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Characteristics of products

Compound 1a (C12H11NOsS)

O

HO
1}
o)
@ 1a

Isolated yield: 70%. Mp=133-134 °C. IR (KBr, cm!): 3355, 1595, 1488, 1447, 1346, 1176, 765, 684,
564.'H NMR, & ppm (500 MHz, acetone de): 7.17 (d, J = 7.5 Hz, 2H), 7.23-7.30 (m, 3H), 7.53 (m,
4H), 7.66 (d, J = 3.1 Hz, 1H), 10.15 (s, 1H, OH). 3C NMR, & ppm (125 MHz, acetone de): 123.1,
127.3,128.5, 128.8, 129.9, 133.5, 134.2, 143.3. MS (EI) m/z (%): 51 (42), 77 (100), 141 (47), 233
(9), 248 [78, (M*-1)].

Compound 1b (C13H13NO3S)

O

HO\ 1}
O
1b

Isolated yield: 75%. Mp=139-141°C. IR (KBr, cm™): 3372, 2815, 1565, 1487, 1353, 1161, 566, 543.
'H NMR, & ppm (500 MHz, acetone-ds): 2.42 (s, 3H, CH3), 7.18 (d, J = 7.6, 2H), 7.22-7.30 (m, 3H),
7.32 (d, J = 8.0, 2H), 7.40 (d, J = 8.1, 2H), 10.06 (s, 1H, OH). 13C NMR, 6 ppm (125 MHz, acetone-
de): 21.1,123.1, 127.2, 128.4, 129.1, 130.0, 130.7, 143.4, 145.1. MS (El) m/z (%): 65 (3), 91 (100),
155 (77), 262 [75, (M*-1)].

Compound 1c (C12H10CINO3S)



O

HO\ 1]
O
1c

Isolated yield: 78%. Mp=128-129°C. IR (KBr, cm™): 3359, 1577, 1487, 1350, 1177, 761, 567. H
NMR, & ppm (500 MHz, acetone-ds): 6.88 (d, J = 7.9 Hz, 1H), 7.25 (t,J = 7.5 Hz, 1H), 7.36 (t, J = 8.1
Hz, 1H), 7.56 (d, J = 7.6 Hz, 1H), 7.70 (d, J = 8.6 Hz, 2H), 7.76 (d, J = 8.6 Hz, 2H) 10.42 (s, H, OH).
13C NMR, & ppm (125 MHz, acetone-de): 123.1, 127.6, 128.7, 129.1, 131.6, 132.1, 140.2, 143.0.
MS (EI) m/z (%): 52 (20), 75 (34), 111 (95), 175 (97), 282 [100, (M*-1)].

Compound 2a (C12H10CINO3S)

@)
T
.0

T
O=wn=0

Isolated yield: 73%. Mp=153-155°C. IR (KBr, cm™): 3359, 1577, 1487, 1350, 1177, 761, 567. H
NMR, 6 ppm (500 MHz acetone-ds): 6.81 (d, J=7.9 Hz, 1H), 7.21 (t,/=7.5Hz, 1H), 7.34 (t,J=7.2
Hz, 1H), 7.50 (d, J = 7.9 Hz, 1H), 7.65 (t, J = 7.6, 2H), 7.77-7.82 (m, 3H), 10.31 (s, 1H, OH). 3C NMR,
6 ppm (125 MHz, acetone-ds): 126.9, 127.4,129.1, 130.0, 130.4, 130.5, 133.0 134.2, 134.5 140.4.
MS (EI) m/z (%): 51 (92), 77 (100), 142 (95), 266 (21), 283 [25, (M*)].

