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1. General information.

All Starting materials were purchased from Sigma Aldrich and used without further
purification.'H and *C NMR spectra were recorded on 400 or 500 MHz for 'H and 100 or
125 MHz for *C in DMSO-d6, Chemical shift values were reported in & values (ppm)
downfield from tetramethylsilane. Infrared (IR) spectra were recorded on a Shimadzu
Affinity 1, FTIR spectrometer. CHN analyses were carried out either on in an Elementar
Vario EL III or Perkin-Elmer 2400 II elemental analyzers. Melting points were recorded by
using SRS EZ-Melt automated melting point apparatus by capillary methods and uncorrected.

2. General procedure for the synthesis of spiro pyrrolizidine analogues.

A mixture of isatin (1 mmol), malononitrile (1 mmol) and Et;N (0.2 mmol) was added in 5
ml water. The above mixture was stirred for 10 minutes at room temperature. Then,
hydantion/2-thiohydantoin (1 mmol) was added to this stirred reaction mixture. After addition
of this third component, the reaction mixture was stirred at 70 °C temperature and monitored
by TLC. After completion of the reaction, the mixture was cooled to room temperature,
filtered, and washed with ethyl acetate and hexane (3:1) mixture. The resultant product was
found pure enough for characterization. In case of 2-thiohydantoin after completion of the
reaction, the reaction mixture was cooled to room temperature, filtered. The resultant
precipitate was added in a hot toluene and acetonitrile (3:1) mixture and filtered to get the

pure desired product.
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3. Spectral data of compounds.

