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Experimental procedure:

1. Materials and method:
'H-NMR and *C-NMR spectral analysis were carried out on Bruker-Advance Digital

300 MHz and 75 MHz instruments; tetramethylsilane (TMS) was used as internal
standard. Melting points were checked on a Kofler Block apparatus. Optical images were
obtained using a CARL-ZEISS Axi-Observer optical microscope. DLS study was
performed in a MALVERN Zetasizer DLS. Merck aluminum-blocked silica gel plates
coated with silica gel G were used for analytical TLC and monitored under UV light and
also by exposure to iodine vapor. Synthetic grade chemicals from Sigma-Aldrich,
Spectrochem and E-Merck were used for carrying out the organic reactions. All the
solvents used in the reaction were distilled and dried properly

2. General procedure for the preparation of 1,4-dihydropyridines(4a-z):

The aldehyde(1) (1 mmol) , 1,3-diketone(2) (2 mmol) and ammonium acetate(3) (1.5
mmol) were added to a solution of triton X-100 (10 mol %) in H,O (3 mL), and the

mixture stirred at room temperature. The resulting clear solution, that gradually became
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turbid, was stirred for the stipulated time mentioned in Table 2. After completion of the
reaction (indicated by TLC), the free flowing solid mass was filtered and washed with
water (20 mL) to afford the desired products as pale yellow solids. The product thus
obtained was recrystallized from ethanol to get pure compounds as white or pale yellow
crystals.

General procedure for the oxidation of 1,4-dihydropyridines to the corresponding
pyridines(5a-g):

A solution of 1,4-dihydropyridine (1 mmol) in Triton —X-100(10 mol%) in 3 mL water
contained in a 25 mL glass vessel, potassium persulphate(l mmol) was added .The
reaction vessel was placed 10 cm away from the visible light source (150W tungsten
lamp of Philips with a cut-off light filter to allow only A>300 nm), which has a water
circulation jacket, maintaining the temperature of the reaction mixture 25°C for the
required period of time (TLC) (temperature inside the flask 25°C). After completion of
the reaction, the free flowing solid was filtered off and washed with water (20 mL) to
afford the desired products with almost 100% yield.

General procedure for the one pot synthesis of pyridines (5a-g):

A solution of aldehyde (1) (1 mmol) , ethyl acetoacetate (2) (2 mmol) and ammonium
acetate(3) (1.5 mmol) in triton —X-100(10 mol%) in 3 mL water was taken in a 25 mL
glass vessel and to this potassium persulphate(1 mmol) was added. The reaction vessel
was placed 10 cm away from the visible light source (150W tungsten lamp of Philips
with a cut-off light filter to allow only A>300 nm), which has a water circulation
jacket, maintaining the temperature of the reaction mixture 25°C for the required period

of time (TLC) (temperature inside the flask 25°C).After completion of the reaction
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(indicated by TLC), the free flowing solid was filtered and washed with water(20 ml) to
afford the desired products as pale yellow solids. The product thus obtained was

recrystallized from ethanol to get pure compounds as white or pale yellow crystals

4. Spectral data:

4a. Diethyl 2,6-dimethyl-4-phenyl-1,4-dihydropyridine-3,5-dicarboxylate

EtO,C CO,Et

N
|

M.P.:158-160°C’ 'H NMR (CDCls, 300MHHz): 8 1.22(t, J=9.7Hz, 6H), 2.32(s, 6H), 4.06
(9, J=6Hz, 2H), 4.11(q, J=6.3Hz, 2H), 4.99(s, 1H), 5.72(s, 1H), 7.09-7.29 (m, 5H); *C
NMR (CDCls, 75MHz): & 14.23, 19.52, 39.66, 59.69, 104.21, 126.07, 127.81, 127.98,
143.79, 145.75, 167.62.

4b. Diethyl 2,6-dimethyl-4-(3-nitrophenyl)-1,4-dihydropyridine-3,5-dicarboxylate

NO,

EtO,C CO,Et

N
|

M.P.: 178-180°C; *H NMR (CDCl,, 3001\Hmz): & 1.20(t, J=7.4Hz, 6H), 2.35(s, 6H),
4.06(q, J=8.4Hz, 2H), 4.10(q, J=8.7Hz, 2H), 5.08(s, 1H), 5.88(s, 1H), 7.36(t, J=7.9Hz,
1H), 7.63(d, J=7.8Hz, 1H,), 7.99(d, J=8.1Hz, 1H), 8.11(s, 1H); *C NMR (CDCls,
75MHz): & 14.19, 19.57, 39.94, 59.95, 103.32, 121.29, 123.08, 128.55, 134.47, 144.67,
148.14, 149.88, 167.08.

4c. Diethyl 4-(4-methoxyphenyl)-2,6-dimethyl-1,4-dihydropyridine-3,5-
dicarboxylate
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OMe

EtO,C CO,Et

N
|

M.P. : 160-162°C ; *H NMR (CDCls, 300TVIHZ): & 1.22(t, J=7.0Hz, 6H), 2.32(s, 6H),
3.75(s, 3H), 4.06(q, J=6.3Hz, 2H), 4.11(q, J=6.6Hz, 2H), 4.92(s, 1H), 5.61(s, 1H),
6.75(d, J=8.4Hz, 2H), 7.18(d, J=8.7Hz, ,2H); *C NMR (CDCls, 75MHz):  14.27,
19.58, 38.76, 55.14, 59.68, 104.45, 113.20, 128.95, 140.32, 143.47, 157.90, 167.67.