Compound 2b (C13H12CINO3S)



Isolated yield: 75%. Mp=139-140°C. IR (KBr, cm™): 3332, 2837, 1595, 1472, 1443, 1344, 1167,
765, 678, 576. 'H NMR, 6 ppm (500 MHz, acetone-de): 2.44 (s, 3H, CHs), 6.76 (d, J = 7.8 Hz, 1H),
7.16 (t,J = 7.5 Hz, 1H), 7.29 (t, J = 7.1 Hz, 1H), 7.41 (d, J = 7.5 Hz, 2H ), 7.46 (d, J = 7.8 Hz, 1H), 7.58
(d, J = 7.6 Hz, 2H), 10.26 (s, 1H, OH). 13C NMR, & ppm (125 MHz, acetone-ds): 21.1 CHs, 126.8,
127.4,129.6, 130.0, 130.4, 130.5, 131.2, 133.0, 140.6, 145.5. MS (EI) m/z (%): 51 (36), 65 (71), 91
(100), 114 (54), 142 (78), 281 (11), 297 [22, (M*)].

Compound 2c (C12H9Cl2NO3S)

Isolated yield: 72%. Mp=143-145°C. IR (KBr, cm!): 3377, 1578, 1474, 1396, 1350, 1169, 769, 661,
621, 574.'H NMR, & ppm (500 MHz, acetone-ds): 6.88 (d, J = 7.9 Hz, 1H), 7.25 (t, J = 7.5 Hz, 1H),
7.36 (t, J = 7.1 Hz, 1H), 7.56 (d, J = 7.6 Hz, 1H), 7.70 (d, J = 8.6 Hz, 2H), 7.77 (d, J = 8.6 Hz , 2H),
10.41 (s, 1H, OH). 3C NMR, & ppm (125 MHz, acetone-ds): 126.8, 127.6, 129.4, 130.2, 130.5,
132.1, 132.9, 133.1, 140.1, 140.MS (EI) m/z (%): 50 (11), 75 (41), 111 (100), 159 (20), 175 (95),
316 [39, (M*-1)].

Compound 3a (C1sH16N204S3)

Isolated yield: 60%. Mp = 170-172 °C. IR (KBr, cm™%): 3460, 3362, 3210, 1629, 1491, 1288, 1142,
688, 591. 1H NMR, 6ppm (400 MHz, DMSO-ds): 4.22 (s, 1H, NH), 5.70 (s, 1H, NH), 6.52-6.71 (m,



3H), 7.19 (s, 1H), 7.35 (s, 1H), 7.70 (s, 6H), 7.93-7.95 (d, J = 6.8 Hz, 3H). 3C NMR, Sppm (125 MHz,
DMSO-ds): 121.0, 122.0, 122.6, 124.1, 124.6, 126.1, 126.6, 126.7, 128.8, 129.1, 129.3, 129.5,
133.9, 140.2. MS (El) m/z (%): 77 (100), 125 (26), 182 (71), 247 (62), 388 [64, (M*)].

Compound 3b (C20H20N204S;)

Isolated yield: 72%. Mp =158-159°C. IR (KBr, cm™): 3376, 2962, 2925, 2853, 1599, 1508, 1446,
1305, 1142, 804, 724, 688, 588. 1H NMR, & ppm (400 MHz, DMSO-ds and acetone-ds): 2.38 (s, 6H,
CHs), 4.20 (s, 1H, NH), 5.65 (s, 1H, NH), 6.62-6.64 (d, J = 8.4 Hz, 1H), 6.78, (t, J = 8.4 Hz, 3H), 7.10-
7.13 (d, J = 9.6 Hz, 2H), 7.36-7.38 (d, J = 7.4 Hz, 3H), 7.83-7.85 (d, J = 8 Hz, 3H). 3C NMR, & ppm
(100 MHz, acetone-ds): 20.5 (CHs), 113.2, 114.3, 118.1, 118.9, 119.4, 123.1, 126.8, 127.0, 127.7,
128.7,129.2, 129.5, 129.6, 131.1. MS (EI) m/z (%): 72 (100), 149 (37), 222 (35), 279 (5), 346 (7),
401 (3), 414 [23, (M*-2)].