5'-amino-1',2,3'-trioxo-1',2',3"',7a'-tetrahydrospiro[indoline-3,7'-pyrrolo[1,2-
climidazole]-6'-carbonitrile (4a): Yield: 90%, Light brown solid, mp 263-265 °C; IR (KBr):
3375, 3260, 3205, 2755, 2193, 1799, 1741, 1662, 1624 cm™; '"H NMR (500 MHz, DMSO-
de): 6 =11.67 (bs, 1H, NH), 10.60 (bs, 1H, NH), 7.76 (bs, 2H, NH,), 7.42 (d, /= 7.5 Hz, 1H,
Ar-H), 7.28 (t, J =7.5 Hz, 1H, Ar-H), 7.07 (t, J =7.5 Hz, 1H, Ar-H), 6.87 (d, /= 7.5 Hz, 1H,
Ar-H), 5.11 (s, 1H, CH); *C NMR (125MHz, DMSO-d¢): & =177.5, 171.4, 156.4, 155.7,
142.5, 129.5, 128.4, 124.4, 122.4, 116.6, 110.0, 68.7, 61.8, 56.4; Anal. Calcd for C4H9NsO;
(295.25): C, 56.95; H, 3.07; N, 23.72; Found: C, 56.99; H, 3.12; N, 23.78.
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5'-amino-5-chloro-1',2,3'-trioxo-1',2',3',7a'-tetrahydrospiro[indoline-3,7'-pyrrolo[1,2-
climidazole]-6'-carbonitrile (4b): Yield: 78%, Light brown solid, mp 305-307 °C; IR (KBr):
3493, 3392, 3237, 2750, 2197, 1790, 1742, 1700, 1636, 1572 cm™; '"H NMR (400 MHz,
DMSO-ds): 8 = 11.74 (bs, 1H, NH), 10.77 (bs, 1H, NH), 7.86 (bs, 2H, NH>), 7.58 (s, 1H, Ar-
H), 7.33 (d, J = 7.2 Hz, 1H, Ar-H), 6.88 (d, J =7.2 Hz, 1H, Ar-H), 5.18 (s, IH, CH) ; “C
NMR (100 MHz, DMSO-d¢): &6 =177.7, 171.6, 156.9, 156.0, 141.9, 130.8, 129.9, 126.9,
125.2, 116.9, 112.0, 68.8, 62.0, 57.1 ; Anal. Calcd for C;4H3CINsO3 (329.69): C, 51.00; H,
2.45; N, 21.24; Found: C, 51.07; H, 2.48; N, 21.30.
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5'-amino-1-methyl-1',2,3'-trioxo-1',2',3',7a'-tetrahydrospiro[indoline-3,7'-pyrrolo[1,2-
climidazole]-6'-carbonitrile (4¢): Yield: 70%, Light brown solid, mp 275-277 °C; IR (KBr):
3552, 3501, 3210, 2928, 2187, 1790, 1742, 1688, 1648 cm™; 'H NMR (500 MHz, DMSO-
de): 0 =11.58 (bs,1H, NH), 7.75 (bs, 2H, NH,), 7.42 (d, J=7.5 Hz, 1H, Ar-H), 7.33 (t, J =7.5
3
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Hz, 1H, Ar-H), 7.10 (t, J = 7.5 Hz, 1H, Ar-H), 7.01 (d, J =7.5 Hz, 1H, Ar-H), 5.07 (s, 1H,
CH), 3.04 (s, 3H, N-CH3) ; °C NMR (125MHz, DMSO-dq): & =175.6, 171.1, 156.5, 155.6,
143.8, 129.7, 127.5, 124.1, 123.2, 116.6, 109.1, 68.7, 61.4, 56.0, 26.2 ; Anal. Calcd for
C1sH11N505 (309.28): C, 58.25; H, 3.58; N, 22.64; Found: C, 58.20; H, 3.63; N, 22.71.
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5'-amino-5-bromo-1',2,3'-trioxo-1',2',3',7a'-tetrahydrospiro[indoline-3,7'-pyrrolo[1,2-
climidazole]-6'-carbonitrile (4d): Yield: 72%, Light brown solid, mp 298-300 °C; IR (KBr):
3485, 3385, 3243, 3150, 2736, 2193, 1790, 1744, 1707, 1634 cm™; "H NMR (400 MHz,
DMSO-ds): 6 =11.70 (bs, 1H, NH), 10.81 (bs, 1H, NH), 7.82 (bs, 2H, NH,), 7.66 (s, 1H, Ar-
H), 7.52-7.46 (m, 1H, Ar-H), 6.90-6.85 (m, 1H, Ar-H), 5.15 (s, 1H, CH); >C NMR (100
MHz, DMSO-dg): 6 =177.6, 171.6, 156.9, 156.0, 142.3, 132.8, 131.2, 127.9, 116.3, 114.6,
112.5, 68.8, 62.0, 57.1; Anal. Calcd for C4HsBrNsO3 (374.15): C, 44.94; H, 2.16; N, 18.72;
Found: C, 44.99; H, 2.18; N, 18.79.
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5'-amino-7-chloro-1',2,3'-trioxo-1',2',3',7a'-tetrahydrospiro[indoline-3,7'-pyrrolo[1,2-
climidazole]-6'-carbonitrile (4e): Yield: 70%, Light brown solid, mp 310-312 °C; IR (KBr):
3490, 3312, 3258, 3208, 3092, 2193, 1801, 1753, 1725, 1695, 1658 cm™; 'H NMR (400
MHz, DMSO-dg): 6 =11.78 (bs, 1H, NH), 11.14 (bs, 1H, NH), 7.88 (bs, 2H, NH»), 7.44 (d, J
= 7.6 Hz, 1H, Ar-H),7.38 (d, J = 8.0Hz, 1H, Ar-H), 7.12 (t, J =7.6 Hz, 1H, Ar-H), 5.16 (s,
1H, CH) ; BC NMR (100 MHz, DMSO-dg): 6 = 178.5, 172.2, 157.4, 156.5, 141.0, 131.1,
130.5,124.7,124.2, 117.4, 115.1, 69.5, 62.4, 58.1; Anal. Calcd for C14HgCIN;50O;3 (329.69): C,
51.00; H, 2.45; N, 21.24; Found: C, 51.06; H, 2.50; N, 21.30.
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5'-amino-5-iodo-1',2,3'-trioxo-1',2',3',7a'-tetrahydrospiro[indoline-3,7'-pyrrolo[1,2-
climidazole]-6'-carbonitrile (4f): Yield: 76%, Black colour solid, mp 254-256 °C; IR (KBr):
3240, 3092, 3186, 2952, 2873, 2201, 1733, 1605, 1461, 1436 cm™; "H NMR (500 MHz,
DMSO-dg): 6 = 11.70 (bs, 1H, NH), 10.73 (bs, 1H, NH), 7.88-7.79 (m, 3H, NH,, Ar-H), 7.62
(d, J = 8.0 Hz,1H, Ar-H), 6.79 (d, J = 8.0 Hz,1H, Ar-H), 5.17(s, 1H, CH); *C NMR (125
MHz, DMSO-de): 6 =176.9, 171.2, 156.5, 155.5, 142.3, 130.8, 120.9, 116.5, 114.5, 113.8,
112.4, 68.3, 61.5, 56.3 ; Anal. Calcd for Ci4HgINsO; (421.15): C, 39.93; H, 1.91; N, 16.63;
Found: C, 39.88; H, 1.94; N, 16.68.