4d. Diethyl 4-(4-hydroxyphenyl)-2,6-dimethyl-1,4-dihydropyridine-3,5-

dicarboxylate
OH

EtO,C CO,Et

N
|

M.P.: 240-242°C ; 'H NMR (CDCls, 300?V[Hz): & 1.19(t, J=7.2Hz, 6H), 2.30(s, 6H),
4.03(q, J=6.6Hz, 2H), 4.08(q, J=6.3Hz, 2H), 4.89(s, 1H), 5.56(s, 1H), 6.63(d, J=8.7Hz,
2H), 7.10(d, J=8.4Hz, 2H), 9.84(s, 1H) ; *C NMR (CDCls, 75MHz):  13.85, 18.49,
38.05, 58.86, 103.11, 114.23, 128.40, 139.09, 144.17, 154.81, 167.51.

4e. Diethyl 4-(4-chlorophenyl)-2,6-dimethyl-1,4-dihydropyridine-3,5-dicarboxylate

Cl

EtO,C CO,Et

N
|

M.P.: 155-158°C; 'H NMR (DMSO, 3001:4Hz): & 1.08(t, J=7.1Hz, 6H), 2.21(s, 6H),
3.94(q, J=8.7Hz, 4H), 4.79(s, 1H), 7.11(d, J=8.4Hz, 2H), 7.21(d, J=8.1Hz, 2H), 8.81(s,
1H); ®C NMR (DMSO, 75MHz): & 14.25, 18.32, 59.17, 101.59,117.80, 127.91,
129.31, 130.51, 145.74, 147.20, 166.85.

4f. Diethyl 4-(4-fluorophenyl)-2,6-dimethyl-1,4-dihydropyridine-3,5-dicarboxylate
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EtO,C CO,Et

N
|

M.P.: 154-157°C; 'H NMR (CDCls, 3001\HaHz): & 1.13(t, J=7.2Hz, 6H), 2.22(s. 6H),
3.94(q, J=5.7Hz, 2H), 4.00(q, J=8.7Hz, 2H), 4.85(s, 1H), 5.57(s, 1H), 6.74-6.80(m, 2H),
7.10-7.15(m, 2H); *C NMR (CDCl;, 75MHz): & 14.22, 19.54, 39.03, 59.74, 104.16,
114.45, 129.36, 129.47, 143.67, 162.30, 167.49.

4¢. Diethyl 4-(furan-2-yl)-2,6-dimethyl-1,4-dihydropyridine-3,5-dicarboxylate

M.P.: 165-168°C; ‘H NMR (CDCls, 300MHHz): & 1.16-1.41(m, 6H), 2.24-2.30(m, 6H),
4.07(q, J=9Hz, 2H), 4.14(q, J=8.4Hz, 2H), 5.11(s, 1H), 5.86-6.18(m, 3H), 7.13-7.19(m,
2H,).; *C NMR (CDCls, 75MHz): & 14.23, 19.52, 33.36, 59.79, 100.23, 104.21, 110.11,
140.79, 143.71, 158.75 167.46.

4h. Diethyl 2,6-dimethyl-1,4-dihydropyridine-3,5-dicarboxylate

EtO,C CO,Et
XX
N

|
M.P.: 126-128°C; *H NMR (CDCls, 300M1H1z): 8 1.16-1.19(m, 6H), 2.10(s, 6H), 3.17(s,
2H,), 4.05(q, J=6.9Hz, 4H), 5.20 (br, 1H); *C NMR (CDCl;, 75MHz): & 14.46, 19.14,
24.84,61.44,99.49, 123.14, 144.82, 162.17, and 165.90.
4i. Diethyl 2,6-dimethyl-4-propyl-1,4-dihydropyridine-3,5-dicarboxylate

EtO,C CO,Et

M.P.: 126-128°C; 'H NMR (CDCls, 300MHz): & 0.85(t, J=7.5Hz, 3H), 1.15-1.30(m,
10H), 2.27(s, 6H), 3.91(t, J=5.4Hz, 1H,), 4.13(q, J=6.9Hz, 2H), 4.18(q, J=6.3Hz, 2H),
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5.71(s, 1H). *C NMR (CDCls, 75MHz): & 14.25, 17.99, 19.35, 32.70, 39.27, 59.52,
103.34, 142.66, 144.61 and 168.15.

4j. Diethyl 2',6'-dimethyl-1',4'-dihydro-[2,4'-bipyridine]-3',5'-dicarboxylate

M.P.: 194-197°C; *H NMR (CDCls, 300MHz): & 1.18(t, J=6.5Hz, 6H), 2.22(s, 6H),
4.06(q, J=8.7Hz, 4H), 5.18(s, 1H), 7.14(t, J=6.1Hz, 1H), 7.39(d, J=7.5Hz, 1H,), 7.55-
7.61(m, 1H), 8.47(d, J=3.9Hz, 1H,), 9.05(s, br ,1H). *C NMR (CDCls;, 75MHz): &
14.23, 19.52, 39.36, 59.72, 104.22, 123.21, 124.71, 136.11, 143.71, 149.79, 158.75, and
167.46.

