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General synthetic procedure for the preparation of 6a-6s

All the reactions were carried out in a round bottom flask equipped with a magnetic stirrer. In a typical
reaction a solution of ketone (1 mmol), 1,3-diketoneone (1 mmol), aldehyde (1 mmol), and ammonium
carbonate (1.2 mmol) in water (2 ml) were stirred at room temperature till completion using 2 mmol 30%
aqueous H,0, in presence of 40 mg of silica-HPF; catalyst. The completion of the reaction was indicated
by the disappearance of the starting material in thin layer chromatography. After completion of the reaction
the crude product was taken in dichloromethane and filtered to separate the products as filtrate from the
catalyst (residue). The solvent was evaporated in rotary evaporator and the crude product was further
purified by silica gel column chromatography (15% ethyl acetate/85% petroleum ether). The products were
characterized by IR, '"H NMR, "NMR, CHN and X-ray single crystal analysis. The spectral and analytical

data of all the novel fully oxidized pyridine compounds are given below.
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Spectroscopic characterization for 6a-6s

OMe
7,8-dihydro-2-(4-methoxyphenyl)-7,7-dimethyl-4-(4-nitrophenyl)quinolin-5(6H)-one (6a):

White solid, mp 182-184 °C (CH,CI, + EtOAc, equal volumes); IR vy, (KBr) 3430, 3050, 2957, 2872,
1686, 1573, and 1530 cm™; 'H NMR (300 MHz, CDCl;) &: 8.22 (2H, d, J = 8.7 Hz), 8.01 2H, d, J = 8.7
Hz), 7.36-7.34 (3H, m), 6.95 (2H, d, J = 9.0 Hz), 3.81 (3H, s), 3.18 (2H, s), 2.47 (2H, s), 1.10 (6H, s); °C
NMR (75 MHz, CDCl;) &: 196.6, 163.2, 162.3, 158.7, 150.9, 147.5, 146.9, 129.7, 128.7, 123.3, 123.0,
120.9, 114.6, 55.5, 53.4, 46.5, 32.6, 28.2; Anal. Calcd for C4H,,N,04: C, 71.63; H, 5.51; N, 6.96. Found C,
71.92; H, 5.60; N, 7.01.

NO,

OMe
7,8-dihydro-2-(4-methoxyphenyl)-7,7-dimethyl-4-(3-nitrophenyl)quinolin-5(6H)-one (6b):

White solid, mp156-158 °C (CH,Cl, + EtOAc, equal volumes); IR vy, (KBr) 3432, 3052, 2957, 2872,
1686, 1576, and 1535 cm™; '"H NMR (300 MHz, CDCl5) &: 8.17-8.03 (4H, m), 7.51 (2H, br s), 7.37 (1H,
m), 6.92 (2H, br s), 3.83-3.75 (3H, m), 3.20 (2H, s), 2.46 (2H, s), 1.00 (6H, s); °C NMR (75 MHz, CDCl;)
8:197.3, 163.7, 162.0, 159.3, 149.8, 148.0, 142.1, 140.8, 134.3, 131.0, 129.4, 128.8, 124.6, 124.4, 122.9,
122.7, 122.0, 120.8, 114.5, 114.1, 55.6, 53.6, 47.4, 32.6, 28.3; Anal. Calcd for C,4H»nN,0,: C, 71.63; H,

5.51; N, 6.96. Found C, 71.82; H, 5.45; N, 6.78.
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2-(9H-fluoren-2-yl)-7,8-dihydro-4-(4-methoxyphenyl)-7,7-dimethylquinolin-5(6H)-one (6¢):

Yellowish white solid, mp140-142 °C (CH,Cl, + EtOAc, equal volumes); IR vpay (KBr) 3430, 3050, 2957,
2872, 1686, 1573, and 1530 cm™; '"H NMR (300 MHz, CDCl;) §: 8.29 (1H, s), 8.08 (1H, d, J = 7.8 Hz),
7.85 (2H, q, J = 8.1 Hz), 7.57-7.55 (2H, m), 7.53 (1H, s), 7.41-7.36 (2H, m), 7.26 (2H, d, ] = 8.4 Hz), 6.96
(2H, d, T = 8.4 Hz), 3.96 (2H, s), 3.85 (3H, s), 3.19 (2H, s), 2.55 (2H, s), 1.16 (6H, br s); *C NMR (75
MHz, CDCl,) &: 197.8,163.5, 159.6, 159.3, 152.2, 144.1, 143.9, 143.7, 141.1, 136.4, 132.5, 129.4, 127 .4,
127.0, 126.5, 125.2, 124.2, 123.8, 122.0, 120.5, 120.2, 113.6, 55.3, 54.0, 47.7, 37.0, 32.6, 28.3; Anal. Calcd

for C3;H,7NO,: C, 83.57; H, 6.11; N, 3.14. Found C, 83.26; H, 6.01; N, 3.34.