(0] NH,
N
HN N CN
OMe

[0]O)

N

H

49

5'-amino-5-methoxy-1',2,3'-trioxo-1',2',3',7a'-tetrahydrospiro[indoline-3,7'-pyrrolo|[1,2-
climidazole]-6'-carbonitrile (4g): Yield: 78%, Ash colour solid, mp 271-273 °C; IR (KBr):
3377, 3325, 3267, 2895, 2187, 1801, 1748, 1720, 1659, 1593 cm™; '"H NMR (400 MHz,
DMSO-dg): 6 = 11.67 (bs,1H, NH), 10.42 (bs, 1H, NH), 7.76 (bs, 2H, NH»), 7.10 (d, J = 2.0
Hz, 1H, Ar-H), 6.84 (dd, J= 8.4, 2.4 Hz ,1H, Ar-H), 6.77 (d, J = 8.4 Hz, 1H, Ar-H), 5.12 (s,
1H, CH), 3.73 (s, 3H, OCH3); *C NMR (100 MHz, DMSO-ds): & =177.8, 171.8, 156.8,
156.2, 155.9, 136.1, 130.1, 117.2, 114.8, 111.7, 110.9, 69.1, 62.6, 57.4, 55.9 ; Anal. Calcd for
Ci5H11NsO4 (325.28): C, 55.39; H, 3.41; N, 21.53; Found: C, 55.45; H, 3.44; N, 21.60.
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5'-amino-5-fluoro-1',2,3'-trioxo-1',2',3',7a'-tetrahydrospiro[indoline-3,7'-pyrrolo[1,2-

