (400 MHz, CDCls) & 7.88-7.75 (m, 7H),
7.56-7.50 (m, 2H), 7.47-7.42 (m, 4H), 4.08 (s, 2H), 3.34 (q, J = 7.2 Hz, 2H), 3.27 (q, J = 7.1 Hz,
2H), 1.18 (t, J = 7.1 Hz, 3H), 0.95 (t, J = 7.1 Hz, 3H); *C NMR (100 MHz, CDCl3) & 198.3,
169.8, 138.2, 136.5, 134.2, 132.7, 132.4, 131.0, 130.6, 130.5, 130.1, 128.3, 128.2, 127.7, 127.4,
126.3, 42.3, 40.4, 38.0, 14.2, 12.9; IR (KBr) v 2975, 2931, 1657, 1590, 1449, 1431, 1380, 1316,
1285, 1212, 1139, 1095, 919, 878 cm™; HRMS (EI) Calcd for C,3H,3NO, [M]* 345.1729, found
345.1730.

N,N-Diethyl-2-(2-methoxy-6-(4-methoxybenzoyl)phenyl)acetamide (4b)
OMe

CONEt,
o)

OMe

R¢ = 0.28 (n-hexanes/EtOAc = 1:1); *H NMR (400 MHz, CDCl3) & 7.78 (d, J = 8.8 Hz,
2H), 7.19 (t, J = 8.0 Hz, 1H), 6.92 (d, J = 8.2 Hz, 1H), 6.82 (d, J = 8.7 Hz, 3H), 3.78 (s, 8H),
3.24 (br s, 4H), 1.01-0.97 (m, 6H); **C NMR (175 MHz, CD;0D) & 199.1, 172.1, 165.7, 159.8,
142.4, 134.2, 133.5, 131.7, 129.2, 128.6, 124.7, 121.8, 116.1, 115.2, 114.8, 113.6, 109.3, 56.4,
56.2, 43.8, 42.0, 31.7, 14.3, 13.4; IR (KBr) v 2973, 2933, 2839, 1653, 1509, 1461, 1380, 1281,
1223, 1159, 1139, 1079, 984, 922, 847 cm™; HRMS (EI) Calcd for Cy1HasNO, [M]* 355.1784,
found 355.1788.

N,N-Diethyl-2-(2-methoxy-6-(3-methoxybenzoyl)phenyl)acetamide (4c)
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OMe

CONEt,
(@)
l OMe

Rt = 0.27 (n-hexanes/EtOAc = 1:1); *"H NMR (500 MHz, CDCls) & 7.41-7.39 (m, 2H),
7.29 (t, J=7.7 Hz, 1H), 7.25 (t, J = 7.7 Hz, 1H), 7.08 (d, J = 8.2 Hz, 1H), 7.00 (d, J = 8.2 Hz,
1H), 6.93 (d, J = 7.6 Hz, 1H), 3.89 (s, 2H), 3.85 (s, 3H), 3.81 (s, 3H), 3.32 (br s, 4H), 1.06 (br s,
6H); *C NMR (175 MHz, CDs;0D) & 199.9, 172.1, 161.2, 159.7, 141.7, 140.6, 130.6, 128.5,
125.2,124.3, 122.4, 120.7, 115.8, 114.1, 56.5, 56.0, 43.7, 42.0, 31.6, 14.3, 14.4; IR (KBr) v 2972,
2936, 2837, 1716, 1660, 1583, 1463, 1433, 1321, 1280, 1220, 1141, 1077, 993, 877 cm™; HRMS
(E1) Calcd for Co1H2sNO4 [M]" 355.1784, found 355.1776.

N,N-Diethyl-2-(2-methoxy-6-(4-(trifluoromethyl)benzoyl)phenyl)acetamide (4d)

OMe

CONEt,
O
l Me

R¢ = 0.35 (n-hexanes/EtOAc = 1:1); *H NMR (500 MHz, CDs0D) & 7.59 (t, J = 8.8 Hz,
2H), 7.41 (d, J = 7.5 Hz, 1H), 7.35-7.32 (m, 2H), 7.15 (d, J = 8.2 Hz, 1H), 6.89 (d, J = 7.6 Hz,
1H), 3.87 (s, 3H), 3.83 (s, 2H), 3.38 (g, J = 7.2 Hz, 2H), 3.24 (q, J = 7.1 Hz, 2H), 2.36 (s, 3H),
1.14 (t, J = 7.2 Hz, 3H), 0.97 (t, J = 7.1 Hz, 3H); *C NMR (100 MHz, CD;0D) & 200.2, 172.0,
159.6, 141.8, 139.5, 139.2, 135.1, 132.0, 129.3, 128.7, 128.4, 125.0, 122.2, 113.9, 56.4, 43.6,
41.9, 31.5, 21.3, 14.2, 13.3; IR (KBr) v 2973, 2934, 2837, 1714, 1647, 1602, 1584, 1462, 1321,
1282, 1259, 1138, 1081, 985, 821 cm™; HRMS (EI) Calcd for Ca1H,sNO3 [M]* 339.1834, found
339.1833.
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N,N-Diethyl-2-(2-methoxy-6-(4-(trifluoromethyl)benzoyl)phenyl)acetamide (4e)
OMe

CONEt,
o)

CF,

Rf = 0.48 (n-hexanes/EtOAc = 1:1); *H NMR (400 MHz, CD;0D) & 7.98 (d, J = 8.1 Hz,
2H), 7.79 (d, J = 8.1 Hz, 2H), 7.37 (t, J = 7.9 Hz, 1H), 7.22 (d, J = 8.3 Hz, 1H), 6.94 (d, J = 7.6
Hz, 1H), 3.96 (s, 2H), 3.90 (s, 3H), 3.46 (q, J = 7.1 Hz, 2H), 3.26 (q, J = 7.1 Hz, 2H), 1.22 (t, J =
7.1 Hz, 3H), 0.98 (t, J = 7.1 Hz, 3H); *C NMR (125 MHz, CDs;0D) & 198.6, 172.0, 159.6,
142.4,140.7, 135.0 (q, Jc.r = 32.2 Hz), 131.9, 128.5, 126.3 (q, Jc.r = 3.8 Hz), 125.5, 125.2 (q, Jc.
£ = 270.0 Hz), 122.5, 114.5, 56.4, 43.6, 30.9, 14.2, 13.2; IR (KBr) v 2975, 2936, 2839, 1719,
1643, 1582, 1463, 1380, 1325, 1278, 1169, 1132, 1065, 986, 947, 862 cm™; HRMS (EI) Calcd
for C1H,,FsNO3 [M]* 393.1552, found 393.1554.

N,N-Diethyl-2-(2-methoxy-6-(3-nitrobenzoyl)phenyl)acetamide (4f)

OMe

CONEt,
o)
i. NO,

Rf = 0.29 (n-hexanes/EtOAC = 1:1); *H NMR (500 MHz, CDCly) & 8.71 (s, 1H), 8.37 (d,
J=8.2Hz, 1H), 8.17 (d, J = 7.7 Hz, 1H), 7.60 (t, J = 8.0 Hz, 1H), 7.28 (t, J = 8.0 Hz, 1H), 7.06
(d, J = 8.2 Hz, 1H), 6.87 (d, J = 7.6 Hz, 1H), 4.01 (s, 2H), 3.87 (s, 3H), 3.33 (br s, 4H), 1.10 (br s,
6H); °C NMR (100 MHz, CDsOD) & 197.3, 172.1, 159.7, 149.6, 140.7, 140.3, 137.1, 130.9,
128.6, 128.2, 125.8, 125.6, 122.5, 114.7, 56.5, 43.7, 41.9, 30.7, 14.3, 13.3; IR (KBr) v 2975,
2935, 2839, 2237, 1581, 1532, 1463, 1380, 1321, 1297, 1273, 1141, 1075, 1000, 913, 827 cm™;

HRMS (EI) Calcd for CpoH22N20s [M]* 370.1529, found 370.1524.
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N,N-Diethyl-2-(2-(3-fluorobenzoyl)-6-methoxyphenyl)acetamide (4g)

OMe

CONE,
o)
L

Rf = 0.38 (n-hexanes/EtOAc = 1:1); *H NMR (500 MHz, CDCls) & 7.62-7.56 (m, 2H),
7.39-7.38 (m, 1H), 7.28-7.22 (m, 2H), 7.01 (d, J = 8.2 Hz, 1H), 6.91 (d, J = 7.7 Hz, 1H), 3.93 (s,
2H), 3.86 (s, 3H), 3.33 (br s, 4H), 1.12 (br s, 6H); *C NMR (100 MHz, CD;0D) & 198.4 (d, Jc.r
= 2.1 Hz), 172.0, 163.6 (d, Jc.r = 244.9 Hz), 159.6, 141.4 (d, Jc.r = 6.2 Hz), 141.0, 131.3 (d, Jc.
= 7.5 Hz), 128.5, 127.6, 127.5, 125.3, 122.3, 121.0 (d, Jc.r = 21.6 Hz), 117.6 (d, Jc.r = 22.5 Hz),
114.3, 56.4, 43.6, 41.9, 31.1, 14.2, 13.3; IR (KBr) v 2973, 2934, 2838, 1718, 1644, 1586, 1440,
1380, 1323, 1272, 1136, 1051, 994, 884 cm™; HRMS (EI) Calcd for CoH2FNO3 [M]* 343.1584,
found 343.1577.