4k. Diethyl 4-(4-(dimethylamino) phenyl)-2,6-dimethyl-1,4-dihydropyridine-3,5-

dicarboxylate

\N/

EtO,C CO,Et

N
|

M.P.: 227-230°C; 'H NMR (DMSO, 300§4Hz): & 1.09(t, J=7.0Hz, 6H), 2.19(s, 6H),
2.75(s, 6H), 3.94(q, J=6.6Hz, 4H), 4.68(s, 1H), 6.51(d, J=8.7Hz, 2H), 6.90(d, J=8.4Hz,
2H,), 8.64(s, 1H), *°C NMR (DMSO, 75MHz): & 14.29, 18.24, 38.78, 58.90, 102.41,
112.20, 117.75, 127.86, 136.53, 144.61, 148.90, 167.22 .

41. Dimethyl 2,6-dimethyl-4-(3-nitrophenyl)-1,4-dihydropyridine-3,5-dicarboxylate
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M.P.: 172-174°C; *H NMR (CDCls, 300MHz): & 2.25(s, 6H), 3.50(s, 6H), 5.00(s, 1H),
6.16(s, 1H), 7.29(s, J=7.8Hz, 1H), 7.53(s, J=7.2Hz, 1H), 7.89(s, J=7.8Hz, 1H), 7.99(s,
1H); *C NMR (CDCls, 75SMHz): & 19.45, 29.66, 39.63, 51.13, 102.95, 121.38, 122.69,
128.74, 134.20, 145.25, 148.35, 149.63, 167.62.

4m. Diethyl 4-(2,3-dichlorophenyl)-2,6-dimethyl-1,4-dihydropyridine-3,5-
dicarboxylate

Cl

|| OEt

M.P.; 187-189°C; *H NMR (CDCls, 300MHz): & 1.14(t, J=8.2Hz, 6H), 2.22(s, 6H),
3.92(q, J=5.2Hz, 4H), 4.74(s, 1H), 5.58(s, 1H), 6.69(d, J=8.7Hz, 1H), 7.00(d, J=8.7Hz,
1H), 7.28-7.34(m, 1H); *C NMR (CDCls, 75MHz): & 14.11, 19.17, 40.04, 59.05,
104.22, 121.26, 123.08, 128.55, 134.46, 140.98, 142.91,144.67, 148.61, 149.68, 156.30,
167.62.

4n. 1,1'-(2,6-dimethyl-4-phenyl-1,4-dihydropyridine-3,5-diyl)diethanone

!
M.P.: 184-186°C; 'H NMR (CDCls, 300MHz): 6 2.31(s, 6H), 2.32(s, 6H), 5.11(s, 1H),
7.13-7.26(m, 6H); *C NMR (CDCls, 75MHz): & 20.25, 30.07, 40.05, 113.64, 126.58,
127.38, 128.45, 143.28, 146.01, and 198.09

40. 1,1'-(4-(4-methoxyphenyl)-2,6-dimethyl-1,4-dihydropyridine-3,5-diyl)diethanone
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OMe

M.P.: 176-179°C; 'H NMR (CDCls, 300M|;-Iz): & 2.26(s, 6H), 2.37(s, 6H), 3.74-3.84(s,
3H), 5.03(s, 1H), 5.93(s, 1H), 6.76(d, J=8.7Hz, 2H), 7.13(d, J=8.7Hz, 2H); *C NMR
(CDCls, 75MHz): 8 20.42, 30.06, 39.25, 55.16, 113.88, 128.48, 138.38, 142.67, 143.85,
158.19, 198.10.

4p. 1,1'-(4-(4-hydroxyphenyl)-2,6-dimethyl-1,4-dihydropyridine-3,5-diyl)diethanone

\
H

M.P.: 215-218°C; 'H NMR (DMSO, 300MHz): & 2.09(s, 6H), 2.16(s, 6H), 4.80(s, 1H),
6.51(d, J=8.7Hz, 2H), 6.85(d, J=8.4Hz, 2H,), 8.72(s, 1H), 9.05(s, 1H). *C NMR
(DMSO, 75MHz): & 19.06, 30.04, 38.17, 114.97, 128.16, 137.88, 143.82, 155.65,
161.93, and 196.75.

4q9. 1,1'-(4-(4-chlorophenyl)-2,6-dimethyl-1,4-dihydropyridine-3,5-diyl)diethanone

M.P.: 151-154°C; 'H NMR (CDCls, 300MHz): & 2.28(s, 6H), 2.35(s, 6H), 5.34(s, 1H),
6.14(s, 1H), 7.35-7.37(d, J =6Hz, 2H), 7.47-7.50 (m, 2H) ; 3C NMR (CDCls, 75MHz):
8 20.35, 30.18, 39.24, 113.53, 128.51, 128.84, 132.20, 143.34, 144.41, and 197.64.
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4r. 1,1'-(4-(furan-2-yl)-2,6-dimethyl-1,4-dihydropyridine-3,5-diyl)diethanone

M.P.: 184-187°C; '"H NMR (CDCls, 300MHz): & 2.33- 2.43(m, 12H), 5.16(s, 1H),
5.90(s, 1H), 6.22(s, 1H), 6.40(s, 1H), 7.26(s, 1H); *C NMR (CDCls, 7SMHz):  19.42,
33.96, 57.96, 100.23 104.22, 112.20, 140.59, 143.51, 159.75, 196.75.