4-(4-chlorophenyl)-2-(9H-fluoren-2-yl)-7,8-dihydro-7,7-dimethylquinolin-5(6 H)-one (6d):

Yellowish white solid, mp 180-182 °C (CH,Cl, + EtOAc, equal volumes); IR vy, (KBr) 3424, 3050, 2957,
2872, 1686, 1573, and 1530 cm™'; 'H NMR (300 MHz, CDCls) &: 8.32 (1H, s), 8.10 (1H, d, J = 7.8 Hz),
7.85 (2H, t, J = 8.1 Hz), 7.58 (1H, d, J = 6.9 Hz), 7.53 (1H, s), 7.44-7.33 (4H, m), 7.25 (2H, dd, J = 6.6 Hz
and J = 1.8 Hz), 3.98 (2H, s), 3.23 (2H, s), 2.56 (2H, s), 1.19 (6H, br s); °C NMR (75 MHz, CDCl;) &:

197.6, 163.6, 159.6, 150.9, 144.0, 143.9, 143.7, 140.9, 138.9, 136.3, 133.8,129.2, 128.2, 127.4, 126.9,
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126.4, 125.1, 124.0, 123.4, 121.4, 120.4, 120.1, 53.7, 47.7, 36.9, 32.5, 28.2; Anal. Calcd for C;,H,,CINO:

C, 80.08; H, 5.38; N, 3.11. Found C, 80.30; H, 5.38; N, 3.19.

4-(4-bromophenyl)-2-(9H-fluoren-2-yl)-7,8-dihydro-7,7-dimethylquinolin-5(6H)-one (6e):

Yellowish white solid, mp 192-194 °C (CH,Cl, + EtOAc, equal volumes); IR vy, (KBr) 3424, 3051, 2954,
2872, 1689, 1573, and 1526 cm™; 'H NMR (300 MHz, CDCl5) &: 8.30 (1H, s), 8.09 (1H, d, J = 7.8 Hz),
7.86 (2H, t, J = 8.7 Hz), 7.58 (1H, d, ] = 7.2 Hz), 7.53 (1H, s), 7.42-7.35 (4H, m), 7.23 (2H, d, J = 8.7 Hz),
3.98 (2H, s), 3.22 (2H, s), 2.55 (2H, s), 1.17 (6H, br s); °C NMR (75 MHz, CDCl;) §: 197.4, 163.4, 159.4,
144.2,144.0, 140.1, 138.7, 134.1, 129.3, 128.4, 127.6, 127.0, 126.8, 125.2, 124.5, 123.7, 122.1, 120.6,
120.3, 53.8, 47.3, 37.1, 32.7, 28.3; Anal. Calcd for C;0H»,BrNO: C, 72.88; H, 4.89; N, 2.83. Found C,
72.90; H, 4.98; N, 2.99.

NO,

2-(9H-fluoren-2-yl)-7,8-dihydro-7,7-dimethyl-4-(3-nitrophenyl)quinolin-5(6 H)-one (6f):

Yellowish white solid, mp 190-192 °C (CH,Cl, + EtOAc, equal volumes); IR vy, (KBr) 3432, 3059, 2946,
2872, 1680, 1574, 1524, and 1346 cm™; 'H NMR (300 MHz, CDCl;) &: 8.32 (1H, s), 8.27 (1H, d, J = 8.1
Hz), 8.10 (1H, d, J = 8.1 Hz), 7.99 (1H, s), 7.85 (2H, t, ] = 8.1 Hz), 7.67-7.57 (3H, m), 7.53 (1H, s), 7.41-
7.35 (2H, m), 4.03 (2H, s), 3.25 (2H, s), 2.56 (2H, s), 1.19 (6H, br s); °C NMR (75 MHz, CDCl) &: 197.6,

164.0, 158.2, 149.5, 148.7, 144.0, 143.4, 142.7, 140.8, 135.4, 134.2, 133.7, 129.0, 127.3, 127.0, 125.1,

5
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124.0, 122.8, 122.0, 121.2, 120.2, 53.5, 47.7, 37.1, 32.6, 28.2; Anal. Calcd for C;0H,4N,O5: C, 78.24; H,

5.25; N, 6.08. Found C, 78.24; H, 5.25; N, 6.08.