climidazole]-6'-carbonitrile (4h): Yield: 70%, Blackish solid, mp 235-237 °C; IR (KBr):
3389, 3265, 3208, 3186, 2895, 2195, 1743, 1718, 1649, 1591 cm™; '"H NMR (400 MHz,
DMSO-dg): 6 = 11.73 (bs,1H, NH), 10.66 (bs, 1H, NH), 7.85 (bs, 2H, NH,), 7.44 (dd, J = 8.4,
2.4 Hz, 1H, Ar-H), 7.16-7.11 (m,1H, Ar-H), 6.88 (dd, J = 8.4, 4.4 Hz, 1H, Ar-H), 5.16 (s,
1H, CH); BC NMR (100MHz, DMSO-d¢): 6 = 178.4, 172.1, 157.3, 156.5, 139.6, 130.9,
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117.5,117.0, 116.8, 113.5, 111.9, 69.3, 62.5, 57.7 ; Anal. Calcd for C;4HsFNsO;3 (313.24): C,
53.68; H, 2.57; N, 22.36; Found: C, 53.73; H, 2.61; N, 22.40.
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5'-amino-1',2-dioxo-3'-thioxo-1',2',3',7a'-tetrahydrospiro[indoline-3,7'-pyrrolo[1,2-
climidazole]-6'-carbonitrile (4i): Yield: 76%, Reddish brown solid, mp 285-287 °C; IR
(KBr): 3460, 3325, 3280, 3150, 2900, 2183, 1769, 1699, 1630, 1574 cm’; '"H NMR (500
MHz, DMSO-dg): 6 = 12.81 (bs,1H, NH), 10.80 (bs, 1H, NH), 7.87 (bs, 2H, NH>), 7.46-7.44
(m, 1H, Ar-H), 7.33-7.24 (m, 1H, Ar-H), 7.02-7.18 (m, 1H, Ar-H), 6.88-6.93 (m,1H, Ar-H),
5.46 (s, 1H, CH) ; °C NMR (125 MHz, DMSO-de): & = 183.2, 177.2, 171.9, 156.3, 143.1,
131.2, 127.8, 124.9, 123.0, 116.6, 110.8, 71.2, 64.6, 56.9 ; Anal. Calcd for C;4HgNsO,S
(311.32): C, 54.01; H, 2.91; N, 22.50; Found: C, 54.05; H, 2.96; N, 22.56.
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5'-amino-5-chloro-1',2-dioxo-3'-thioxo-1',2',3',7a'-tetrahydrospiro[indoline-3,7'-
pyrrolo[1,2-c]imidazole]-6'-carbonitrile (4j): Yield: 68%, Reddish brown solid, mp 305-
307 °C; IR (KBr): 3466, 3392, 3312, 3228, 2884, 2197, 1772, 1691, 1635, 1568 em’; 'H
NMR (500 MHz, DMSO-ds): 6 = 12.84 (bs,1H, NH), 10.86 (bs, 1H, NH), 7.92 (bs, 2H,
NH»), 7.62 (d, J = 2 Hz, 1H, Ar-H), 6.93-6.91 (m, 2H, Ar-H), 5.48 (s, 1H, CH); BC NMR
(125 MHz, DMSO-d¢): 6 =183.2, 176.9, 171.7, 156.4, 141.4, 134.4, 130.3, 125.3, 122.2,
116.5, 112.2,70.9, 64.1, 56.0; Anal. Calcd for C4sHgCINsO,S (345.76): C, 48.63; H, 2.33; N,
20.25; Found: C, 48.67; H, 2.36; N, 20.28.
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5'-amino-1-methyl-1',2-dioxo-3'-thioxo-1',2',3',7a'-tetrahydrospiro[indoline-3,7'-
pyrrolo[1,2-c]limidazole]-6'-carbonitrile (4k): Yield: 70%, Reddish brown solid, mp 287-
289 °C; IR (KBr): 3388, 3293, 3117, 2944, 2197, 1755, 1685, 1648, 1614,1573 cm™'; 'H
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NMR (400 MHz, DMSO-dg): & = 12.84 (bs,1H, NH), 7.92 (bs, 2H, NH,), 7.42 (t, J = 8.0 Hz,
1H, Ar-H), 7.19 (t, J =7.6 Hz, 1H, Ar-H) 7.10 (d, J = 8.0 Hz, 2H, Ar-H), 5.45 (s, 1H, CH),
3.12 (s, 3H, NCH>); BC NMR (100 MHz, DMSO-dg): 6 =183.6, 175.8, 172.1, 156.9, 144.9,
1309, 127.4, 125.1, 124.2, 117.0, 110.2, 71.7, 64.4, 559, 27.2 ;, Anal. Calcd for
Ci1sH11N50,S (325.35): C, 55.38; H, 3.41; N, 21.53; Found: C, 55.32; H, 3.45; N, 21.60.
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5'-amino-5-methoxy-1',2-dioxo0-3'-thioxo-1',2',3',7a'-tetrahydrospiro[indoline-3,7'-
pyrrolo[1,2-c]imidazole]-6'-carbonitrile (41): Yield: 65%, Black solid, mp 266-268 °C; IR
(KBr): 3309, 3285, 2951, 2191, 1770, 1694, 1637, 1578 cm™; 'H NMR (400 MHz, DMSO-
de): 6 =12.81 (bs,1H, NH), 10.53 (bs, 1H, NH), 7.86 (bs, 2H, NH,), 7.14 (s, 1H, Ar-H), 6.91-
6.80 (m, 2H, Ar-H), 5.42 (s, 1H, CH), 3.75 (s, 3H, OCH3); °C NMR (100 MHz, DMSO-ds):
o =183.6, 177.5, 172.3,156.7, 156.3, 136.5, 129.5, 117.1, 1154, 112.2, 111.6, 71.6, 65.1,
56.7, 56.4 ; Anal. Calcd for C;sH;;NsO3S (341.34): C, 52.78; H, 3.25; N, 20.52; Found: C,
52.73; H, 3.28; N, 20.58.
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5'-amino-5-fluoro-1',2-dioxo-3'-thioxo-1',2',3',7a'-tetrahydrospiro[indoline-3,7'-
pyrrolo[1,2-c]limidazole]-6'-carbonitrile (4m): Yield: 62%, Reddish brown solid, mp 302-
304 °C; IR (KBr): 3412, 3281, 3197, 3088, 2878, 2183, 1771, 1688, 1573 cm™; '"H NMR
(500 MHz, DMSO-d¢): 6 = 12.81 (bs,1H, NH), 10.73 (bs, 1H, NH), 7.89 (bs, 2H, NH>), 7.45-
7.43 (m, 1H, Ar-H), 6.91-6.87 (m, 2H, Ar-H), 5.43 (s, 1H, CH); °C NMR (125 MHz,
DMSO-de): 6 =182.7, 178.4, 171.2,155.9, 138.5, 133.6, 129.0, 121.1, 116.0, 112.3, 111.1,
70.4, 63.6, 55.7 ; Anal. Calcd for C14HgFNsO,S (329.31): C, 51.06; H, 2.45; N, 21.27; Found:
C,51.11; H, 2.41; N, 21.33.
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5'-amino-5-bromo-1',2-dioxo-3'-thioxo-1',2',3',7a'-tetrahydrospiro[indoline-3,7'-