N,N-Diethyl-2-(2-(4-fluorobenzoyl)-6-methoxyphenyl)acetamide (4h)

OMe

CONEt,
o)

F

R = 0.40 (n-hexanes/EtOAc = 1:1); *H NMR (500 MHz, CD;0D) § 7.94-7.91 (m, 2H),
7.39 (t, J = 8.0 Hz, 1H), 7.26-7.21 (m, 3H), 6.95 (d, J = 7.7 Hz, 1H), 3.93 (s, 3H), 3.92 (s, 2H),
3.46 (g, J = 7.2 Hz, 2H), 3.30 (q, J = 7.1 Hz, 2H), 1.23 (t, J = 7.2 Hz, 3H), 1.02 (t, J = 7.1 Hz,
3H); C NMR (175 MHz, CD;OD) & 196.9, 170.6, 165.8 (d, Jc.r = 251.9 Hz), 158.2, 140.0,

134.2, 133.0 (d, Jcr = 9.4 Hz), 127.1, 123.6, 120.6, 114.9 (d, Jc.r = 22.0 Hz), 112.6, 55.0, 42.2,
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40.5, 29.8, 12.5, 11.8; IR (KBr) v 2974, 2935, 2838, 1713, 1644, 1598, 1462, 1380, 1279, 1226,
1153, 1079, 986, 922, 856 cm™; HRMS (El) Calcd for CyH,FNO; [M]" 343.1584, found
343.1584.

2-(2-(4-Chlorobenzoyl)-6-methoxyphenyl)-N,N-diethylacetamide (4i)
OMe

CONEt,
o)

Cl

R = 0.41 (n-hexanes/EtOAc = 1:1); *H NMR (500 MHz, CDs;0D) & 7.87 (d, J = 8.6 Hz,
2H), 7.56 (d, J = 8.6 Hz, 2H), 7.43 (t, J = 8.0 Hz, 1H), 7.26 (d, J = 8.2 Hz, 1H), 6.99 (d, J = 7.6
Hz, 1H), 3.97 (s, 2H), 3.96 (s, 3H), 3.51 (q, J = 7.2 Hz, 2H), 3.34 (q, J = 7.1 Hz, 2H), 1.28 (t, J =
7.2 Hz, 3H), 1.06 (t, J = 7.1 Hz, 3H); **C NMR (175 MHz, CD3;0D) & 197.2, 170.6, 158.2, 139.8,
139.1, 136.2, 131.7, 128.2, 127.1, 123.8, 120.8, 112.6, 54.9, 42.2, 40.5, 29.7, 12.8, 11.8; IR
(KBr) v 2973, 2934, 2837, 1644, 1584, 1462, 1323, 1277, 1138, 1078, 985, 921, 846 cm™;
HRMS (EI) Calcd for CooH2CINO; [M]* 359.1288, found 359.1284.

2-(2-(2-Naphthoyl)-6-methoxyphenyl)-N,N-diethylacetamide (4j)

OMe

R¢ = 0.35 (n-hexanes/EtOAc = 1:1); *H NMR (400 MHz, CDCls) & 8.35 (s, 1H), 8.04 (d,
J = 8.6 Hz, 1H), 7.94-7.87 (m, 3H), 7.61 (t, J = 7.2 Hz, 1H), 7.54 (d, J = 7.2 Hz, 1H), 7.34-7.28
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(m, 1H), 7.07 (d, J = 8.1 Hz, 1H), 7.01 (d, J = 7.6 Hz, 1H), 3.94 (s, 2H), 3.90 (s, 3H), 3.29 (br s,
4H), 1.16-0.93 (m, 6H); *°C NMR (175 MHz, CD;OD) & 200.1, 172.0, 159.8, 142.1, 137.3,
136.4, 134.8, 133.8, 131.0, 130.0, 129.4, 128.9, 128.7, 128.0, 126.0, 125.1, 122.3, 114.0, 56.5,
43.6, 41.9, 31.7, 14.3, 13.3; IR (KBr) v 2972, 2933, 1655, 1581, 1463, 1321, 1238, 1139, 1076,
989, 921 cm'™’; HRMS (EI) Calcd for CasHosNO3 [M]* 375.1834, found 375.1831.
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Experimental procedure and characterization data for the synthesis of 3-

isochromanone 6

N,N-Diethyl-2-(2-(hydroxy(phenyl)methyl)-6-methoxyphenyl)acetamide (5)
OMe

CONEt,
OH

To a stirred solution of 3e (79 mg, 0.243 mmol, 100 mol %) in EtOH (1.2 mL) was added
NaBH, (13.8 mg, 150 mol %) at room temperature. The reaction mixture was stirred for 30 min
at 50 °C, and quenched with a saturated solution of NH,4CI (1.2 mL). The aqueous layer was
extracted with EtOAc (15 mL x 2). The organic layer was washed with H,0, dried over MgSO,
and concentrated in vacuo. The residue was purified by flash column chromatography (n-
hexanes/EtOAc = 1:1) to afford 59.8 mg of 5 in 75% vyield.

Rt = 0.37 (n-hexanes/EtOAc = 1:1); *H NMR (700 MHz, CD;0D) & 7.35-7.31 (m, 4H),
7.26-7.22 (m, 2H), 6.91 (t, J = 8.2 Hz, 2H), 5.96 (s, 1H), 3.86 (d, J = 16.0 Hz, 1H), 3.81 (s, 3H),
3.71 (d, J=16.0 Hz, 1H), 3.51 (q, J = 7.1 Hz, 2H), 3.38 (9, J = 7.1 Hz, 2H), 1.24 (t, J = 7.1 Hz,
3H), 1.11 (t, J = 7.1 Hz, 3H); *C NMR (175 MHz, CD;0D) 5 171.6, 157.8, 144.0, 143.4, 127.8,
127.4,126.8, 126.6, 122.8, 120.1, 109.4, 72.7,54.7, 42.4, 40.7, 29.7, 13.0, 11.9; IR (KBr) v 3270,
2974, 2934, 1615, 1469, 1321, 1264, 1144, 1070, 1038, 949, 859 cm™; HRMS (EI) Calcd for
C2H2sNO3 [M]* 327.1834, found 327.1832.

5-Methoxy-1-phenylisochroman-3-one (6)
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To a stirred solution of 5 (41 mg, 0.161 mmol, 100 mol %) in THF (0.8 mL) was added 1
M HCI (0.8 mL) at room temperature. The reaction mixture was stirred for 12 h at 100 °C, and
quenched with a saturated solution of Na,CO3 (1.2 mL). The aqueous layer was extracted with
EtOAc (10 mL x 2). The organic layer was washed with H,O, dried over MgSO, and
concentrated in vacuo. The residue was purified by flash column chromatography (n-
hexanes/EtOAc = 4:1) to afford 39.3 mg of 6 in 96% vyield.

Rf = 0.36 (n-hexanes/EtOAc = 3:1); *H NMR (700 MHz, CDCls) & 7.41-7.37 (m, 3H),
7.31-7.25 (m, 3H), 6.91 (d, J = 8.2 Hz, 1H), 6.63 (d, J = 7.6 Hz, 1H), 6.41 (s, 1H), 3.89 (s, 3H),
3.79 (d, J = 19.4 Hz, 1H), 3.62 (d, J = 19.4 Hz, 1H); **C NMR (175 MHz, CDCls) 5 170.7, 156.0,
137.5, 135.5, 128.8, 128.7, 128.0, 127.4, 119.0, 118.1, 110.2, 82.0, 55.6, 29.6; IR (KBr) v 2938,
2839, 1740, 1958, 1480, 1367, 1329, 1267, 1230, 1151, 1078, 1015, 974, 845 cm™; HRMS (ED
Calcd for C1H1403 [M]" 254.0943, found 254.0941.