4s. 1,1'-(2,6-dimethyl-4-propyl-1,4-dihydropyridine-3,5-diyl)diethanone

M.P.: 129-132°C; *H NMR (CDCls, 300MHz):  0.79(t, J=6.3Hz, 3H), 1.13-1.18(m,
4H), 2.26(s, 6H), 2.28(s, 6H), 3.84(t, J=5.6Hz, 1H), 6.84(s, 1H); *C NMR (CDClIs,
75MHz): & 14.23, 19.79, 29.32, 34.59, 39.58, 113.05, 142.78, 143.42, 198.55.

4t. Ethyl 5-acetyl-2,6-dimethyl-4-(4-nitrophenyl)-1,4-dihydropyridine-3-carboxylate

M.P.:169-171°C ; 'H NMR (CDCl;, 300MHz): & 1.26(t, J=7.1Hz, 3H), 2.18(s, 3H),
2.33(s, 6H), 4.14(q, J=7.5Hz, 2H), 5.15(s, 1H), 6.32(s, 1H), 7.43(d, J=8.7Hz, 2H),
8.06(d, J=8.7Hz, 2H); *C NMR (CDCls, 75MHz): 6 14.28, 19.49, 20.35, 30.05, 40.22,
60.16, 103.62, 111.68, 123.56, 128.57, 144.59, 146.39, 153.95, 167.03, and 197.52.

4u. Ethyl 5-acetyl-4-(4-fluorophenyl)-2,6-dimethyl-1,4-dihydropyridine-3-

carboxylate
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M.P.: 176-179°C ; 'H NMR (CDCls, 300MHz): & 1.27(t, J=7.1Hz, 3H), 2.16(s, 3H),
2.28-2.35(m, 6H), 4.16(q, J=7.2Hz, 2H), 4.99(s, 1H), 6.88-6.93(m, 2H,),7.20-7.26(m,
2H); *C NMR (CDCl;, 75MHz): 6 14.36, 19.72, 20.34, 29.62, 39.63, 59.99, 104.89,
112.13,114.85, 115.13, 129.17, 142.46, 143.37, 167.46, 198.58.

4v. Ethyl 5-acetyl-4-(4-methoxyphenyl)-2,6-dimethyl-1,4-dihydropyridine-3-
carboxylate

OMe

M.P.: 187-190°C; 'H NMR (CDCl;, 300MHz): & 1.26 (t, J=7.2Hz, 3H), 2.13(s, 3H),
2.25(s, 3H), 2.32(s, 3H), 3.72(s, 3H), 4.14(q, J=7.8Hz, 2H), 4.92(s, 3H), 5.74(br, 1H),
6.73-6.76(m, 2H), 7.14-7.17(m, 2H). *C NMR (CDCls;, 75MHz): & 14.37, 19.71, 20.28,
29.48, 39.50, 55.17, 59.87, 105.24, 112.19, 113.66, 128.75, 139.09, 142.98, 158.21,
167.62 and 198.91.

4w. Ethyl 2,7,7-trimethyl-4-(4-nitrophenyl)-5-oxo-1,4,5,6,7,8-hexahydroquinoline-3-
carboxylate

H
M.P.: 246-249°C; *H NMR (DMSO, 300MHz): & 0.77(s, 3H), 0.96(s, 3H), 1.06(t,
J=7.0Hz, 3H), 1.90-2.22(m, 2H), 2.27(s, 3H), 2.37-2.46(m, 2H), 3.92(q, J=6.6Hz, 2H),

10
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4.93(s, 1H),7.37(d, J=8.7Hz, 2H,), 8.04(d, J=8.7Hz, 2H,), 9.20(s, 1H), *C NMR
(DMSO, 75MHz): & 14.16,18.42, 26.52, 29.08, 32.22, 36.71, 50.14, 59.33, 102.46,
109.11, 123.24, 128.84, 146.24, 150.17, 155.07, 161.96, 166.48, 194.32.

4x. Ethyl 4-(4-methoxyphenyl)-2,7,7-trimethyl-5-oxo-1,4,5,6,7,8-
hexahydroquinoline-3-carboxylate

OMe

M.P.: 259-262°C ;'H NMR (DMSO, 300MHz): & 0.96(s, 3H), 1.07- 1.18(m, 6H),
1.89- 2.46(m, 7H), 3.64(s, 3H), 3.91(q, J=7.1Hz, 2H), 4.74(s, 1H), 6.68(d, J=8.4Hz, 2H),
6.99(d, J=8.4Hz, 2H), 8.98(s, 1H). **C NMR (DMSO, 75MHz): & 14.28, 18.36, 26.60,
29.24, 32.23, 35.00, 50.37, 54.95, 59.09, 110.28, 113.18, 117.80, 128.48, 140.11, 144.72,
149.33, 161.98, 167.03, and 194.36.

4y. 3-acetyl-2,7,7-trimethyl-4-(4-nitrophenyl)-4,6,7,8-tetrahydroquinolin-5(1H)-one

M.P.:173-176°C; *H NMR (DMSO, 300MHHz): 8 0.75(s, 3H), 0.98(s, 3H), 1.95-2.49(m,
10H), 5.06(s, 1H), 7.41(d, J=8.7Hz, 2H,), 8.08(d, J=8.5Hz, 2H), 9.23(s, 1H). *C NMR
(DMSO, 75MHz): & 19.39, 26.36, 29.12, 30.35, 32.22, 36.57, 50.20, 109.73, 112.10,
123.43, 128.75, 142.75, 145.63, 149.87, 161.96, 194.31and 196.49.