pyrrolo[1,2-c]limidazole]-6'-carbonitrile (4n): Yield: 60%, Reddish brown solid, mp 311-
7
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313 °C; IR (KBr): 3479, 3394, 3321, 3235, 2881, 2196, 1771, 1693, 1639, 1579 em™; 'H
NMR (500 MHz, DMSO-dg): 6 = 12.84 (bs,1H, NH), 10.86 (bs, 1H, NH), 7.92 (bs, 2H,
NH,), 7.63 (s, 1H, Ar-H), 6.93-6.91 (m, 2H, Ar-H), 5.48 (s, 1H, CH); BC NMR (125 MHz,
DMSO-ds): 6 =183.2, 178.9, 169.5,156.4, 141.7, 133.1, 128.0, 122.6, 113.9, 112.5, 106.7,
70.9, 64.1, 55.9 ; Anal. Calcd for C4HgBrNsO,S (390.21): C, 43.09; H, 2.07; N, 17.95;
Found: C, 43.13; H, 2.04; N, 17.88.
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5-chloro-3-(5-oxo0-2-thioxoimidazolidin-4-ylidene)indolin-2-one (5): Yield: 90%, Dark red
solid, mp 113-115°C; IR (KBr): 2955, 2950, 2923, 2853, 1608, 1464, 1377, 909, 721 cm’
.TH NMR (500 MHz, DMSO-dy): 8 = 13.05 (bs,1H, NH), 11.46 (bs, 1H, NH), 11.32 (bs, 1H,
NH), 8.55-8.40 (m, 1H, Ar-H), 7.40-7.30 (m, 1H, Ar-H), 7.10-6.90(m, 1H, Ar-H); °C NMR
(125 MHz, DMSO-dg): & = 178.8, 169.9, 165.8, 139.9, 134.3, 130.4, 124.4, 123.4, 122.5,
114.9, 107.3 ; Anal. Calcd for C;1H¢CIN;O,S (279.70): C, 47.24; H, 2.16; N, 15.02; Found:
C, 47.30; H, 2.11; N, 15.08.



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

4. Copies of 'H and "C NMR spectra of compounds

0} NH,
N
HN N CN
00
N
H
4a

J. 11—

THE i LN A

I Ir K E

0  NH,

N
HN N CN

00
N
H
4a

T T T T Y
CEOU 1R LE0 1T0 1éd i%0 a0 1M 109




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

0 NH,
N |
HN N—cn

cl 1l
00 (

N

H
4b a

T T L] L T L T T T T L] T
12 11 10 9 [ 7 [ 5 1 3 2 Ppm
L=l I.’J-I | o - -
sl K R 2 "
4 A | N - r &
O NH,
N
HN D—cn
ol
00
N
H
4b

S W N 1 RS Y O IS,

T T T T

T L T T T
200 160 160 140 120 100 B0 B0 40

10



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

(@] NH,
N
HN N CN
00
N
/
Me
4c
L l_j.“[ Ln_JI.-
v : = e i ™
! | '.'.lI r A ]‘ A
O NH,

11



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

O NH»
N
HN N CN
Br
00
N
H
4d ‘
;,__
G hE e 2 J .1—
| o
|
I T
'!Ir I| I' |
i | (ML 1] | | | |
J"l—ll-l"l‘- e -y ’ul“!—-__.-i“\-.-_-—lj bL .
4 13 12 11 16 % € 2?2 & S 4 3 2 4 0 i pem
- e L] Rk
- o 5 ¥ S
o of K 2l I
O NH»,
N
HN N CN
Br
00
N
H
4d
M&MW
T T T T T T T T T T T
200 180 160 140 120 100 a0 &0 40 20 0 ppm