S19



Electronic Supplementary Material (ESI) for Chemical Communications

This journal is © The Royal Society of Chemistry 2013

SpinWorks 3: JH-No.530-13C

- - b
0 o DWWWWWNNN NN B w [l ol
@ @® oNasaWwOoOOWVL®UL NN NO w wN
5 2 T b8g 52 g g3
S W RO D@y N R g =
a - SBOWVNOOD - wow - o ou
LU | | |
NS - . /
Ph___O
CONEt,
(6}
Ph
3a
|
I L \ \ ll | | j H
T T T T T T T T T T T T T T T T T T
PPM 180 160 140 120 100 80 60 40 20
file: ...ator\Hr& 2} B1\SKK_KIS (24)\116C\1\fid expt: <zgpg30> freq. of 0 ppm: 100.612776 MHz
transmitter freq.: 100.622829 MHz processed size: 32768 complex points
time domain size: 65536 points LB: 0.000 GF: 0.0000
width: 24038.46 Hz = 238.8967 ppm = 0.366798 Hz/pt Hz/cm: 845.265 ppm/cm: 8.40033
number of scans: 256
SpinWorks 3: JH-No0.530
SN NN SN N N AN NINUN SIXEEN = A {a Luitid S0.03 L 4 SO9000
B RRRUNNIROSAE R EEEN S S0 388R8 gRLoox
NONNB-DOWONNONWONDAEND i3 WHWUNO D W NAaOWUnN
NUOWNOOQUWANNAROUONBHOAO - NOONNO- & H“NWHWO
Ll LLLLL L] | J AL d L)) )]
B e e = e
Ph. O
CONE,
(0]
Ph
3a
#L_) N ) J& Ji as JU‘
J \ | )
I Y Y AY,
W Noe = P wow
@ & o0 o o o o
@ wwy @ = S =
S onNwe o = S &
ISR A TCE T W RO N W el P e s W T L R o R R R TR
PPM 84 80 76 72 68 64 60 56 52 48 44 40 36 32 28 24 20 16 1.2 08 04

file: ...ator\bt & 2 BI\SKK_KIS (24)\116H\1\fid expt: <2g30>
transmitter freq.: 400.131601 MHz

time domain size: 65536 points

width: 8012.82 Hz = 20.0255 ppm = 0.122266 Hz/pt

number of scans: 16

freq. of 0 ppm: 400.130019 MHz
processed size: 131072 complex points
LB: 0.000 GF: 0.0000

Hz/cm: 143.926 ppm/cm: 0.35970

S20




Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013

SpinWorks 3: JH574M

IS IS B L L0 L W W W W T e
o o Benbabbbwwivl NhNoDO
=3 N WESOOVOITWE FENGED
5] =] WMOIERIRRSHN SocaN
=] 3 MUWRNOINOUNWD LHLUTOS

o
Ph. .0
CONEt,
3aa

| 1
L Iy
5.0 5.5 S I X J -
LG M B s {n g
2828 8 ¥ S 23
® noao o B -

T T 171 T *rrTr-rr-rrrrrrrrr-r-rrrroIr T T T TorT T
PPM 80 76 7.2 68 64 60 56 52 48 44 40 36 32 28 24 20 1.6 1.2 08 0.4
file: ...s\PC\B} & 8} B4\20121109\JH574M.fid\fid block# 1 expt: "s2pul" freq. of O ppm: 499.958943 MHz
transmitter freq.: 499.962585 MHz processed size: 65536 complex points
time domain size: 36372 points LB: 0.000 GF: 0.0000
width: 9611.92 Hz = 19.2253 ppm = 0.264267 Hz/pt Hz/cm: 175.503 ppm/cm: 0.35103
number of scans: 36

SpinWorks 3: JH574M

N -
8 3 2358888858808 i~
S 5 QusNooLOOL B N
g g gegsiegRngssas 89
& @ GEREAZREREZBEES 83
LLJ% ; J;"fﬂ,rr_;éiw‘ !H
T I
Ph (0]
CONEt,
3aa
|
Il ‘
! 1 i I |
I Y I ! T r I Y T T ¥ T ! T ' T E I 2
PPM 200 180 160 140 120 100 80 60 40 20

file: ...gs\PC\HHE BF PI\SKK_KIS (2)\173c\1\fid expt: <zgpg30>
transmitter freq.: 100.622829 MHz

time domain size: 65536 points

width: 24038.46 Hz = 238.8967 ppm = 0.366798 Hz/pt

number of scans: 1024

freq. of 0 ppm: 100.612626 MHz
processed size: 32768 complex points
LB: 0.000 GF: 0.0000

Hz/cm: 874.614  ppm/cm: 8.69200

S21




Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013

SpinWorks 3: JH550-H

NNNNNNNN E wow ww coocooon
D@ inininn S o @ N pe=y DEnnnne
OD@UNIWN BN = I'd o N N VA WWNNN -
WERNUESS 2 8% i BIAGRNLY
e SN

Ph .0
CONEt,
(0]
MeO
Ph
3b
| 1 5 —
g, it ) e A R~
1 | |
VWY | VNS NS s
2 N = N & ®
o N W @ QN a w
2 B3 & 88 g &
T T T

PPM 88 84 80 76 7.2 68 64 60 56 52 48 44 40 36 32 28 24 20 16 1.2 08 04 0.0

file: F:\JH550-H.fid\fid block# 1 expt: "s2pul” freq. of 0 ppm: 499.957031 MHz
transmitter freq.: 499.960210 MHz processed size: 65536 complex points
time domain size: 36372 points LB: 0.000 GF: 0.0000

width: 9611.92 Hz = 19.2254 ppm = 0.264267 Hz/pt Hz/cm: 194.813 ppm/cm: 0.38966

number of scans: 32

SpinWorks 3:
= - - ottt s e -
88 K 8 OBRRESBES S G558855802Y 32
BN 8 2 N2BRINTHE 8 2akopanslg 28
W o @ oNOouUnABYOO @ muugnowawmu s
wwo ~ w HNUONONWN Y = » HHOWWWoohsow ww
§] (L L )] )
N ]SS G|
Ph (0}
CONEt,
(0}
MeO
Ph
3b
| | L] } i | |
1 | Ll Il
T T T T T T T T T T T T T T T T T T T T T T T
PPM 200 180 160 140 120 100 80 60 40 20 0
file: ...strator\U} & 8t2{\SKK_KIS\149¢-1\1\fid expt: <zgpg30> freq. of O ppm: 100.612626 MHz
transmitter freq.: 100.622829 MHz processed size: 32768 complex points
time domain size: 65536 points LB: 0.000 GF: 0.0000
width: 24038.46 Hz = 238.8967 ppm = 0.366798 Hz/pt Hz/cm: 961.538  ppm/cm: 9.55587

number of scans: 1024

S22



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013

SpinWorks 3: JH553-H

NNNNNNNNNNNN w we = o
LU H b S DS o N = O
OO B W N NO NS
GHGB A DL - PnEes S ®
NOO®@NNY =) @N o un
SNy

Ph,_.O

CONEt,

F3C

3c

i,

<ol

=
b

1 .