4z. 3-acetyl-4-(4-methoxyphenyl)-2,7,7-trimethyl-4,6,7,8-tetrahydroquinolin-5(1H)-
one

11
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OMe

M.P.:189-191°C; *H NMR (DMSO, 300MHHz): 8 0.76(s, 3H), 0.98(s, 3H), 1.93-2.48(m,
10H), 3.64(s, 3H), 4.84(s, 1H), 6.68-6.76(m, 2H), 7.02-7.08(m, 2H), 9.02(s, 1H). *C
NMR (DMSO, 75MHz): 6 19.11, 26.57, 29.71, 31.93, 35.43, 50.36, 54.89, 111.12,
112.98, 112.64, 117.75, 128.47, 139.29, 144.04, 148.70, 157.14, 194.41and 197.40.

5a. Diethyl 2,6-dimethylpyridine-3,5-dicarboxylate

0 0
0 A o

7
N

'H NMR (DMSO, 300MHz): 6 =1.33 (t,J=7.1Hz, 6H), 2.16 (s, 6H), 4.21
q, J = 7.1Hz, 4H), 7.45(s, 1H);

5b. Diethyl-4-(4-nitrophenyl)-2,6-dimethylpyridine-3,5-dicarboxylate

'H NMR (DMSO, 300MHz):  1.29 (t, J = 7.1Hz, 6H), 2.63 (s, 6H), 4.05 (q, J = 7.1 Hz,
4H), 7.11 (d, J = 8.2 Hz), 8.22 (d, J = 8.2 Hz, 2H).
5c. Diethyl-4-(3-nitrophenyl)-2,6-dimethylpyridine-3,5-dicarboxylate

'H NMR (DMSO, 300MHz): & =1.24 (t,J=7.1Hz, 6H), 2.69 (s, 6H), 4.26
(9, J = 7.1Hz, 4H), 7.57-8.28 (m, 4H).
5d.Diethyl-4-(4-methoxyphenyl)-2,6-dimethylpyridine-3,5-dicarboxylate

12
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'H NMR (DMSO, 300MHz): & = 1.22 (t, J = 7.1Hz, 6H), 2.69 (s, 6H), 3.86 (s, 3H), 4.27
(9, J = 7.1Hz, 4H), 6.91 (d, J = 8.5Hz), 7.11 (d, J = 8.5Hz).
5e. Diethyl-4-(4-methylphenyl)-2,6-dimethylpyridine-3,5-dicarboxylate

'H NMR (DMSO, 300MHz): 6 = 1.03 (t, J = 7.1Hz, 6H), 2.05 (s, 3H), 2.60 (s, 6H), 4.18
(9, J = 7.1Hz, 4H), 7.10 (d, J = 6.7Hz), 7.33 (d, J = 6.7Hz).
5f. Diethyl-4-(4-chlorophenyl)-2,6-dimethylpyridine-3,5-dicarboxylate

'H NMR (DMSO, 300MHz): = 1.22 (t, J = 7.1Hz, 6H), 2.60 (s, 6H), 4.23 (q, J=7.1Hz,
4H), 7.12 (d, J = 8.9 Hz), 7.32 (d, J = 8.9 Hz).
5¢. Diethyl-4-phenyl-2,6-dimethylpyridine-3,5-dicarboxylate

'H NMR (DMSO, 300MHz): & = 1.22 (t, J = 7.1Hz, 6H), 2.67 (s, 6H), 4.27 (q, J = 7.1
Hz, 4H), 7.18-7.23 (m, 2H), 7.30-7.32 (m, 3H).

13



(€
=3
=%
06T T [ €2°p1
ZN.HV e 25761
Lez 1 —o" =
mmm.ﬁu\
- ™
99°6¢
Lrere—— — vy
- ™
69765
Z70° ¥
250"y
990" ¥ 66°9L
9L0° ¥ Ho.hhv
680 % - broLL
6607
[958 <
€21 ...m
18670 —
o 12101 ——
zzL s —— W
. I L0792 ~__
L80°L fry TorLoT —=
mi-L 86°L2T
6TT L
PET"L
ZLTL
Eﬁh\ 6L EPT ——
1z27L SLLYT ——
652°L
1827 L .
297 L9T ——
2

14

L

180

Electronic Supplementary Material (ESI) for RSC Advances
5. Spectra

This journal is © The Royal Society of Chemistry 2013



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

1BC NMR of 4a

wwwwwwwww O CcVrANMmA oW o0
mmmmmmm ~ NOO @MW T M ™m O o
OOOOOOOOOOOOOOO NN
hhhhhhhhh nw O TTTTTTT o

——5.882
0

—2.352

1.275

_A
~

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

'H NMR of 4b

15



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

61

LS

66"

LS

14

(45

6C"

66"
Ly

L9

88"

80"

A
"8vl

A
61

‘6€

€01

T ——

EeT —

821
PET

6vT —

L9T

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

T T T T T T
170 160 150 140 130 120

180

T

190

10 ppm

20

110 100

13C NMR of 4b

861"
cee”
Sve:

81E"