Compound 3c (C18H14Cl2N204S:)

Isolated yield: 77%. Mp =156-158°C. IR (KBr, cm™): 3366, 3233, 1625, 1599, 1509, 1303, 1140,
722,690. 1H NMR, 6 ppm (400 MHz, acetone-dg): 7.29 (m, J = 7.6 Hz, 1H), 7.35-7.40 (m, 3H), 7.45-
7.52 (m, 4H), 7.56-7.59 (d, J = 8.0 Hz, 2H), 7.64-7.66 (d, J = 8.0 Hz, 2H), 7.78 (t, J = 7.6, 2H). 13C
NMR, 6 ppm (100 MHz, acetone-de): 118.7,124.2,126.1,128.3,128.8,129.2, 130.6, 131.1, 131.8,



132.6,133.9, 136.2, 142.1, 149.5. MS (EI) m/z (%): 50 (55), 72 (100), 105 (53), 182 (64), 250 (20),
312 (16), 383 (17), 455 [55, (M*-1)].

Compound 4a (C1sH15NOsS;)

(/):OI
n=0

O

Isolated yield: 70%. Mp=158-160°C. IR (KBr, cm™): 3344, 3274, 1611, 1512, 1447, 1280, 1141,

S

731, 602, 557. 'H NMR, & ppm (400 MHz, acetone-d): 6.72 (d, J = 8.4 Hz, 1H), 6.85-6.94 (m, 2H),
7.16-7.21 (m, 1H), 7.57-7.67 (m, 7H), 7.95-8.0 (m, 4H). 3C NMR, 6 ppm (100 MHz, acetone-ds):
112.8,115.9, 117.9, 118.4, 118.8, 119.4, 122.6, 127.3, 127.6, 127.7, 129.0, 129.1, 133.2, 133.3.
MS (El) m/z (%): 79 (100), 158 (98), 202 (76), 249 (36), 389 [36, (M*)].

Compound 4b (C20H1sNOsS;)

HoN

O O

1} 1

O O
4b OH

Isolated yield: 70%. Mp=158-159°C. IR (KBr, cm™): 3352, 3292, 1617, 1596, 1451, 1298, 1146,
710, 657, 521. 'H NMR, 6 ppm (400 MHz, acetone-de): 2.39 (s, 6H, CHs), 6.71 (d, J = 8.4 Hz, 1H),
6.84-6.87 (m, 1H), 6.91 (d, J = 8.8 Hz, 1H ), 7.12 (d, J = 2.8 Hz, 1H), 7.40 (t, J = 7.2, Hz, 4H), 7.49 (s,
1H), 7.82-7.89 (m, 4H). 3C NMR, 6 ppm (100 MHz, acetone-ds): 21.4, 21.5, 113.6, 118.1, 119.3,
119.7,120.1, 120.4, 123.4. 128.2, 128.4, 128.6, 128.7, 130.4, 130.5, 130.7. MS (El) m/z (%): 52.2
(36), 107 (100), 199 (16), 263 (14), 417 [36, (M*)].



Compound 4c (C1sH13CI2NOsS3)

HoN
2 9
" 1]
(@) (@)
4c OH

Isolated yield: 72%. Mp=157-159°C. IR (KBr, cm™): 3362, 3311, 3216, 1634, 1611, 1582, 1493,
1289, 1139, 731, 685, 605. *H NMR, & ppm (400 MHz, DMSO-ds): 6.74 (s, 1H, OH, disappeared
after addition of D20), 6.87-6.93 (m, 3H, aryl H and NH, disappeared after addition of D,0), 7.22
(d, J=10.8 Hz, 2H), 7.62 (s, 4H, aryl H and NH, disappeared after addition of D,0), 7.97-7.99 (m,
3H).13C NMR, 6 ppm (125 MHz, DMSO-de): 113.7,115.0, 119.1, 119.6, 120.3, 123.5, 128.6, 130.0,
130.4, 130.7, 142.0, 142.8, 145.1, 147.5. MS (El) m/z (%): 79 (86), 183 (11), 283 (100), 457 [23,
(M)].
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Cyclic voltammograms of 1-chloro-2-nitrobenzene at different pHs
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Fig. S1. Cyclic voltammograms of 1.0 mM1 -chloro-2-nitrobenzene at glassy carbon electrode, in
water/ethanol (80/20) mixture with various pH values and same ionic strength. pHs from (a) to
(e) are: 1.0, 2.5, 3.5, 4.5, 5.0 and 5.7. Working electrode: glassy carbon. Scan rate: 100 mV/s.