L e B Y L E— . SR L o S -
J { 4 A =3
Y N N "\‘,/ - — <
RN W ~N ES N
oM B o w a
Q o
8353 g g &
T e e i, T, T el iy (S e |

| . rrr -1 ~1 17T T T T 7T TT 7T
PPM 84 80 76 7.2 68 64 6.0 56 52 48 44 40 36 32 28 24 20 16 1.2 08 04 00

l

freq. of 0 ppm: 499.957029 MHz
processed size: 65536 complex points
LB: 0.000 GF: 0.0000

ppm/cm: 0.38408

file: F1\JH553-H.fid\fid block# 1 expt: "s2pul"
transmitter freq.: 499.960210 MHz

time domain size: 36372 points

width: 9611.92 Hz = 19,2254 ppm = 0.264267 Hz/pt Hz/cm: 192.024
number of scans: 32

-0.4

SpinWorks 3:
I S 550 9
3 2 28s = BREEEERZBOLE RO
N [} BNWOHOWNG H NN N OAWNHODRAWRHOU N
w wu W AOUTA B N B N U= ~N NUHBOWHOOLDUIN =
& g sENggeisiiemsy SRERNREENIEYE Gf
LLLLLL L |t1‘/‘\ | B o e Ll 1) )
[ =§*§E\N7m | lng%r e (
Pl O
CONE,
FsC
3c
” }.l K I ‘ h
|
| | i |
¥ I L I ' I ¥ I z T ' T ¥ [ h I ! I K T T T
PPM 200 180 160 140 120 100 80 60 40 20 0
file: ...strator\bt& 2f OI\SKK_KIS\152c-1\1\fid expt: <zgpg30> freq. of 0 ppm: 100.612626 MHz
transmitter freq.: 100.622829 MHz processed size: 32768 complex points
time domain size: 65536 points LB: 0.000 GF: 0.0000
width: 24038.46 Hz = 238.8967 ppm = 0.366798 Hz/pt Hz/cm: 961.538  ppm/cm: 9.55587

number of scans: 1024

S23



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013

SpinWorks 3: JH550-H

NNNNNNNNNN w w oo
888BREAHTn & 2 23
OWNNNWOWS 0 N (3
wWUuounoUnwWaaN » ~ N
NN (2 |
Ph__O
CONE,
(0}
F
Ph
3d
— - X T TN
\/ VA \/ 83 \//J
R L > By
@ 20 9 2 > o
& Rk B 8 2 3
L | : I T T v I T | T I ! I T T | T T
PPM 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0
file: F1\JH551D-H.fid\fid block# 1 expt: "sZpul" freq. of 0 ppm: 499.957020 MHz
transmitter freq.: 499.960210 MHz processed size: 65536 complex points
time domain size: 36372 points LB: 0.000 GF: 0.0000
width: 9611.92 Hz = 19.2254 ppm = 0.264267 Hz/pt Hz/cm: 208.544 ppm/cm: 0.41712
number of scans: 32
SpinWorks 3:
=5 AN e
32 S RS RARSELIESSSLE oo Bo888888H028 RE
3oy 0 Lo HomboLLONNE D LaBNHORODBDM (=1
-0 v HA UOUNNNNWOUNG o VOOANNBN =NV Hb
N S RENESBRLIISZE 3R 3uSIBdEaesd a2
‘4 | Ll Ll ‘# R‘&IJ_’_L_‘ISIJ__I j
I B e a2 =
Phii -0
CONEt,
(0}
F
Ph
3d
[ l
|
| i |
|
In (] ‘ l ‘ H I H ‘
] T T I ! I ! I T T J T ! I ! I T T ! I '
PPM 200 180 160 140 120 100 80 60 40 20 0

file: ...strator\Ht&! S B1\SKK_KIS\151c-1\1\fid expt: <zgpg30>
transmitter freq.: 100.622829 MHz

time domain size: 65536 points

width: 24038.46 Hz = 238.8967 ppm = 0.366798 Hz/pt

number of scans: 1024

freq. of 0 ppm: 100.612626 MHz
processed size: 32768 complex points
LB: 0.000 GF: 0.0000

Hz/cm: 961.538 ppm/cm: 9.55587

S24



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013

SpinWorks 3: JH551M-H

@2hind sl wvwkwhi-Ho000D
NSEaNLENELNILOQUEE
DO I NN N = U= N B DO
FAEROOUWOONONENBRROO

ovze'e
BEBT'E
S08C'€
9992'€
~ EEST'E

L61IT'T
v8OT'T
20460

\

Ph. O
CONE,
F
3dd
g i t
" S
4 AN LA N/ " M
|l S =) £ > P,
e T T T R R R e e e e P e e e R e S B R I [ Tl I e
PPM 84 80 76 7.2 68 64 60 56 52 48 44 40 36 3.2 28 24 20 16 1.2 08 04 00
file: F:\JH551M-H.fid\fid block# 1 expt: "s2pul” freq. of 0 ppm: 499.957020 MHz
transmitter freq.: 499.960210 MHz processed size: 65536 complex points
time domain size: 36372 points LB: 0.000 GF: 0.0000
width: 9611.92 Hz = 19.2254 ppm = 0.264267 Hz/pt Hz/cm: 186.016 ppm/cm: 0.37206
number of scans: 32
SpinWorks 3: JH-551M_13C
I S5 oo ROGOCLORLEWN a5 W He
o 2 i AR LR S FOI010, 00,003 3 WNN A
n o =t N oD OmALIWORN LihbL No o Wiy
- & N PO®BNWWNOONN NDDG 25 B Lo
@ @ Se DEONCWBAOONS OBAS Jb N i)
© a 1) BLWRNOBORBHNNT = Aam R Qo & ao
\ L LL LY 1)) | |
|\ S [ ¢
Phy. O
CONEt,
F
3dd
: ! . | II t 1l J H | ”
T T T T T T T T T T T T T T T T T T T
PPM 180 160 140 120 100 80 60 40 20

file: ...r1\SU_20121107\13C\JH-551M_13C\fid expt: <zgpg30>
transmitter freq.: 176.166023 MHz

time domain size: 65536 points

width: 41666.67 Hz = 236.5193 ppm = 0.635783 Hz/pt

number of scans: 256

freq. of 0 ppm: 176.148134 MHz
processed size: 32768 complex points
LB: 0.000 GF: 0.0000

Hz/em: 1443.614  ppm/cm: 8.19462

S25




Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013

SpinWorks 3: 132H

= 3 Www  www = o
@D DWWWNNNEDOOED @@ Wi N -~ o
WHEHOROONVAWHONNOO uom QON N =
SEIIRIRONBEIBBLLE v S S
| i ) |
Ph O
CONE,
OMe
3e
[ ’ -
kM k7 #h
L cora S .S U M S ) O =
Y VY W NS Ry
[ o el - 18 s N
Q 20 o ow o= a =}
g 833 88 & S g
L L L D L T L T L T TR R Sl T L s, T T I
PPM 84 80 76 7.2 6.8 64 60 56 52 48 44 40 36 3.2 28 24 20 16 1.2 08 04 0.0
file: ...ttings\PC\H} & 2 BI\SKK_KIS\132H\1\fid expt: <zg30> freq. of 0 ppm: 400.130019 MHz
transmitter freq.: 400.131601 MHz processed size: 131072 complex points
time domain size: 65536 points LB: 0.000 GF: 0.0000
width: 8012.82 Hz = 20.0255 ppm = 0.122266 Hz/pt Hz/cm: 150.062 ppm/cm: 0.37503
number of scans: 16
SpinWorks 3: 132C
- - - e s - o -
® 3 3 SYKEEREN I3 & &3 8 N
o n o i iU W @ o @ N = O
g § & SEREEEEE S &g 5 & 3 82
® B & FERRRENE = oYY & K5 ] &3
Ph O
CONEt,
OMe
3e
il L |
| | | | 1 ] I . I
T T T T T T T T T T T T T T T T T T T T
PPM 200 180 160 140 120 100 80 60 40 20

file: ...ttings\PC\HI & 3 BI\SKK_KIS\132C\1\fid expt: <zgpg30>
transmitter freq.: 100.622829 MHz

time domain size: 65536 points

width: 24038.46 Hz = 238.8967 ppm = 0.366798 Hz/pt

number of scans: 256

freq. of 0 ppm: 100.612769 MHz
processed size: 32768 complex points
LB: 0.000 GF: 0.0000

Hz/cm: 885.345  ppm/cm: 8.79865

S26




Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013

SpinWorks 3:
JH-544-1H
NNNNNNNNNNNNS NNNNNNNNNNNN ww ww pe o
F@@Ehnahnnd R M oo Wi N o
WNHHOANBWWN DB BN BB =00 NNDWN - ww wun AN B
QWOUNOONUVINDOUIED B OPUIA - B - NY @ur = wno o
VO RAONONODODL B MONWNNNOUINN S0 oo = W
1 i L I, | |
P VY I
Ph O
CONEt,
F
3f
“ e
AU M ) S
¥ Y RS Al
» or No ~ » wow
3 VWY NO i=3 - - o
» @® o0 o w w o
N AN OO0 o - w &
R Sl TR S S R S T N L L L L T L . e I L L L
PPM 84 80 76 72 68 64 6.0 56 52 48 44 40 36 32 28 24 20 16 1.2 0.8 0.4
file: ...ettings\aj\Desktop\nmr1\142H\1\fid expt: <zg30> freq. of 0 ppm: 400.130014 MHz
transmitter freq.: 400.131601 MHz processed size: 131072 complex points
time domain size: 65536 points LB: 0.000 GF: 0.0000
width: 8012.82 Hz = 20.0255 ppm = 0.122266 Hz/pt Hz/cm: 144.361 ppm/cm: 0.36078
number of scans: 16
SpinWorks 3: JH544-13C
- e Bk 1t
© a oo AEHRRNONNN N - NN N N e
N @ NS SONNOBNNUTIWL NN SN NS 0o AN
w NSNS POEUNOHBNWNFOWN W woo oy ww =90
w N W OWUNNNNO N QY W O ow gN ow
) u oo VNS WHAHOHO U NOH N =3 ow
v =GR BB K x on SS8w [t o SN
ey JJ 21 | |/
N b e ¢ T ¢
Ph (6}
CONE,
F
3f
!
i
| L l J ] | Il 1 I m
T T T T T T T T T T T T T T T T T T T T T T
PPM 200 180 160 140 120 100 80 60 40 20 0

file: ...ettings\aj\Desktop\nmr1\142C\1\fid expt: <zgpg30>
transmitter freq.: 100.622829 MHz

time domain size: 65536 points

width: 24038.46 Hz = 238.8967 ppm = 0.366798 Hz/pt
number of scans: 256

freq. of 0 ppm: 100.612772 MHz
processed size: 32768 complex points
LB: 0.000 GF: 0.0000