6hL"
(44l
GS0°
890"
8L0"
160"
ot

STT

9z1”

8cL”
9GL”
9LT”
S0¢°L
09z

T e
T
- o
z — g9
I
I
/ ‘M _ne
L« —~
P e
|
A W
- wn
9L
-0
== A i e
L - N~
NV = ({5
(—
I
[
- o

'H NMR of 4¢

16



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

~ =3 ~ o 0 o v
o I 0o ® < © ®
© =N = °sS3 83 ~ eER
~ ~ ©o ® o« ] . F
© 0 < - ~ - o ~© o 0 @ o <
— - - - - -~~~ n 0 ™ o
N
W
) } } 1 A
™
~70
o o wo o« 0w TMOOWVWMH © ‘=
™ = o <« o © OPEOITON o & o~
© N O WO @ w  ©® 00000000 ~ N
o ~~ o~ ©© v e eT LT N - -

—5.563
8

Z )
N

=
\

17



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

'H NMR of 4d

— — ~ o o e} —

o © - o - N — N o~ © O = MO0 o n
3 < Ow © o WMo o < ©

~ - - o © < ™ .. N R ..

© 0 <« ™ ~ — o ~ o~ 0 © oo oo oo © ™

— — - — — - ~~ o~ 0 TOO®mOm — -

_/_
=

J|1||||‘ tll ”

"

T T T T T T T T T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm

13C NMR of 4d

18



10 ppm

20

30

[ E
-3
o
sz vT
NWWMV|| F~ —s09 ze 81
€0T°1 vo-ee
8L"8€E
90" 6¢€
e Ve 6E
209 19°6¢€
21z e e 68°6€
85y g —— R
b 0b
Fe L1°66
9627 ——
0z6°¢ -~
:m.mw. [« _U0F
€96°€
856°€ An__.u
S6L Y —— |J . vl r_m
nd 657101
e Z 08°LTT
s o
16°0€T —
€60°L G
Ter L o oz
mom.hw I PLISYT ———
€z L 0z Ly —
e
58991
‘g ok
018°8 — b,

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

T
90 80 70 60 50 40

19

T

190 180 170 160 150 140 130 120 110 100

13C NMR of 4e




\‘ ’
-5
o
zz vl
180°1 2\ PS6T
moﬁﬂw T we
621" 1 Vo
mmﬁ,ﬁtk\\w
Lo £0°6€
. \
912" 109
\'
. VL 6
£26°¢
ge6°¢ Les
. 9L
156°¢ Lo~
856°€ —_ —_—
PL6°E [ _ovy crLL
286°¢ Y—
866°€ <
120" % Y—
vE0 Y A Jp— o
168°p —— . N L O
o 91" 70T
VLS S — (113 M .
=z LPPTT
e I
. — 9€°62T A
orL’9 Lh621 —
69L°9
mmh.mV vz
860°L Fre
wHH.Pl///. —avz L9°€VT
mwﬂ.pwwwm
PRI L
GST"L
Fe 0£°291
67°L9T
I

10 ppm

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

1BC NMR of 4f

T T T T T
40 130 120 110 100

T

190 180 170 160 150 1

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



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

& -
s
VY
iV
|
Ili | |
il ! |
A h |
.! i i i
! i I [ /|
¥ H I I A
B . I S | SR I N N
- o ——— . —— S — .
9 8 7 6 5 4 3 2 1
= |2 fe o 8 & g
= ey b - @ ©
O 2l — O — - M
<« ~ ~ ~ -~ < o o © IR
. . - O ~ Ll 0N
~ @ m O o« O . . .
(=) v - - o O ~r~ Q0 o Ll o«
2A 3 423 NS 5 ™ 23

3C NMR of 4g

21



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

w0 w0 @ o m - W@
@ 2 ao9Q S2R8
2 2 2gzy a5n9
K 3 deww Saaa

—3.174
—2.102

P
©w
N
-

T
9 8 7 6 5 ppm
|
2 o = 2 &
o4 =~ | 3| w
2 - -
or o -
o © - o - oo - = T w0
. - - own - @ =
2 - ™ . . . L.
- o N ~ 9 ~ = o
- - - ) ™~~~ © N

_/_
=

bodramead n | vl

T T T T T T T T T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm

13C NMR of 4h

22



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

-

=

»
|

A j\ J Ji

— : e e
9 8 7 6 5 4 3 2 1

= gy o I

= Sz & 3 =

'H NMR of 4i

o ~ o <
A ©8 = dow & < o wos
s sd a o0 9 8RO 893
3 3< 3 S8e o P o«
il - ~~~ 0 m m -
|
‘ L | J D
| \‘/ , \}l
¥ !
H I | I
| i
i
|
i i
| | i
1 1 i
I i ! 1
A A I i
¢ 7 60 150 5 9o 20 -

13C NMR of 4i

23



€z vt
e 25761
ottt L9
981" [ /\,V
0TE T~
m 9€ "6€
zzz — e I
¢ [ 809
b ZL"6S
ﬁ
£10° b I 65°9L
mmo.fy Jot S.?v
090" b —-—= — ! e [ bheLL
€80 7 Vo —
660" D <
I Y—
e °
LL1sg - ey ﬁ [ Y )
L . M zz w0t
{
|
| zZ
i
| rw . A
| 12762l —
STy [ lH weer—
9E 1L |
e ﬁ 117961
) L
= £ 00k
] 2, LErt
- W 6L7 601
Lo GLT8ST
f
-5 | s 9y LT
ﬁ_ P 9l
| ]
ot
|t
[