Inset: The potential-pH diagram of phenylhydroxylamine/nitrosobenzene (redox couple A1/Cs).

t=25+1°C
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Cyclic voltammograms of p-nitroaniline at different pHs
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Fig. S2. Cyclic voltammograms of 1.0 mM p-nitroaniline at glassy carbon electrode, in water/eth
anol (80/20) mixture with various pH values and same ionic strength. pHs from (a) to (d) are: 1.0
, 3.35, 5.2 and 6.25. Working electrode: glassy carbon. Scan rate: 100 mV/s. Inset: The potential

-pH diagram of phenylhydroxylamine/nitrosobenzene (redox couple A1/C;). t =25+ 1 °C.
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Cyclic voltammograms of p-nitrophenol at different pHs
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Fig. S3. Cyclic voltammograms of 1.0 mM p-nitrophenol at glassy carbon electrode, in water/eth
anol (80/20) mixture with various pH values and same ionic strength. pHs from (a) to (e) are: 1.2
,2.1,2.9,5.0 and 6.8. Working electrode: glassy carbon. Scan rate: 100 mV/s. Inset: The potenti
al-pH diagram of phenylhydroxylamine/nitrosobenzene (redox couple A1/Ci1) and p-aminopheno

|/p-aminoquinone (redox couple A;/C;). t =25+ 1 °C.
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Cyclic voltammograms of nitrobenzene
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Fig. S4. Cyclic voltammograms of 1.0 mM nitrobenzene at glassy carbon electrode, in agueous s
olution containing phosphate buffer (c = 0.2 M, pH = 3.5) at different scan rates. Scan rate from

(a) to (d) are: 10, 25, 50 and 100 mV/s respectively. t =25 + 1 °C.
Y y
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Cyclic voltammograms of nitrobenzene in the absence and presence of benzenesulfinic acid
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Fig. S5. Cyclic voltammograms of 1.0 mM nitrobenzene. Part I: in the absence and part II, in the
presence of benzenesulfinic acid (1.0 mM) at glassy carbon electrode, in aqueous solution conta

ining phosphate buffer (c = 0.2 M, pH =3.5). Scan rate: 25. t =25+ 1 °C.
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Cyclic voltammograms of nitrobenzene in the presence of benzenesulfinic acid
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Fig. S6. Cyclic voltammograms of 1.0 mM nitrobenzene in the presence of benzenesulfinic acid (
1.0 mM) at glassy carbon electrode, in aqueous solution containing phosphate buffer (c=0.2 M,
pH = 3.5) at different scan rates. Scan rate from (a) to (d) are: 10, 25, 50 and 100 mV/s respectiv
ely.t=25+1°C.
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Cyclic voltammograms of p-nitroaniline
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Fig. S7. Cyclic voltammograms of 1.0 mM p-nitroaniline in the presence of benzenesulfinic acid (
1.0 mM) at glassy carbon electrode, in aqueous solution containing phosphate buffer (c =0.2 M,
pH = 3.5) at different scan rates. Scan rate from (a) to (g) are: 10, 25, 50, 100, 250, 500 and 100
0 mV/s respectively. t =25 + 1 °C.