Hz/cm: 961.538 ppm/cm: 9.55587

S27




Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013

SpinWorks 3: JH545

NNNNNNNNNNNNNNNNNN s ww HHEO
ouhnnhuundrdik o Wiy N 0
SRASHYNGRENNEING LS g SN RS
NWUNOOWwWOcOoOUNUOWH O B! ~ NN N®DoH
LLLL \/ %“J‘;‘J | 2 |
L |/ Ig
Ph (0]
CONEt,
Cl
3g

———
U
=

. ¢ T
VWY U L
=St , .

L L I L LA AL L L L LA HLA L AL BN L L | [N B |
PPM 84 80 76 72 68 64 6.0 56 52 48 44 40 36 3.2 28 24 20 16 1.2 08 04 0.0

file: G:\JH545.fid\fid block# 1 expt: "s2pul" freq. of 0 ppm: 499.957020 MHz
transmitter freq.: 499.960210 MHz processed size: 65536 complex points
time domain size: 36372 points LB: 0.000 GF: 0.0000

width: 9611.92 Hz = 19.2254 ppm = 0.264267 Hz/pt Hz/cm: 184.664 ppm/cm: 0.36936

number of scans: 32

SpinWorks 3: JH-545C_13C

E ; AbhALPABABRADLAW -
N iy NNNNNNNNNNDOW N
a =3 bomNNabivno @y
w o NOUNONODRON B ow
by = NN ONWOD® N WD O R
&~ N NNAWOU—OUnmDE @
| : ‘ [
| |
Ph_ O
CONE,
Cl
3g
! |
1 i !
L4 :l } D) - | |
' I ¥ T T T ! T ! T T T ! I ' T T I d |
PPM 180 160 140 120 100 80 60 40 20 0
file: F:\SU_20121108\JH-545_13C\fid expt: <zgpg30> freq. of D ppm: 176.148409 MHz
transmitter freq.: 176.166023 MHz processed size: 32768 complex points
time domain size: 65536 points LB: 0.000 GF: 0.0000
width: 41666.67 Hz = 236.5193 ppm = 0.635783 Hz/pt Hz/cm: 1481.585 ppm/cm; 8.41016

number of scans: 60

S28



Electronic Supplementary Material (ESI) for Chemical Communications

This journal is © The Royal Society of Chemistry 2013

SpinWorks 3: JH-571_1H

- -~
© - DoaBBRWNNNN NN O
S N FENESRIRY NROBYG
w -3 HbWOLLEDL NOONNN
« o NW-HOMAWND HONAWN
PRy
Phy 0O
CONE,
Br
3h
bk . ; . |
| | | |1
Y'°¥ ¥ /
Mok L N NN NN
288 g £8 g 3
& =~ O b o N oA ~N @

L ISR N S LI N AL AR LA (RS SN G CHRL EL R S L T SR T T (L P
PPM 84 80 76 7.2 68 64 60 56 52 48 44 40 36 3.2 28 24 20 16 1.2 0.8 04 00
file: F:\SU_20121108\JH-571_1H\fid expt: <zg930> freq. of 0 ppm: 700.530000 MHz
transmitter freq.: 700.534326 MHz processed size: 65536 complex points
time domain size: 65536 points LB: 0.000 GF: 0.0000
width: 14423.08 Hz = 20.5887 ppm = 0.220079 Hz/pt Hz/cm: 264.638 ppm/cm: 0.37777
number of scans: 16
SpinWorks 3: JH-571_13C

- = e
et o BWWWWWNNNN ARABALBLDDW -
S @ FNERGSHNNN NNNNNNNNSS N
- o N 00 BN s 0B W L OO LW N NN N @
w ~ QW OUOWUNON DABNODUNITWSN S 3=}
w o VO~ WHRUNUIHO NUOW SN O D W o o0
w o NN ONO HAONOOUINUO - wu
. 23N /
i
Ph 0O
CONEt,
Br
3h
| |
| 1
I | [l 1l
I ¥ I 4 T ! I ) I ' T ! T ! I T T T T T T
PPM 180 160 140 120 100 80 60 40 20 0

file: F:\SU_20121108\JH-571_13C\fid expt: <zgpg30>
transmitter freq.: 176.166023 MHz

time domain size: 65536 points

width: 41666.67 Hz = 236.5193 ppm = 0.635783 Hz/pt
number of scans: 72

freq. of 0 ppm: 176.148409 MHz
processed size: 32768 complex points
LB: 0.000 GF: 0.0000

Hz/cm: 1498.326 ppm/cm: 8.50519

S29




Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013

SpinWorks 3: JH554-H

w ww = 0O
el NN = DO
I 28 & wd
~N W W =D
v
Ph. 0O
CONEt,
CF;
3i
N s -
— - B | LS L S . I Y /- . T Srtifpaenty= i, 7A,/\‘-/\,
N N N S e
2w s g N
© o9 o w
B3 g % &

R L U D I S R O ol A T T T ST A W T G W DR
PPM 88 84 80 76 7.2 68 64 60 56 52 48 44 40 36 32 28 24 20 16 1.2 08 04 00
file: F:\JH554-H.fid\fid block# 1 expt: “s2pul" freq. of 0 ppm: 499.957029 MHz
transmitter freq.: 499.960210 MHz processed size: 65536 complex points
time domain size: 36372 points LB: 0.000 GF: 0.0000
width: 9611.92 Hz = 19.2254 ppm = 0.264267 Hz/pt Hz/cm: 192.024 ppm/cm: 0.38408
number of scans: 32
SpinWorks 3: JH-554_13C

- I B R 1

= ~N B WLWLLLONY WN NN N NN HBBBBHD bHH W L

@ = [ S N LOOOODHD WN @ X

N W @ NN D NG B twhkobY 20 & wiv

g g & EEEEmEanaReg GENEEER 22 8 g

o o N NOAWHIN AN ROO aNO=O®n ®Un 2 wwo

| J JJJ 1) L Ll \
| | \NHt = IR \l
Phs O
CONEt,
CF3
3i
|
LWL L
L L.y I
T T T T T T T T T T T T T T T T T T T
PPM 180 160 140 120 100 80 60 40 20

file: ...mri\SU_20121107\13C\JH-554_13C\fid expt: <zgpg30>
transmitter freq.: 176.166023 MHz

time domain size: 65536 points

width: 41666.67 Hz = 236.5193 ppm = 0.635783 Hz/pt

number of scans: 128

freq. of 0 ppm: 176.148135 MHz
processed size: 32768 complex points
LB: 0.000 GF: 0.0000