24

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



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

3C NMR of 4

5

o ~ oo - woNwo O o ——®
e — o N O w© W oo N o iy @ o~
v 5E o & sraon & & = P
< © 0 w9 - mmmnn 6 o o -
1Ll ; o | .

l\ { | / | ! ‘./

\ | | A

\ | i

- L LA v AL Y | S —
s s 7 B e
g 2/ g s = 3 g 3
- ~ o - - w o -
1
H NMR of 4k

25



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

167.22
—— 148.90
———— 144.61

——-—136.53

127.86
117.75
— 112.20
——102.41

58.90

18.24
14.29

-90 l"_7 P V 30 12C —: 9 8 10 60 5‘( 1A 30 :_ -
13
C NMR of 4k
| |
|
\
|
\ ‘
|
\ | ) I
9 8 7 6 5 4 3 2 1 ppm
gl & |2 e 2 2
©|e3 w = < P 5
& &

'H NMR of 4l

26




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

13C NMR of 4l

~ e
oo

~ =

N

g @ o o w ==
M Mty O 6 - W0 o = w o @ =
H ~ oo -
mmmmm ) - gty .

=1

3.912
3.889
—2.225

)
AL

; ; ; : ; ; ; -
1N B T I
'H NMR of 4m

27




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

@ © VO cEpw N 0w o~
o MmO AWHRT 0 O~ ] =N
g PEnEAaTE e . S
~ W RO NOT @ Mo - L
© e T BRI RN =} ~rw
= e i s P i e v i — ==~

P

L
} ,l
) |

T3
IO

b

N —

59.05
40.04
19.17

14.11

1l

T T T T T T T T T T T
180 170 160 150 140 130 120 110 100 90 80

190

70 60 50 40 30 20

T
10 ppm

13C NMR of 4m

.110

-5

N E=]
o

o o

11.85

ppm

28




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

'H NMR of 4n
T REE -
Vo v |
i 1 I
| | |
- AN Cl
9 :?‘,:v7ﬁ:e; /‘Tuvi‘rﬁ—‘*ﬁ*‘—”*—‘“**“‘*

13C NMR of 4n

29




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

-- 5,930

9 8 7 6 5 4 3 2 1 ppm
&2 g s & g
RIS - = - o
)
* ~ @ ©
- — 0 ™ s o
o . o~ o w
& @ oo © = m < on - a
0 - ™ o :
o = B jagai rew " o
— ~re~ n a

———39.25
— 20.42

<
<<

- - oo l JJ | lli

I y . -

T T e
190 180 170 160 150 140 130 120 110 100 90 80 7’0 6‘0 5‘0 4‘0 3‘0 2‘0 '

1BC NMR of 40

30



7 | m
o
I o
- 90761
1 v0°0€
I L1°8€
, 98¢
;, b0 6€
060°7 I Z6°6€ e —————
0915 = e T gy 09°6€
R L8 6€
ST oY
€p oy
-
26d e - 1‘\:.“
m -
o
| <t
_ “=
LO8" b —— = Wl (@]
- x
=z 1611 ———
w0
00579 —~__ R : — 917821 ———
gEsTe— —_= | 107
0989 ———_ v -
— —_— | 502 e
2989 — b 88°LET
28 €pT ——
69" GGT ——
©
£6° 19T ——
£7L°8 JLQ a0’k
96076 —— —_— [ S0
| 6L 96T ——

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

31




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

3C NMR of 4p

— 6.140
—5.343

__—2.351

T——2.278

-

6217

ppm

'H NMR of 4q

32




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

—7.259

——5.909
——5.223
T——5.157

——6.408
—<

=
“-.___ .

< v owo «
o - ™ N " 2] N O~ - L] w
~ vm N®o ™ el N 70
o - MmN N — ~r~ w0 o o o
— — e Eakal — ~~~ ™ el o~
£
B | ] l ‘
1
T T T T T T T T T T T T T T T T T T 1
190 180 170 160 150 140 130 120 110 100 90 80 70 50 40 30 20 ppm
&
13
C NMR of 4q
" & ~a
ooy o m
Aoy 488

33




Electronic Supplementary Material (ESI) for RSC Advances

This journal is © The Royal Society of Chemistry 2013

'H NMR of 4r

2 Roo@8 IS8 e g I
< o ) o= o - < - :
B 5 == 423 cRR 5 oA
l
|
|
o L1 | L
- T T T T T T
190 18¢C 70 160 150 140 3C 20 10 1C0 90 8C 7C (39 50 40 30 20 iC com
13
C NMR of 4r
® v — — P —
& 3 2z S SN
PR i S e
\ |
% VoAV
' ’ ) W lf
4 5
P Il
=
J
| '
| |
|
1 l I |
I\ | H
F‘ | J\ Jl' i
I I /| ol
- B B LN U N NN
el Raioae | il M g o I ki RIS T R i 2 A 7 V7 ¥ DY BT 1
9 8 7 6 5 4 3 2 1 ppm
3 s 3 s 8
g 8 & 2 3

34




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

'H NMR of 4s

198.55
143.42
142.78

.