4-(4-Bromo-phenyl)-3,7,7-trimethyl-2-phenyl-7,8-dihydro-6H-quinolin-5-one (6g):

White solid, mp 142-144 °C (CH,Cl, + EtOAc, equal volumes); IR v, (KBr) 3421, 3061, 2954, 2872,
1689, 1569, and 1525 cm™; 'H NMR (300 MHz, CDCl;) &: 8.01-7.84 (7H, m), 7.40 (2H, d, J = 8.1 Hz),
3.56 (2H, s), 2.89 (2H, s), 2.36 (3H, s), 1.55 (6H, s); °C NMR (75 MHz, CDCl;) &: 197.8, 162.4, 159.7,
150.7, 139.7, 138.5, 131.7, 129.1, 128.9, 128.8, 128.4, 124.0, 121.3, 53.9, 47.0, 32.6, 28.3, 17.7; Anal.

Calcd for Co4H,,BrNO: C, 68.58; H, 5.28; N, 3.33. Found C, 68.30; H, 5.28; N, 3.53.

4-(5,6,7,8-tetrahydro-3,7,7-trimethyl-5-oxo-2-phenylquinolin-4-yl)benzonitrile (6h):

Yellow solid, mp 152-154 °C (CH,Cl, + EtOAc, equal volumes); IR vy, (KBr) 3428, 3051, 2945, 2872,
1684, 1574, 1530, and 1345 cm™; "H NMR (300 MHz, CDCL;) : 7.72 (2H, d, J = 7.8 Hz), 7.52-7.42 (5H,
m), 7.19 (2H, d, J = 7.8 Hz), 3.16 (2H, s), 2.44 (2H, s), 1.89 (3H, s), 1.11 (6H, s); *C NMR (75 MHz,
CDCly) 6: 197.9, 162.9, 160.1, 149.6, 145.1, 139.7, 132.3, 129.0, 128.9, 128.5, 128.3, 128.1, 123.4, 118.9,
111.1, 53.7, 47.1, 28.2, 17.6; Anal. Calcd for CysH»,pN,O: C, 81.94; H, 6.05; N, 7.64. Found C, 82.20; H,

6.15; N, 7.44.
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3,7,7-Trimethyl-4-(4-nitro-phenyl)-2-phenyl-7,8-dihydro-6H-quinolin-5-one (6i):

Yellowish white solid, mp 172-174 °C (CH,Cl, + EtOAc, equal volumes); IR v, (KBr) 3434, 3044, 2946,
2871, 1680, 1574, 1530, and 1353 cm™; "H NMR (300 MHz, CDCl;) &: 8.30 (2H, d, J = 8.7 Hz), 7.54-7.41
(5H, m), 7.25 (2H, d, T = 9.3 Hz), 3.15 (2H, s), 2.45 (2H, s), 1.90 (3H, s), 1.11 (6H, s); *C NMR (75 MHz,
CDCl) 6: 197.5, 162.5, 159.9, 149.8, 147.1, 146.8, 138.8, 129.1, 129.0, 128.6, 128.4, 128.1, 123.8, 123.6,

53.6, 46.6, 32.6, 28.1, 17.5; Anal. Calcd for C,4H,,N,O5: C, 74.59; H, 5.74; N, 7.25. Found C, 74.59; H,

5.80; N, 7.45.

NO,

7,8-dihydro-3,7,7-trimethyl-4-(3-nitrophenyl)-2-phenylquinolin-5(6H)-one (6j):

Yellowish white solid, mp 162-164 °C (CH,Cl, + EtOAc, equal volumes); IR v, (KBr) 3427, 3051, 2945,
2872, 1680, 1574, 1530, and 1349 cm™; "H NMR (300 MHz, CDCl3) &: 8.27 (1H, d, J = 8.4 Hz), 7.99 (1H,
s), 7.64 (1H, t, ] = 7.8 Hz), 7.56-7.44 (6H, m), 3.16 (2H, s), 2.48 (2H, s), 1.95 (3H, s), 1.13 (6H, br s); °C
NMR (75 MHz, CDCl;) &: 197.6, 162.7, 160.0, 149.3, 148.5, 141.2, 139.1, 133.5, 129.4, 129.0, 128.8,
128.4, 123.8, 122.3, 53.7, 46.8, 32.6, 28.4, 28.1, 17.7; Anal. Calcd for C,4H,N,0;5: C, 74.59; H, 5.74; N,

7.25. Found C, 74.89; H, 5.84; N, 7.25.
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Cl
2-(4-chlorophenyl)-7,8-dihydro-7,7-dimethyl-4-(4-nitrophenyl)quinolin-5(6H)-one (6k):