Hz/cm: 1443.614 ppm/cm: 8.19462

S30




SpinWorks 3: JH-546-1H

Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013

— 1680'v

i
)
Y W Yy
NNw woow
P T L T P N L P L B 5 BN ET BT ST ET BT BT &0k B0 E T
PPM 84 80 76 72 68 64 60 56 52 48 44 40 36 32 28 24 20 16 1.2 08 04
file: ...ettings\aj\Desktop\nmri\143H\1\fid expt: <zg30> freq. of 0 ppm: 400.130019 MHz
transmitter freq.: 400.131601 MHz processed size: 131072 complex points
time domain size: 65536 points LB: 0.000 GF: 0.0000
width: 8012.82 Hz = 20.0255 ppm = 0.122266 Hz/pt Hz/cm: 143.926 ppm/cm: 0.35970
number of scans: 16
SpinWorks 3:
JH-546-13C a e . :
8 2 BRRNRESESBBUNG I35 v8Y Ny
N ) HhaeobolnoWwNND W woo Wi N
N ] OERAWNDO IR SWN o3t Hoa =31
| o o WOODVONONMNDONH W NON ans won
v =l DVWWOHOOWOHHOONW woo wonN @wo
| LLLLLL J J / |
S P2 11
Ph ;0O
O CONEt,
3
’ |
| i
! ! il L] Il
T T T T T T T T T T T T T T T T T T T T
PPM 180 160 140 120 100 80 60 40 20

file: ...ettings\aj\Desktop\nmr1\143C\1\fid expt: <zgpg30>
transmitter freq.: 100.622829 MHz

time domain size: 65536 points

width: 24038.46 Hz = 238.8967 ppm = 0.366798 Hz/pt
number of scans: 256

freq. of 0 ppm: 100.612775 MHz
processed size: 32768 complex points
LB: 0.000 GF: 0.0000

Hz/cm: 845.265 ppm/cm: 8.40033

S31




Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013

SpinWorks 3: JH562

NN NSOV P ] HH e OOOC)
33 Rbhsese 32 B s2ogees
=o NNWE OO ~ e I3 WONN=ON
Hw woNOnnE Nw @ NWAUNO-=
L L (GPENN|
N N |\
OMe
CONEY,
O
OMe
4b
‘H j_,,d‘L | N o~
] | J L )
Yy YW Y & o
B £ BN g = o
N W o 2 N 3
2 8 =3 8 & 3
B N L R Y N N R R RN L RN N N R .
PPM 84 80 76 7.2 68 64 6.0 56 52 48 44 40 3.6 3.2 28 24 20 16 1.2 0.8 04 0.0
file: ...inistrator\tt & 2t SH\X| & \NMR\158H\1\fid expt: <zg30> freq. of 0 ppm: 400.130038 MHz
transmitter freq.: 400.131601 MHz processed size: 131072 complex points
time domain size: 65536 points LB: 0.000 GF: 0.0000
width: 8012.82 Hz = 20.0255 ppm = 0.122266 Hz/pt Hz/cm: 154.595 ppm/cm: 0.38636
number of scans: 16
SpinWorks 3: JH-562_13C
- o e R e e
© N o un BWWWNN NN e O uwn FNEN w [y
© N9 DEWRO0 AN ONRWS aa LN B AW
o o N N WNUONG NN ONOUW BN NO ~ ww
v ~ w u DHOVLEO WN NHNON NS v o NN
g g8 4& PRI 23 TNIE g8 Sy & 32
| 1Ll | 1JJ I
| l ‘ \\71\\| | ‘ k? f/ d l/ | / | ||)
OMe
CONEt,
O
OMe
4b
i | |
! SEEEEIng L
T T T T T T T T T T T T T T T T T T T T T T
PPM 200 180 160 140 120 100 80 60 40 20 0

file: ...mr1\SU_20121107\13C\JH-562_13C\fid expt: <zgpg30>
transmitter freq.: 176.166023 MHz

time domain size: 65536 points

width: 41666.67 Hz = 236.5193 ppm = 0.635783 Hz/pt

number of scans: 136

freq. of O ppm: 176.148135 MHz
processed size: 32768 complex points
LB: 0.000 GF: 0.0000

Hz/em: 1666.667 ppm/cm: 9.46077

S32




SpinWorks 3: JH558-H

Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013

NNNNNNNNNNNNNNNNOOO www w -
Woww w [=4
Bz bS] o
wWwoe - I3
Qowwo o ~
/
OMe
CONE,
O
l OMe
4c
! f i
Ul'-\JLiH T __ . B
VN \/" Secot o
= = 000 N W @
g9 s £ g i
| L L O I O L T . O R o . L N T R
PPM 80 76 72 68 64 60 56 52 48 44 40 36 32 28 24 20 16 1.2 08 04
file: F:\JH558-H.fid\fid block# 1 expt: "s2pul" freq. of 0 ppm: 499.957020 MHz
transmitter freq.: 499.960210 MHz processed size: 65536 complex points
time domain size: 36372 points LB: 0.000 GF: 0.0000
width: 9611.92 Hz = 19.2254 ppm = 0.264267 Hz/pt Hz/cm: 173.244  ppm/cm: 0.34652
number of scans: 32
SpinWorks 3: JH-558_13C
o S a0 N ristel el el el ety CUBABABABAAAL W b
© ® =0 FS  SBAAND LA TNDOLVOVBBWN = 20
3 - NN ~Nu nnnWwa N NO PONWWNHOONNO U1 ww
] o =N W WNOBHN N NOHWORANUNOBN = 1 wo
b 2 28 &%  BLNBRE 8% PR SN 8%
L | | ( i)
A S W | /
OMe
CONEt,
(0}
l OMe
4c
i Il w el | |l ‘ I
T T v I ! I ! I v T T [ : I d T ’ I
PPM 180 160 140 120 100 80 60 40 20

file: ...mr1\SU_20121107\13C\JH-558_13C\fid expt: <zgpg30>
transmitter freq.: 176.166023 MHz

time domain size: 65536 points

width: 41666.67 Hz = 236.5193 ppm = 0.635783 Hz/pt

number of scans: 80

freq. of 0 ppm: 176.148136 MHz
processed size: 32768 complex points
LB: 0.000 GF: 0.0000

Hz/cm: 1434.556  ppm/cm: 8.14321

S33




Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013

SpinWorks 3: JH559

oo o CORNS ST UM LD ), A Qo
88 & 2B EERERBEEERRIUNG GRL898
oun @ nw —\wamgmwowwmbw HNWON N
&N a aun NENOWBANONKO®ON W nNOHO®@
OMe
CONEt,
O
I Me
4d
i ljr
) i B J, AR
0 . | _t*.d‘, . e e VIR e JC
N/ VY Y VYV
~oho o > & e o S
oo @ N ) = o ) o
gEEE 2 g 383 = B
S e s B e B i s N N N B R T TR N N N P N TR [
PPM 84 80 7.6 72 68 64 6.0 56 52 48 44 40 36 3.2 28 24 20 16 12 08 04
file: ... 2181\20121109\JH559-121109.fid\fid block# 1 expt: "s2pul” freq. of 0 ppm: 499.958990 MHz
transmitter freq.: 499.962180 MHz processed size: 65536 complex points
time domain size: 36372 points LB: 0.000 GF: 0.0000
width: 9611.92 Hz = 19.2253 ppm = 0.264267 Hz/pt Hz/cm: 183.871 ppm/cm: 0.36777
number of scans: 32
SpinWorks 3: JH559
3 S I EOLLONSE NN B
g 3 3 S o S S sassasaatE Y N 3R
o o @alobNs Ol o WasNOROWND & [ Y
o o N OONNOWON Eb o QNS NO N o \DN
g g 3 22SRZaGE 2y 2 REAGEREE i B
| ks QY | 0 0 O !
SIS \YSe= Y
OMe
CONEt,
O
l Me
4d
I
! L ranl i
I ! I ¥ I i I p | A T X I ! I A T v | T
PPM 200 180 160 140 120 100 80 60 40 20

file: ...gs\PC\HI & 3t BI\SKK_KIS (2)\172c\1\fid expt: <zgpg30>
transmitter freq.: 100.622829 MHz

time domain size: 65536 points

width: 24038.46 Hz = 238.8967 ppm = 0.366798 Hz/pt

number of scans: 1024

freq. of 0 ppm: 100.612626 MHz
processed size: 32768 complex points
LB: 0.000 GF: 0.0000