113.05
.43

77.00

76.58

17

—
<

39.58
34.59
29.32

— 19.79
——14.23

13C NMR of 4s

35




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

- _ - — o h A L A W D o
9 8 7 6 5 4 3 2 1
1
H NMR of 4t
« - boce e w
? 8 gacy LR 8 & 258 9 8 2 22%
5 oo fgiz g f N AR
i ; T |
\/ \ | \/ | \//
\ | | \ ‘ \
\
I
I
| |
; w
| | i |
| \\
o L Iy
1 e - | 1 i
6 6C 185 PO 80 36 20

1BC NMR of 4t

36



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

a4

mmmmmmmm o~ [*3 N~ MmO ®
mmmmmmmm @© o oW e N
NNNNNNNN @ o R =R
hhhhhhhh w - Tevww

I

1.307
1.283

<1

1.260

'H NMR of 4u

37




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

@ © ~ O o~ Mmunm O
0 < 0w NH  H®A © <o o ™ N oo
H .. . . . T own o © © or~m
@© ~ ™ N o o n TN PR . . . . .
o © - < NN - O ~~ o o o o oo
- = - P R R =~~~ n ™ N Qe
A } L l ‘I 4 l J | I 1
Lt
T T T T T T T T T T T ™ T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppm

13C NMR of 4u

38




LeE" T

Le 6T —
g e 5
ez 1—" . 87°62
5£9° 1
01" g F e oot 05766 ——
15777 = — ot
01E"Z oot
Hmm.mw- :
L1°66
Fe L8765
60L°E .
omh.m/
[ ™
ot~
901" % La =< i —
i |y
151
mm:_v\u <
_— ]
s — Lw W
026" ¥ @ vZ 50T
- M 617211 ——
o 1L —
LELS Pt = 99°¢
e T
- 5L82T
67L°9 :
SEL°9 B .
BGL'9 — \Nmm 60" 66T ——0
SHT'L A 86°2h1
mf.hufffwn 4 mm.mivl
i.__.h.u\
BET L
127861
|
297191
- o
16861

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

ppm

200 190 12‘30 190 1%0 1;0 14’10 1%0 1%0 11‘0 1(‘)0 9‘0 8‘0 70 60 50 40 30 20
13
C NMR of 4v
39

T




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

—9.197

__—8.066
=~—3.037
__—1.389
=—7.360

No,
u/\
/ N

|
i

NNNNNNNNNNNNNNNNNNNN

W INW

o

T T T T T T
7 6 5 4 3 2 1

W e

ppm

't

T
©
S
N |

o~ ©®WYW D~ To < - - ©

™ T O OHN™ © - < OO0 HAOMN~AN®NN O
. . . - oA 00IYMON~NOD T o
-« © e+ wowvwn © ™ 1 MRS A ey SN
o ©w vwoww N~ o o @ 000000000 ®D0ONN0®w
— o o — - = NueTTOMOMMMONMO NN

R H - L HHHJ

T T T T T T T T T T T T T T T T T T T ™
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm

13C NMR of 4w

40




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

096°0
18071
T60°1
s11”
LbT"
PeT
z68
976
880"
zr1”
661"
szz”
vgz”
6EE”
S6€”
¥Sh"
09%*
s9p"
20€”
zz9
Lva"
689"
216*
9€6°
656"
oL

\WF

SN

FO OO N NN NN NN e

6L9°9 ~__
oL g ——
6869 —_
L1o L —"

18678 ——

-

i

'H NMR of 4x

00"

8Z"
81
08"

8v”

9€”

N\

voT
otTT

TEIT—

LTT

143

N

L

Ll

10 ppm

120 110 100 90 80 70 60 50 40 30 20

140 130

180 170 160 150

190

41



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

13C NMR of 4x

mmmmmmmmmmmmmmmmm
mmmmmmmmmmmmmmmmm
mmmmmmmmmmmmmmmmm

NNNNNNNNNNNNNNNNN

— 9.237
5.058

%06
/
/
i
=

: B :
'H NMR of 4y

42



ppm

43

99L70
& 25870
) 8L6°0
06670
oese .
Q SE6°T
geto¢e 9.6 T
Mmmm/ 2 686°T
050°2
E.mm/ Zﬁ.NV
0" 6€ ° BLT 7 —=
ze"6€ = Tre s —
09°6€ mmm.w\.
88°6€ — 3 1ZE°2
91" 0¥ £VE'Z
€p-0p ° 66E°C
02°05 © 55872
887°2
° mmm.m\l
.:.u.m\.
o 969°€
>
Eo <
& Y—
N 5 o peg y —
o—{
= x
60T —— — = >
e —— =
——
1 f O
[ A4S - I3e) 18979
L 8zl a - o:.w/
£EL 9~
o oL e —"
SLTTYT ~ s 120°L—=
e sl —— ono.p\
SL*SVT 2 BLOTL
L8°6YT — -
9€ pST —— °
8
96191 -
o
I
b
°
2 pZ0 6 ——
o
LS
] 2
TPET —— -
f96T —

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




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

'H NMR of 4z

o < o SO ~ ©woa
" — ~ O N - OO~
< ~ @ v © NN
o w - T ™M o~ inBa kool
_ ek R R — j=papapa)

___—197.40
/117.75

) J JIY[ l JM

L

!

26.57

19.11

T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90

T T T T
80 70 60 50

13C NMR of 4z

44