White solid, mp 186-188°C (CH,Cl, + EtOAc, equal volumes); IR vy, (KBr) 3430, 3048, 2946, 2871,
1680, 1574, 1530, and 1335 em™; 'TH NMR (300 MHz, CDCl;) 8: 8.28 (2H, d, ] = 8.4 Hz), 8.04 (2H, d, ] =
8.4 Hz), 7.51-7.40 (5H, m), 3.22 (2H, s), 2.57 (2H, s), 1.17 (6H, s); >C NMR (75 MHz, CDCl) &: 197.5,
164.0, 158.6, 150.0, 147.4, 136.8, 136.0, 129.2, 129.1, 128.8, 128.7, 123.4, 120.7, 53.5, 47.6, 32.7, 28.3;
Anal. Calcd for C»3H;oCIN,O;: C, 67.90; H, 4.71; N, 6.89. Found C, 68.04; H, 4.71; N, 6.71.

NO,

Cl
2-(4-chlorophenyl)-7,8-dihydro-7,7-dimethyl-4-(3-nitrophenyl)quinolin-5(6H)-one (61):

Yellowish white solid, mp 152-154 °C (CH,Cl, + EtOAc, equal volumes); IR v, (KBr) 3424, 3051, 2954,
2872, 1681, 1572, and 1525 cm™; 'H NMR (300 MHz, CDCl3) &: 8.30-8.27 (1H, m), 8.15 (1H, s), 8.05
(2H, d, ] = 8.4 Hz), 7.61-7.59 (2H, m), 7.50-7.47 (3H, m), 3.28 (2H, s), 2.56 (2H, s), 1.17 (6H, s); *C NMR
(75 MHz, CDCL) 8: 197.5, 164.0, 158.6, 149.8, 148.0, 141.9, 136.9, 135.9, 134.1, 129.2, 128.9, 123.5,
122.9, 121.2, 53.6, 47.6, 32.7, 28.3; Anal. Calcd for C,3HoCIN,O;: C, 67.90; H, 4.71; N, 6.89. Found C,
67.99; H, 4.81; N, 6.80.

NO,
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7,8-dihydro-7,7-dimethyl-4-(3-nitrophenyl)-2-(4-nitrophenyl)quinolin-5(6H)-one (6m):

Yellowi solid, mp 182-184 °C (CH,Cl, + EtOAc, equal volumes); IR vy, (KBr) 3427, 3051, 2945, 2872,
1680, 1574, 1530, and 1349 cm™; '"H NMR (300 MHz, CDCl;) §: 8.36-8.26 (5H, m), 8.15 (1H, s), 7.65-
7.58 (3H, m), 3.26 (2H, s), 2.58 (2H, s), 1.19 (6H, s); >C NMR (75 MHz, CDCl;) &: 197.9, 164.7, 157.5,
150.4, 149.3, 148.5, 143.9, 143.8, 141.9, 134.9, 134.4, 130.7, 130.0, 129.5, 128.8, 125.7, 124.7, 124.5,
124.2,123.4, 123.3, 123.0, 122.4, 54.0, 48.1, 33.1, 28.7; Anal. Calcd for C,3H;oN;0s: C, 66.18; H, 4.59; N,

10.07. Found C, 66.48; H, 4.59; N, 10.17.

OMe
4-(4-chlorophenyl)-7,8-dihydro-2-(4-methoxyphenyl)-7,7-dimethylquinolin-5(6H)-one (6n):

White solid, mp 122-124 °C (CH,Cl, + EtOAc, equal volumes); IR vy, (KBr) 3424, 3058, 2945, 1680,
1574, 1530, 1346 and 1259cm™; 'H NMR (300 MHz, CDCl3) &: 8.05 (2H, d, J = 9.0 Hz), 8.15 (1H, s),
7.40-7.37 (3H, m), 7.21 (2H, d, ] = 8.4 Hz), 7.00 (2H, d, J 8.7 Hz), 3.87 (3H, s), 3.18 (2H, s), 2.53 (2H, s),
1.56 (6H, s); >C NMR (75 MHz, CDCL;) &: 197.6, 163.6, 161.6, 160.0, 151.1, 138.9, 133.9, 130.9, 129.5,
129.3,129.1, 128.3, 123.1, 120.9, 114.4, 113.9, 55.5, 53.8, 47.6, 32.6, 28.3; Anal. Calcd for Cy;H»,CINO,:

C, 73.56; H, 5.66; N, 3.57. Found C, 73.85; H, 5.66; N, 3.80.