Hz/cm: 871.394 ppm/cm: 8.66001

S34




Electronic Supplementary Material (ESI) for Chemical Communications

This journal is © The Royal Society of Chemistry 2013

SpinWorks 3:
NNNNNNNNN OO WWwwWwwWwwwwww OO
o NwwiniN 'gio ipio'a'&'&'a'wi\zhh'g 'rg'r\.v;r:a'cziniu
S3BBRIIBS B8 SRENTHDAIEN HBoRR®
CRRHOEESG NG ANONEHIWA O BETISH
Lt | | BN [J A
SN i (e e
OMe
CONEt,
0}
CF3
de
/
S ) . SRS | W | W | B
/ (U} / )
IR vy vy
= 00 O NN woN
88 88 9 $ 82 S 8
oo w0 w S0 w o v w
| ! I l I ! I T T ’ I d I X I k I T T
PPM 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0
file: ...strator\HH&! 2} PI\SKK_KIS\155h-1\1\fid expt: <zg30> freq. of 0 ppm: 400.130000 MHz
transmitter freq.: 400.131601 MHz processed size: 131072 complex points
time domain size: 65536 points LB: 0.000 GF: 0.0000
width: 8012.82 Hz = 20.0255 ppm = 0.122266 Hz/pt Hz/cm: 175.934  ppm/cm: 0,43969
number of scans: 16
SpinWorks 3:
- - e e e
o ~ UhAWWWW N Lo U AL LLDALDLAW |~
@« N ONOoUUTA A H N » A VOVOLVOVLIDOWHO AW
g 2 Ryavssa N3g 8 & BsuvgRauaLe BR
a5 N ONWAWODOODOHIOD w N HFOUNWNO®UIENNO &g
o - OUINNWWOLANHNON = . UV WOWRUVNNYVARONU aw
| LLLbLl Ll 1
s o o | N ¢
CONEt,
O
CF3
4e
| I
|
| L J| L |
T I T T T T T T T T T T T T T T T T T T T
PPM 200 180 160 140 120 100 80 60 40 20 0
file: ...strator\tt & 2} 2\SKK_KIS\155c-1\1\fid expt: <zgpg30> freq. of 0 ppm: 100.612626 MHz

transmitter freq.: 100.622829 MHz

time domain size: 65536 points

width: 24038.46 Hz = 238.8967 ppm = 0.366798 Hz/pt
number of scans: 1024

processed size: 32768 complex points
LB: 0.000 GF: 0.0000
Hz/cm: 961.538 ppm/cm: 9.55587

S35




Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013

SpinWorks 3: JH561-H

badr o e
g2 g 255
L ad S5
Ix’ —
OMe
CONEt,
(0}
NOZ
4f
. Bl s i W S~ ==
“\/ Y'Y SR “-./ v T —
o oo o = oo £ o
g N3 2 283 g g
IS S w &o ) S
T I ; T ! I ¥ T kS I ! I T T T T T T
PPM 9.0 8.0 7.0 6.0 5.0 3.0 2.0 1.0 0.0
file: F:\JH561-H.fid\fid block# 1 expt: "s2pul" freq. of 0 ppm: 499.957020 MHz
transmitter freq.: 499.960210 MHz processed size: 65536 complex points
time domain size: 36372 points LB: 0.000 GF: 0.0000
width: 9611.92 Hz = 19.2254 ppm = 0.264267 Hz/pt Hz/cm: 204.897 ppm/cm: 0.40983
number of scans: 32
SpinWorks 3:
" - - [ Oy SOy Oy O
3 B8 8 S5USImunN & Fo588258028 RO
[ =3 @ w 0N HrORNODOWOON N
=] a & o Qo o OURBONHOIW N 20
2 § § B EE8vNRES & Jasedscaszy 3
| LL L Lt A
| L
NS A suagll I’
OMe
CONEt,
(6}
NOQ
4f
LU
(il J | J |
! I ! I ! I ' T ' I I ¥ T » I ! I ! I T T
PPM 200 180 160 140 120 100 80 60 40 20 0

file: ...strator\U} & 3PI\SKK_KIS\153c-1\1\fid expt: <zgpg30>
transmitter freq.: 100.622829 MHz

time domain size: 65536 points

width: 24038.46 Hz = 238.8967 ppm = 0.366798 Hz/pt

number of scans: 1024

freq. of 0 ppm: 100.612626 MHz
processed size: 32768 complex points
LB: 0.000 GF: 0.0000

Hz/cm: 961.538  ppm/cm: 9.55587

S36




Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013

SpinWorks 3: JH560-H

ww
o
wo
NO
38

- 8ZEE'E

OMe

CONEt,

S e S
Lh L G
88 g 2
N N <
L L e S e P T e [ o L) B P o P e R i e B I (I T |
PPM 8.0 7. 60 56 52 48 44 40 36 32 28 24 20 16 12 08 04 0.0
file: F:\JH560-H.fid\fid block# 1 expt: "s2pul" freq. of 0 ppm: 499.957020 MHz
transmitter freq.: 499.960210 MHz processed size: 65536 complex points
time domain size: 36372 points L8: 0.000 GF: 0.0000
width: 9611.92 Hz = 19.2254 ppm = 0.264267 Hz/pt Hz/cm: 176.720 ppm/cm: 0.35347
number of scans: 32
SpinWorks 3:
o (oS e, e
jregte] ~ Qo u DBDBWWNNNNNNR - w SBbsbbAaABEDW At
Qo0 . N0, FEESFURES NN RN ECOIS ] B D 0IOWBIOC0I00.09 LB EY DL,
ww o o oy B2 OWWRAONWWHONUY W » OBNODAO WO NN
o - Woo N ao oasaN O N NUNHWUHOOHRWO B
=1 - wuo o WONNWOHBOONWOW®RW W - OB NS U B
o o co® UIP—‘\AK aun- »n o N\IDHOgO\mNU 80
| Bl LGB NN 1
N Lo s | | I/
OMe
CONEt,
(6}
l F
I \Ml |
T T T T ™ T T T T T T T T T T T T T T
PPM 180 160 140 120 100 80 60 40 20

file: ...strator\Ht & 3 BI\SKK_KIS\154¢c-1\1\fid expt: <zgpg30>
transmitter freq.: 100,622829 MHz

time domain size: 65536 points

width: 24038.46 Hz = 238.8967 ppm = 0.366798 Hz/pt

number of scans: 1024

freq. of 0 ppm: 100.612626 MHz
processed size: 32768 complex points
LB: 0.000 GF: 0.0000

Hz/cm: 845.265 ppm/cm; 8.40033

S37




Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013

SpinWorks 3: JH565_575

USSR SIS Yoy e Loy eroded it
YWOOOVWVWOBWWNNNNNN VY @ el NNNOOO
BWNNHEOONUNNANN - o & o N NWNWNO
SEBN - BWINWOON - RS = fg=1 NOEAN®
ELlonondNtencoow oN & oG NGRS
/ v P s
OMe
CONEt,
0}
F
4h
B il 'sh_}l[ I o i y["j.' J ».,\J
y : VoV
= on o o p o NN
wv o @ @ [=] o o @ o
@ ® o @ i<} B = [
S aa o S S © NG
rrr- 11T~ 1cr1 1717 171 rT1r-r-cr-r-1r~17 "7 7T "1 77T 771"
PPM 84 80 76 7.2 68 64 60 56 52 48 44 40 36 3.2 28 24 20 16 1.2 08 04
file: ...C\HFE 2tP1\20121109\IH565_575.fid\fid block# 1 expt: "s2pul" freq. of 0 ppm: 499.958960 MHz
transmitter freq.: 499.962585 MHz processed size: 65536 complex points
time domain size: 36372 points LB: 0.000 GF: 0.0000
width: 9611.92 Hz = 19.2253 ppm = 0.264267 Hz/pt Hz/cm: 183,656 ppm/cm: 0.36734
number of scans: 28
SpinWorks 3: JH-565(575)_13C
- [T o, b b bt et
8 8% 8 S2uK NBBGES 2585558888 ¢ S
e Ve | ol o-0v gmggmm VOXNOBWNNG N @
B NBAO =3 WSO W ~Nu NOQW-ONUNWO @ Wb
) 8R8 8 BYRE I FGRRR BUSSIHELERS S
| | \ -
N R
OMe
CONEt,
(6]
F
4h
| L J d J{
r—— 1 ‘" T " T ‘" T ‘" T T T * T * T T © 1
PPM 200 180 160 140 120 100 80 60 40 20 0

file: F:\SU_20121108\JH565(575)_13C\fid expt: <zgpg30>
transmitter freq.: 176.166023 MHz

time domain size: 65536 points

width: 41666.67 Hz = 236.5193 ppm = 0.635783 Hz/pt
number of scans: 152

freq. of 0 ppm: 176.148409 MHz
processed size: 32768 complex points
LB: 0.000 GF: 0.0000