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

O NH,
N
HN N CN
00
N
H
Cl
4e
| ) )
LI T -1 T 1 L] I T T T 1]
12 11 10 b ] 7 ] 5 4 3 1
=1 O of oo L=31
i I - il feal— =
(3\\ NH»
N
HN N CN
00
N
H
Cl
4e
¢ :;n ul.q 1']:: ‘.:":1 ::n 163 i-ll:' a':u ].I} s'ﬂ !-'-: 4'u 3::1 zII:'

¥ L ¥ L) L)
210 20 1%0 180 170 160

13



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

0 NH,
W
N
HN oN
4o
N
H
4f
| 5 {I ils | L__“_F_._
1.3 1,1 !.l llt ; ; '; ‘E- 5 :l .I1- ; It
LI AN lI
S B E

o} NH,
N
HN N CN |
00
N
H
4f

[ r—— .
150 140

T T T T
200 190 180 170 160

T
130 1

T T I
20 11D 100 490 &0 i] &0

14



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

o} NH,
N
HN N—cN
OMe
00
N
H
49
J | A
" T S T R T R S R SR e T
| [T Ll W
C 5 [@Ee g HE
o} NH,
N
HN N—cN
OMe
00
N
H
49
180 170 160 150 140 130 120 110 100 90 80 70 6 50 40 30 20 10 ppm

15



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

o) NH,
N
HN N—cN
00
N
H
4h

T T T 1 T T L Ml T
12 11 10 9 8 7 & 5 4 3 F
1 |
S E = 22 =
B £ ElEE R K
0 NH,
N
HN N CN
F
00
N
H
4h

T T T T T T T T T T T T T
200 1%0 180 170 160 150 140 130 120 110 1100 90 80 0 &0 50 40




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

s»\ NH,
N
HN N CN
00
N
H
4i
' i Jllln_..l !Il. .i"q.. &
T T T T T T T T T T T
15 14 13 12 1 10 9 ] 7 3 1
i i TIER |
2 3 i 3 B
- E=1 bk~ 10 L b o Lol b
s NH,
N
HN N CN
00
N
H
4i
|
e e
M0 200 190 180 170 160 150 140 130 120 110 100 90 60 70 0 30 :

17



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

s}\\ NH,
N
HN N CN
Cl
00
N
H
4
J l\_.-'l
T T T L T T ¥ ¥ T i
15 14 13 12 1 m ] ] T ]
5 & i R s

S}\\ NH,
N
HN N CN
Cl
00

N

H

4

100 90 B0

kL i
160 150 140 130 120 110

190 180 170




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

L) L) L] U L T ¥ I v L) L} L L L T T ¥ L}
200 190 180 170 160 150 140 130 130 110 100 %0 8O0 70 EID 50 IIU o 2w 10

19



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

S NH,
N
HN N CN
OMe

00

N

H

41

A i M
L) L] T T L] i 1 L] T = i T T
14 13 12 11 10 9 g 7 5 4 2 1 ppm
i I o I T K
| =1 et Lml Fet] .
S NH,
N
HN N CN
OMe
00
N
H
4
1 L 1 L T L T L L T " T U T ) 1
16 130 120 1 100 20 BQ 10 &0 50 40 10 20 PR

20



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

S NH,
N
HN N CN

00

N

H

4m

.o
| 1
.ﬂl. 2
14 3 12 1 18 3 p H

Jg:_
I
1. 9% ki

S NH»,
N
HN N CN
00
N
H
4m

T T T T T
90 80

T T T T T T T
200 190 180 170 160 150 2140 130 120 110 100

21



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

S NH,
N
HN N CN
Br

00

N

H

4n

T T T
13 12 1 ] 9 B T ]
L, I 4 (BN
T rt :_'i‘;!
L_-'| |-—'] E'_ E
S NH,
N
HN N CN
Br
00
N
H
4n

200 190 180 1T0 160 150 140 130 120 110




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

o\ cl

S J S —d —
T T T T T T T T T T T T T
14 13 12 1 10 g 8 7 6 5 4 3 2 1 0 ppm
) L) [ I
18 8 5 gg g |88
- o= - —ll- - oo
S
A
NH
0 \ Cl
(0]
N
H
5

1
g0 180 W06 @ @0 T @@ &0

1 T T T
300 WG WD 1FD nEs wED a0 a3

23




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /FlateEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENG ()
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 779.528]
>> setpagedevice