7,8-dihydro-7,7-dimethyl-4-(3-nitrophenyl)-2-(thiophen-2-yl)quinolin-5(6H)-one (60):
Yellowish white solid, mp 202-204 °C (CH,Cl, + EtOAc, equal volumes); IR v, (KBr) 3427, 3051, 2945,
2872, 1680, 1574, 1530, and 1346 cm™; "H NMR (300 MHz, CDCl;) &: 8.28-8.24 (1H, m), 8.13 (1H, s),

7.69 (1H, d, J = 3.6 Hz), 7.61-7.51 (3H, m), 7.37 (1H, s), 7.14 (1H, t, ] = 4.8 Hz), 3.16 (2H, 5), 2.51 (2H, s),
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1.15 (6H, br s) ; Anal. Calcd for C,;HsN,O;S: C, 66.65; H, 4.79; N, 7.40. Found C, 67.01; H, 4.78; N,

7.22.

7,8-dihydro-7,7-dimethyl-4-(4-nitrophenyl)-2-(thiophen-2-yl)quinolin-5(6H)-one (6p):

Yellowish white solid, mp 198-200 °C (CH,Cl, + EtOAc, equal volumes); IR vy, (KBr) 3423, 3059, 2945,
2872, 1680, 1574, 1530, 1346 and 1259 cm™; "H NMR (300 MHz, CDCl) &: 8.27 (2H, d, J = 8.7 Hz), 7.69
(1H,d,J=3.3 Hz), 7.52 (1H, d, ] = 4.8, Hz), 7.40 (2H, d, ] = 8.7 Hz), 7.34 (1H, s), 7.14 (1H, t, ] = 4.4 Hz),
3.16 (2H, s), 2.51 (2H, s), 1.15 (6H, br s); Anal. Caled for C,;HsN,OsS: C, 66.65; H, 4.79; N, 7.40. Found

C, 66.65; H, 4.94; N, 7.41.

4-(4-chlorophenyl)-7,8-dihydro-7,7-dimethyl-2-(thiophen-2-yl)quinolin-5(6H)-one (6q):

Yellowish white solid, mp 172-174 °C (CH,Cl, + EtOAc, equal volumes); IR v, (KBr) 3432, 3050, 2957,
2872, 1686, 1573, 1523 and 1347 cm™'; 'H NMR (300 MHz, CDCl;) &: 7.66 (1H, d, J = 5.1 Hz), 7.48 (1H,
d,J=5.1Hz),7.37 (2H, d, J = 9.0, Hz), 7.33 (1H, s), 7.18 (2H, d, ] = 9.0 Hz), 7.11 (1H, t, ] = 5.0 Hz), 3.12
(2H, s), 2.49 (2H, s), 1.10 (6H, br s); °C NMR (75 MHz, CDCLy) &: 197.3,163.9, 154.4, 150.9, 143.5,
138.6, 133.9,129.9, 129.1, 128.4, 128.2, 126.8, 123.4, 119.7, 53.6, 47.4, 32.5, 28.2; Anal. Calcd for

C,H,sCINOS: C, 68.56; H, 4.93; N, 3.81. Found C, 68.85; H, 5.01; N, 4.01.

10
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4-(4-bromophenyl)-7,8-dihydro-7,7-dimethyl-2-(thiophen-2-yl)quinolin-5(6H)-one (6r):

Yellowish white solid, mp 182-184 °C (CH,Cl, + EtOAc, equal volumes); IR v, (KBr) 3427, 3050, 2957,
2872, 1686, 1574, 1530, 1346 and 1269 cm™'; "H NMR (300 MHz, CDCLy) &: 7.62 (1H, d, ] = 3.2 Hz), 7.47
(2H, d, T =9.6 Hz), 7.43 (1H, d, ] = 4.7, Hz), 7.28 (1H, s), 7.08-7.04 (3H, m), 3.08 (2H, s), 2.44 (2H, s),
1.08 (6H, b rs); Anal. Calcd for C,;H;3sBrNOS: C, 61.17; H, 4.40; N, 3.40. Found C, 61.17; H, 4.51; N,
3.59.

O,N

X

/

N
1,2,3,4,5,6,7,8-octahydro-9-(3-nitrophenyl)acridine (6s):
Yellow liquid; IR vy (Neat) 3432, 3061, 2872, 1684, 1573, 1523 and 1333 cm™; '"H NMR (300 MHz,
CDCl;) &: 8.34 (1H, s), 8.21 (1H, d, J = 8.1 Hz), 7.80 (1H, d, J = 7.2, Hz), 7.59 (1H, t, J = 8.1 Hz), 2.94
(2H, s), 2.66-2.58 (7H, m), 1.87-1.82 (7H, m), 1.72-1.64 (2H, m); *C NMR (75 MHz, CDCL;) &: 153.5,
152.5, 148.1, 146.4, 142.1, 135.4, 130.7, 129.1, 128.0, 124.3, 122.6, 32.6, 27.9, 26.4, 25.5, 22.7, 22.5, 22.3;

Anal. Caled for C19H,0N,O»: C, 74.00; H, 6.54; N, 9.08. Found C, 74.30; H, 6.60; N, 9.19.