Hz/cm: 1666.667 ppm/cm: 9.46077

S38




Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013

SpinWorks 3: JH566_576

S200°L
€869

Z006'y

N \I L L
OMe
CONEt,
(0}
Cl
4i
|
— M -'\_:A—-
N/ N N/
[ Lb W
=) ] N
Q » O =W
=1 - O o N
T T T T TT T T T T T T T T T T T T T T T T T T TN T T T
PPM 88 84 80 76 7.2 68 64 60 56 52 48 44 40 36 32 28 24 20 16 1.2 0.8 04 0.0
file: ...C\BHE 21B4\20121109\JH566_576.fid\fid block# 1 expt: "s2pul” freq. of 0 ppm: 499.958941 MHz
transmitter freq.: 499.962585 MHz processed size: 65536 complex points
time domain size: 36372 points LB: 0.000 GF: 0.0000
width: 9611.92 Hz = 19.2253 ppm = 0.264267 Hz/pt Hz/cm: 191.809 ppm/cm: 0.38365
number of scans: 32
SpinWorks 3: JH-566(576) _13C
88 S5 DZUBREEIEOSNUSEERS B ¢ R333A335E3BY SRS
o nin NN O N NN OO NONN @ ) GaliibibE s @y @R
g3 NY BREESDaSURSELERERE 2 § SoiEsndRiay RRE
| g 5 I =
OMe
CONEt,
(0}
Cl
4i
t L suHMl | [ . ”
T T T T T T T T T T T T T T T T T T T T
PPM 200 180 160 140 120 100 80 60 40 20 0

file: F:\SU_20121108\JH566(576)_13C\fid expt: <zgpg30>
transmitter freq.: 176.166023 MHz

time domain size: 65536 points

width: 41666.67 Hz = 236.5193 ppm = 0.635783 Hz/pt
number of scans: 129

freq. of O ppm: 176.148409 MHz
processed size: 32768 complex points
LB: 0.000 GF: 0.0000

Hz/cm: 1547.619 ppm/cm: 8.78500

S39




Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013

SpinWorks 3: JH569

PODDDNNNNNNNNMNNNNNNNNNNNNN ww w HHeoo
WoOoOoOOoOVVVEAMAWILINNUWWWNOODOOD 0o N O - OO
wmmwwbw»—-fwnn—- OB ANOBNODDAOANGD »O ﬁ N=S
VONPOOOUVNSBO NOUWONNS AN DDN o NS
NWAVOOUINHOVORNWIWH D ONOONND DO @ @® BOIONH
LLLLL LAKL%%)'J'JJJ.JJJ” 1) ‘

e R I

OMe

- - » IS o
o9 w o 3 n N
= o = @ o wu wv
R o & © b )

! I ¥ I I ! I v T ! I ! I T T L I k

PPM 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0

file: ...inistrator\Ht £ 32\ XI G \NMR\159H\1\fid expt: <zg30> freq. of 0 ppm: 400.130000 MHz

transmitter freq.: 400.131601 MHz processed size: 131072 complex points

time domain size: 65536 points LB: 0.000 GF: 0.0000

width: 8012.82 Hz = 20.0255 ppm = 0.122266 Hz/pt Hz/cm: 164.393  ppm/cm: 0.41085

number of scans: 16

SpinWorks 3: JH-569_13C

N s o O ——

~ v B W WwWwNIAIN ord v s w [~ ]
o e © NN WOOLE® N W o W £ W
- o ~ ONWHVVODONOOHW WO kS oawv o NN
N v o DRNWO - D 0 el = w N
o v o NOWNOON S N N wu @ o @ xo
N S o = AN ONNWONWOOO = - NG (=) Nw

| | %\‘\k“v/JJ,J» “ | |)
‘ SN | - ‘

OMe

CONEt,
o

| | HMJ‘I |H ‘ IJ

T T T T T T T T T T T

T X T L ! 4 T T
PPM 180 160 140 120 100 80 60 40 20
file: ...mr1\SU_20121107\13C\JH-569_13C\fid expt: <zgpg30> freq. of 0 ppm: 176.148137 MHz
transmitter freq.: 176.166023 MHz processed size: 32768 complex points
time domain size: 65536 points LB: 0.000 GF: 0.0000
width: 41666.67 Hz = 236.5193 ppm = 0.635783 Hz/pt Hz/em: 1415.308  ppm/cm: 8.03394
number of scans: 72

S40




Electronic Supplementary Material (ESI) for Chemical Communications

This journal is © The Royal Society of Chemistry 2013

SpinWorks 3: JH-578-1_1H

NNNNNNNNNN OO w IS W W W W W WW W W W W W et
WwwNDNN oo y %3 D@RNNNNN NS WL W W NIRIAS b et 1t
AVTEVIZERE 859 g & NELE B3 2R eB N2 ettt
DVWNUINDA SO0 WNO N =4 PUOVNNODNONOFO SN NH=0oo
A—_%%ﬁ Y| | \w‘,\ e 4l

OMe
CONEt,
OH
[ 5
|
| l
i (O, S A — S I | | I
A 11 !
A v Y vy
W e £ e NN W
v © =] goo o© o [=3=3
NN @ =1 f0a O 8 22
[N wn w0 =D v ow a
LA AL EL R LA A IR LA NN IR LA ELE LU R ALEN (LI I L DL R |

PPM 7.6 7.2 68 64 60 56 52 48 44 40 36 32 28 24 20 16 1.2 08 04

file: F:\SU_20121108\JH-578-1_1H\fid expt: <zg30> freq. of 0 ppm: 700.530000 MHz

transmitter freq.: 700.534326 MHz processed size: 65536 complex points

time domain size: 65536 points LB: 0.000 GF: 0.0000

width: 14423.08 Hz = 20.5887 ppm = 0.220079 Hz/pt Hzfcm: 230.834 ppm/cm: 0.32951

number of scans: 16

SpinWorks 3: JH-578-1_13C
- - e b -
~ wn &5 NN NN o ~N wnabLLAELALELLE N -
- ~N S NNOO NO w ~N PBNNNNNNNNNO O N
o @ o NWwNe N w N 'g:iobnbokab\'at:hiug @ v
@ w wo U= NW ~N - QCOVOWHONUNE @ NN
o S o @OWON b O b3 @ O=NOONUNWHEONW = @ wn
W ® @ (R I INER- NN ) @ NoJunuNNhde o o
OMe
CONEt,
OH
5

|

|

|

| i
| L Al I
| | -° | L] i

T T T T s T T T T T T T T T T T T T
PPM 180 160 140 120 100 80 60 40 20

file: F:\SU_20121108\JH-578-1_13C\fid expt: <zgpg30>
transmitter freq.: 176.166023 MHz

time domain size: 65536 points

width: 41666.67 Hz = 236.5193 ppm = 0.635783 Hz/pt
number of scans: 49

freq. of 0 ppm: 176.148409 MHz
processed size: 32768 complex points
LB: 0.000 GF: 0.0000

Hz/cm: 1414,621 ppm/cm: B8.03004

S41




Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013

SpinWorks 3: JH578 1H

SO

RENOD

BEawS

SRR&GY

OMe
(0}
9@
[}
il il
Ly | [
Nw o <‘:: =] ‘4"‘ B
88 8 8 2 8% 8
c» N N © ST
LI B T (T A S R T e S T S i L D R L T N T e
PPM 84 80 76 7.2 68 64 60 56 52 48 44 40 36 3.2 28 24 20 16 1.2 08 04

file: F:\SU_20121108\JH578_1H\fid expt: <zg30> freq. of 0 ppm: 700.530000 MHz
transmitter freq.: 700.534326 MHz processed size: 65536 complex points
time domain size: 65536 points LB: 0.000 GF; 0.0000

width: 14423.08 Hz = 20.5887 ppm = 0.220079 Hz/pt Hz/cm: 247.422 ppm/cm;: 0.35319

number of scans: 16

SpinWorks 3: JH578_13C

- - itk e - e

~ 17 GORNNS [otoui o NNN n ™

o = NunmoooN wx o = NN w o

N =3 S2hoNOR o= N o No @ @

3 = SROWmW =S = 9 Jen ) o

(=] w O BN o~ - N O oOasN e o

=l @ ONNOHW @ ~N @ NWwo ~ -

N L
OMe
(0}
O (0]
]
| |
|
[ | | |
| | | It i | | I
$ I L T ¥ T 7 I ' I ! T ! T T I T T T

PPM 180 160 140 120 100 80 60 40 20 0
file: F1\SU_20121108\JH578_13C\fid expt: <zgpg30= freq. of 0 ppm: 176.148409 MHz
transmitter freq.: 176.166023 MHz processed size: 32768 complex points
time domain size: 65536 paints LB: 0.000 GF: 0.0000
width: 41666.67 Hz = 236.5193 ppm = 0.635783 Hz/pt Hzfcm: 1424.851 ppm/cm: 8.08812

number of scans: 36

S42