17



Cyclic voltammograms of p-nitroaniline in the presence of benzenesulfinic acid

Co
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Fig. $8. Cyclic voltammograms of 1.0 mM p-nitroaniline in the presence of benzenesulfinic acid (
1.0 mM) at glassy carbon electrode, in aqueous solution containing phosphate buffer (c =0.2 M,
pH = 3.5) at different scan rates. Scan rate from (a) to (d) are: 10, 25, 50 and 100 mV/s respectiv
ely.t=25+1°C.
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Cyclic voltammograms of p-nitroaniline in the absence and presence of benzenesulfinic acid
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Fig. S9. Cyclic voltammograms of 1.0 mM p-nitroaniline. Part I: in the presence and part Il, in the
absence of benzenesulfinic acid (1.0 mM) at glassy carbon electrode, in aqueous solution conta

ining phosphate buffer (c = 0.2 M, pH = 3.5). Scan rate: 100 mV/s. t =25+ 1 °C.
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Cyclic voltammograms of p-nitrophenol
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Fig. $10. Cyclic voltammograms of 1.0 mM p-nitrophenol at glassy carbon electrode, in aqueous

solution containing phosphate buffer (c = 0.2 M, pH = 3.5) at different scan rates. Scan rate fro

m (a) to (f) are: 10, 50, 100, 250, 500 and 1000 mV/s respectively. t =25 + 1 °C.
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Cyclic voltammograms of p-nitrophenol in the presence of benzenesulfinic acid
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Fig. S11. Cyclic voltammograms of 1.0 mM p-nitrophenol in the presence of benzenesulfinic acid
(BSA) (1.0 mM) at glassy carbon electrode, in agueous solution containing phosphate buffer (c
=0.2 M, pH = 3.5) at different scan rates. Scan rate from (a) to (d) are: 10, 25, 50 and 100 mV/s r
espectively. t =25 £ 1 °C. Inset: Cyclic voltammogram of 1.0 mM BSA in the same conditions atl

00 mV/s.
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Cyclic voltammograms of p-nitrophenol in the absence and presence of BSA
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Fig. $12. Cyclic voltammograms of 1.0 mM p-nitrophenol. Part I: in the absence and part I, in th
e presence of benzenesulfinic acid (1.0 mM) at glassy carbon electrode, in aqueous solution con

taining phosphate buffer (c =0.2 M, pH = 3.5). Scan rate: 50 mV/s. t =25+ 1 °C.
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IR spectrum of la
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'H NMR spectrum of 1a
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Expanded *H NMR spectrum of 1a
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13C NMR spectrum of 1a
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MS spectrum of 1a
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IR spectrum of 1b
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'H NMR spectra of 1b
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Expanded *H NMR spectrum of 1b
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13C NMR spectrum of 1b
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MS spectrum of 1b
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IR spectrum of 1c
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'H NMR spectrum of 1c
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Expanded *H NMR spectrum of 1c
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13C NMR spectrum of 1c
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MS spectrum of 1c
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IR spectrum of 2a
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IH NMR spectrum of 2a
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Expanded *H NMR spectrum of 2a
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13C NMR spectrum of 2a
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MS spectrum of 2a
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IR spectrum of 2b
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'H NMR spectrum of 2b
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Expanded *H NMR spectrum of 2b
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13C NMR spectrum of 2b
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MS spectrum of 2b
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IR spectrum of 2¢
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'H NMR spectrum of 2¢
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Expanded *H NMR spectrum of 2¢
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13C NMR spectrum of 2¢

pom

hi UNOoOW Iy
o RS0naan@yd SO NN SN
: L naannumoo BRBonMBNO G
g oyNNS AN © OO0 a
N R R R R UL R TR R Y
\\\%/
c{ 1] Cl
8
2c
; bl
| v ! 1
50

Current Data Paransters

NAME Makhtary
Exprn 107
PROCND 1

F2 = Aequisition Parameters
Date_ 20141129
Tine 9.2
INSTAM spect
PROEH) 5 ma ONP 1H/13
PULPROG 259530