11



Copy of spectra for 6a-6s

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

[E
-9
2
b um
L -  6bZZ
Z0T"T = BE
61°8Z
£9°2€
— o
s -
L9y 2 — xlllk i 05°9%
GE €5 ———
- BF SG —
: 918
SLTI'E ——
|/| .
718°€ —_ ||||JL ool LS w.nl/
Zve e — e 66°9L
v Nw.t.\
aal ]
POTFTT
wm.w:Vf
¥6°021
@ No.mNHW
geeel
y1bel
:..mmﬁ“
T€6°9 ~ [~ ortezT
1969 —= [ . 688
r SR
B — [ nu.MF €6°9VT —
X
p9EL— A
P6°0ST —
Sog§ Lo ¢06 0L°86T ———
Sore “are  EETO9T———
¥0Z°8 816 ‘€91 —
ez e — £z
o
L €9°961

10 ppm

20

T

30

A Aaa

T T T
70 60 50 40

b

T

T
80

T T T AN T T
150 140 130 120 110 100 90
12

T

160

170

180

190




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

8S¥°¢

y0zZ°€
0GL E
w?.mw
e6L e —>
828°€

61679
- /
AN

€TC L

6282
6672

6E°LY
657EG —
Ly°5§

ocgc —

z9 9L
vo.hhwuuuuu
Lo LL

SO°%IT
9F 1T

¥8-0cC1
0z°zz1 J///r
TLUzZT
om.mﬁ%

17 p2T
29 vzl mmmmwm
£8°821
mm.mmﬂun““n
mm.omﬁ.\\\\w
92" bET
E.oﬁ\
90°2%1
Ho.mwﬁuunumu
P8 6V
927 65T —
G6"191
€L°€9T

\

6C°L6T

10 ppm

20

T

30

T

40

T
50

60

70

80

T M) MRS LALS

90

i

110 100
13

120

130

N T T T
170 160 150 140

190 180




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

hAN

161"

58"
918"
96"

6V6°
LLE"
XA
£ve”
L
00E”
pee”
349
FoE"
88€"
118"
168s°
696°
908"
£E8”
098”
6L8"
906"
£90°
680°
68¢°

€

€
£E—

/

==\

L e el i ol ol ol S SRR

ppm

e 0

ZE"8Z
09°2Z¢
10°LE

PL LY

S6 €S ——_
€E°GE —

$9°9L
mo.?v
87" LL

09°€TlT
917021
Sy oct
po-eet
087ECT
6T°%CT
L1621
(AR AN
§6°9C1 ————
BE"LZT
[A A TAN
I6°ZEl
6€79€ET
SO°TPT
ELTERT
T6°EVT
SO Prl
LT 28T
92°6GT
197°6ST
SFE9T

=z

A RN

LL*L6T

il

e

T T T T T
170 160 150 140 130 120

10 ppm

100 g0 80 70 60 50 40 30 20

110

190 180

14



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

E
o
2
Jore.
2
8T T i
J LLEZ
Lo~ 1282 _
-
25 2€ —
o 26°9€
- o
w PLLY
cGg'z e e~ 082
- 99° €6
L2
"
Lzz € ~NFr
s‘z\‘cl
o
85°9L
| e BES
é867¢ r<s _ €7°LL
[ v
<
90°8TT
Lo 117021
6€°0ZT
T AREA
g SETETT
; €0 72T
wwmm " -6zt
44205 ® mm.wmﬁ/
792°L ° mm.wwﬁlf\fll
DEE "L [
TeEL @ Z.mﬂw\.
GSEL ° S.mﬁ\
SLEL R mp”mﬂ\u
o A e
=z 88°
otp L PR N0t 060vT
STv'L - VQ.W,MW ELTEVT
Peet r o ~BL  ggegypr
o @ . g6EvT
Seeb =Iee 58°0ST
828°L e 6G°6CT
e 19°€91
188°L | o
06078 o
971'8
cTe"8 b o
o
L $9°L6T ]

10 ppm

T T T T T T
90 80 70 60 50 40 30 20

T

120 110 100

T T T T T T T T
170 160 150 140 130
15

180

190




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

141

€T

896"

€0z
1€2”
GEZ”
voe”
Loe”
8ZE"
433
ZS€E”’
LSE"
vLE®
¥6E"
zop”
£1v”
61G"°
08g*
¥LST
608"
ceg”
Ep8”
oLg”
290"
680"
B8Z"

@O~~~ 0~~~

P —
98—
0L —

wiy—
UL —

o)1
S0°LL
KLL—;
oLL

'

IEE
85 1~
B0'ZI )
WEZL A
vl
TR\
08'®}
£0LZ) —
W' LZL
STEL
vERL
LKL
99'%EL
z6'0VL
Z0PPL
ZiwwL )
Lz
ZresL
e

SN

&

WL —

180

200

ppm

140 120 100 80 60 40 20

160

220

16



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

BT T —

LSS T

£SC°E

T9¢2°L
EEE L
LSE L
08E"L
20v°L
9¢h°L
Z28S87L
GLS"L
€6G°L
SI9°L
069°L
LIL L
vL L
vEB L
S8 L
ELBL
968° L
616°L
8E6°L
86078
y0T 8
LeT 8
L81"8
0ge’8
GGZ'8
99Z°8
SLZ"8

=\

by

ppm

L

|

[2x43

|

e 8¢
19°2¢

86°9€
80°LE —

eLLy

PSTES

86794
00" LL
0Z LL

ZvTLL
8G°9T1T
01021
vz 0eT
627021
057021
6C" 121
[AREAAY
63721
L8 ZZl
vo eCl
09°€2T
08°€CT
ST PZT
YA
81°62CT
80°92T
5921
88°921
86921
eT-Lel
06°L2T
08°'BZT
91°0ET
I PET
66°GET
T9°LET
88°0%T
12°1%1
6T°2%T
86°CVT
T6°€FT
86 "EVT
€0°FFT
66°LYT
Shrevl
0Z°8ST
11°09T
0E° 29T
96°€91

10 ppm

60 50 40 30 20

70

T T T T
140 130 120 110 100 90 80
17

150

160

T

T
170

180

190




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

’
-
A 4
. L -
BI.S 910 TTE ,'u 6'5 EIU T T T T T T : . ;
T o 3 J 55 50 e 40 15 10 z5 20 15 10 05 ppm
B ot el g )
o5 e =l
= -
o N - LW Om®
[e4] ™M~ ~ LVLIFOWOoOWW®OMAM wn M Q i o n -~
Y A R <O W =] 0 N o
~ o~ O O OV OV MM .o . . P .
(=)} o N MOMMONNNNNN o~~~ o ™ r~ N @ -~
— — — A A A A A A r~r~-r~ wn = ™M ™N —
i ' .
o T T T T T T il T [ T T T T T M T T T T A T
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm

18



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

r-—
» ]
Ah AL
s o s 70 40 s 30 25 13 10 ppm
11| 1 . ) [
2| |= @ -
81 12l 3 2 5
o
3] @ Ny < O — Mo~ o o
. o o mor M <
o CMOTaaaa® o
— n ™M NN
T T T T T T T T T T T T T T 1
200 190 lEO 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppm

19



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

60T T ——
veeT T —

€06°T

9b¥ 2

EGT E—

1€T°L
GET'L
¥9g°L
AR AR
9Zv "L
ZEV L
8S¥ L
LY L—
LLY L
98% "L
v0S°L
60S°L
0ES"L
9¢€G°L
08Z°8
60€E°8

N

0404
stk

:

€57

A%

09

08
SS°

LS

00

Sy

LT

82
43

9%

€S

“MM\J///F

L6l

R T T T T
160 150 130 120 110

170

180

10 ppm

90 80 70 60 50 40 30 20

100

140

190

20



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

000"

PEL"
(320

pL?”

€87 "¢

91’

vae:”
44
L9y

067" L
605" L
TeG" L

Z£96°
£€19°
6€9"
G99"
066"
GGe”
4

S
ppm

5-C

13

CL3LCEPTQ

SR
WeE—
Wi

CRIFL—

ppm

21



20 ppm

-
89T T —— — ¥9'6 P
WIE—
L - WLy —
S ¥zt
B¥S"e EE

40

60

100 80

120
22

. T _
yzz € — atW.
- wLL
-
L L4
nﬂ.n_./\
aveEzL
e :,_N—”/. _ =
e
L1 ey
GO
R
6_8-”\"
i [4:4 o8
Wwl—
Wivi
TO0EL
LSZ L kol
- o —
wﬁ/w =
0pv°L —
Z6V°L _— 67
oﬂ.px
606" L
mmmé“ - @ et
vmo.m\ G 2 —
z50°8 i
59¢°8
£62°8