0 32768
SOLVENT OMs0

NS 12

05 4
SHH 30030.023 W2
FIORES 0.316444 1
0 0545633 sec
' 36491

)] 16,650 usec
0E 6.50 usec
T 280K
Dt 1.00000000 sec
a1 0.03900000 sec

DELTA 0.89933958 sec
MCREST 0.00000000 sec

MCRRK 0.01500000 sec
wezzzzzz (HANNEL f{ =ssssase
NCY 13X

P 16.00 usec
P -3.00 03
SFOY 125.7703543 Mz
szzsszas CHANNEL [2 sesmsnan
CPOPRG2 walt21e
NuC L]
PCPD2 70.00 usec
¥ 0.00 68
AL 15.50 08
k] 15.50 a8

SF02 500. 1320005 Mz

F2 - Processing paraneters

St 2768

§ 125.7577350 Mz

MOR N

58 0

L8 1.00 He

8 0

[ 1.40

10 NMR plot parameters

X 20.00 e

3] 19.34 cn

FiP 216.445 ppm

3] 27219.64 W2

FoP -0.218 ppn

f -21.43 e

PPNCH 10.63316 ppn/en

HICN 1362.35364 Ha/cn
- |

51



MS spectrum of 2c
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IR spectrum of 3a

102,
100

%

%

)
861 w3 Y

129.0cm

ST

\ 591.66em-1
& 3362.910m1 \ 686, 86cm-1
1446.720m-1 1089.58cm-1
n )

©\ o /©/ by \© 162;124398'613°m'
o) ey
B & \
7 ~N
O H 3a

1268 86oq-
80+
8 11429%m

n 1 | | | | 1 L
4000 300 3000 2500 200 1500 1000 500400
om-1

—_

53



'H NMR spectrum of 3a
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Expanded *H NMR spectrum of 3a
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Expanded *C NMR spectrum of 3a
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MS spectrum of 3a
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IR spectrum of 3b
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'H NMR spectrum of 3b
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Expanded *H NMR spectrum of 3b
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13C NMR spectrum of 3b
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Expanded *C NMR spectrum of 3b

= = = =
= = = =
= = = =
_ 1 1 1 1 1 1 1 1
SELELL
EFEFLL
TELELL
Si=t=g=JN
EEFELL
o
T
(@)
BAET L o,/“P/o
Iz
U ’
(22}
2T
fomozl Ox3
o)
LG G L H
FLLLTL ——
FoioTl J/
. (@)
SELBTL —. 2>

09F 6T L ———
ETOBT L ——

29l 1L

1150

1200

1250

1300

ppm (t1)

63



MS spectrum of 3b
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IR spectrum of 3¢
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'H NMR spectrum of 3c
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Expanded *H NMR spectrum of 3¢
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13C NMR spectrum of 3¢
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Expanded *C NMR spectrum of 3¢
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MS spectrum of 3c
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IR spectrum of 4a
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'H NMR spectrum of 4a
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13C NMR spectrum of 4a
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MS spectrum of 4a
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IR spectrum of 4b
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'H NMR spectrum of 4b
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13C NMR spectrum of 4b
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MS spectrum of 4b
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IR spectrum of 4c
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'H NMR spectrum of 4c
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Expanded *H NMR spectrum of 4c

5084 —
A

5294

LG L [/
1662
o ——

[=) [=) [=) (=) (=) (=}
[ = =] [ = (=] (=] =
(= [Ny = o (= [
o o =) — — )
| | | | | |
o
F1.15
aFL's
1989
coy
975’0 - 2.81

- 1.89

I 3.80

I 3.45

6.0C

50

7.00

7.50

8.50
ppm (t1}

81



Expanded *H NMR spectrum of 4c (with D20)
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13C NMR spectrum of 4c
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MS spectrum of 4c
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