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

|
180 160 140

200

220




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

23

[ E
(-5
a
o
PLT" T ——— J g zee ' —
= Vo
0sz°1 o7t —
[l o 8
0Ly —
~ SE5—
WEE
196°¢ -~
~
~ moL
. il B.EW.
182" € — wLL
- <
LV 2L
Wz
0 2&;%
PeZL =
STEb
«ma—v -
Tel s
aoa—w
z6'sEL
i rEOEL
67 W)
8.3_.\\.\.
85z L el
901 95w ——
var L " (01—
Gev "L
886" L SLS
Sm.pW ! U.A".mul
L09"L \886_
zea L—" —
0%0°8 —~——_ -
89078 —— C ue 0% 161 —
mﬂ.m U
goz" '
vLZ'8 ~
g8Z°8 e =]
9628 m
£0€E°8 &
(=]
I N ™
—
3 3



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

ppm

S8BT T ——— —_— E 992~ _

ppm

20

0TE—"

WEy—
Wi —

. , ~__
£85° % —— B —— ]

JN— WL

||||j 7% ; v
SrLL
< pram

I EVEZZL
- 6621 )
STEZ) -
PEEZL
BIVZL
AR\
el
e PLEL
1L~
28R ——_

GGCTE

40

60

80

100

24

120

SVl

E.@.N =

..._._R_\.

o el
No_xr&\ﬁ
Z6' Il K"

E_ﬂ,%
vk -
wawr )/

L~ seer -/ 1
L09"

Zvos -

L ./ €551 x

L ~\ ELVOL

L e

. - Z0°L

o = &
¥E9°L (F3 SF L6} —
€897 L 60°0F 13

g 6’6

8

8

8

8

8

8

092" L
088"
866"
666"

0sT”
I TA
9Le"
16¢°
£€0€”
8ZeE”’
8geE”

T T |
180 160 140

200

220




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

.........

—3.177

2.527
—1.430
—1.155

w
0 -
-~
o -
L]
.
w —
N
-
-]
©
3

C13DEPTQ135-C
5

232 T ocoNw-Onaew
NAN v RAEQODN N =B RS 30
2z8 F RARAAQRERZIY ERe
T T T ETETTE~TTE e [ S

— 326
- — 283

T E T ¥ T : T X T 5 T ’ T b T " T ' T ‘ T !
220 200 180 160 140 120 100 80 60 40 20 ppm

25



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

£ST°

£€16°

6ST"

¥et-
LET"
€GT°
09e-
TLE"
906~
€26°
896"
G897
019"
L89"
669°
621"
9€e”
447
A
L9ez*
SLe”

T

Nl'l.

m}

NN

L, OO0~ [~~~ [~~~

ppm

SS1° 1T ——

£16° ¢ ——

6ST € —

B

26



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

E
o
a
. -]
00T° T —~__ -
€21 T—" — s9li
w BT*BZ e
[~ 8b"ZE
L <
o
BE " Lb e
osre |“ \’D..‘—. E9°EG
La O\
T21°€ " SThl
I w
“
85°9L
00°LL
' o €vLL
-
[ w
-
L2
w
L=
L6e0" L o
60T L
ETT°L L e
921" L ©
FST L
29T L [ w0
V8T L ©
061°L
LET'L N
ZEE"L l/ ~ ".“Mv 167 €FT
wqmév ~7vel
pse"L |M me.w 26°0GT e
9LE"L =009 _ T8 BST
Z8E°L °
597" L L2
89%°L
287 L
cep-L -
§69°L
8G9°L
L

9.0

899"

627 L6T ———m

T T T T T T T
170 160 150 140 130 120 110 100 90 80
27

180

190




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

.....................

___—13.076
__—2.440
___—1.076
=——1.052

ppm

4.26
349/
4.60
1.03,
11.86
1217

28



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

€¥9°1
€99°1
Z89°1
769°1
eoL°1
PIL'T
ceL 1
LIB"T
BES'T
668" T
0L8°T
£85°¢
¥09°¢
129°¢
6E9°C
099°2
EV6"C

NN

09z°L
8GG L
G8G°L
T19°L
66L"L
€£08°L
GZ8°L
Ge1’8
661°8
z0e’8
[444:}
9ZZ"8
6228
0geE"8
GEE'B
TvE"8

S\ Z

ppm

6C°

4
99
L

8%

LE
68

86"

19
¥0

EX

[44
"ee
ree
44

8z — =
.wmu\

[43

”mh\J/l/l

10 ppm

100

120 110

80 70 60 50 40 30 20

90

130

140

180 170 160 150

190

29



