Supplementary Material (ESI) for Green Chemistry
This journal is (c) The Royal Society of Chemistry 2011

SUPPORTING INFORMATION

An environmentally benign approach for the synthesis of bifunctional
sulfonamide-amide compounds via isocyanide-based multicomponent

reactions
Ahmad Shaabani,* Afshin Sarvary, Sabrieh Ghasemi, Ali Hossein Rezayan,
Rahim Ghadari and Seik Weng Ng

Department of Chemistry, Shahid Beheshti University, P. O. Box 19396-4716, Tehran,

Iran

List of contents Page List of contents Page | List of contents | Page
Title, author’s name, 1 IR of 4g 35 "H NMR of 7a 61
address and table
Experimental Section of | 2-7 | '"H NMR of 4¢g 36 | "CNMRof7a |62
4a-m
Experimental Section of | 8-11 | °C NMR of 4g 37 | IRof7b 63
Ta-¢
Mass of 4a 12 Mass of 4h 38 "H NMR of 7b 64
"H NMR of 4a 13 IR of 4h 39 BCNMR of 7b | 65
BC NMR of 4a 14 "H NMR of 4h 40 Mass of 7¢ 66
IR 4b 15 B3C NMR of 4h 41 IR of 7¢ 67
"H NMR of 4b 16 IR 4i 42 "THNMR of 7¢ | 68
BC NMR of 4b 17 "H NMR of 4i 43 BCNMR of 7¢ | 69
Mass of 4¢ 18 BC NMR of 4i 44 Mass of 7d 70
IR of 4c 19 Mass of 4j 45 IR of 7d 71
"H NMR of 4¢ 20 IR of 4j 46 "THNMR of 7d | 72
C NMR of 4¢ 21 'H NMR of 4 47 | B“CNMRof7d |73
Mass of 4d 22 "C NMR of 4j 48 | IR of 7e 74
IR of 4d 23 "H NMR of 4k 49 "HNMR of 7e¢ | 75
"H NMR of 4d 24 BC NMR of 4k 50 BCNMR of 7e | 76
BC NMR of 4d 25 Mass of 41 51 IR of 7f 77
Mass of 4e 26 IR of 41 52 "THNMR of 7f | 78
IR of 4e 27 "H NMR of 41 53 BCNMR of 7f | 79
'H NMR of 4e 28 | "C NMR of 4l 54 | IR of7g 80
“C NMR of 4¢ 29 | Mass of 4m 55 |'HNMRof7g |8l
Mass of 4f 30 | IR of 4m 56 | "CNMRof7g |82
IR of 4f 31 "H NMR of 4m 57 IR of 7h 83
"H NMR of 4f 32 C NMR of 4m 58 '"HNMR of 7h | 84
BC NMR of 4f 33 Mass of 7a 59 BCNMR of 7h | 85
Mass of 4¢g 34 IR of 7a 60




Supplementary Material (ESI) for Green Chemistry
This journal is (c) The Royal Society of Chemistry 2011

Experimental Section
General

Melting points were measured on an Electrothermal 9100 apparatus and are uncorrected.
Mass spectra were recorded on a FINNIGAN-MAT 8430 mass spectrometer operating at
an ionization potential of 70 eV. IR spectra were recorded on a Shimadzu IR-470
spectrometer. 'H and C NMR spectra were recorded on a BRUKER DRX-300
AVANCE spectrometer at 300.13 and 75.47 MHz. NMR spectra were obtained on
solution in CDCl; and DMSO-ds using TMS as internal standard. Elemental analyses
were carried out on a Thermo Finnigan Flash EA 1112 C,H, N analyzer. The chemicals

used in this work were purchased from Merck and Fluka Chemical Companies.

\ Lo 2 Typical procedure for preparation of Dimethyl 2-
Q © Nﬁ\@\ ((cyclohexylimino)methylene)-3-(4-
N=C methylphenylsulfonamido)succinate (4a): To a
o magnetically stirred solution of 4-
methylbenzenesulfonamide (0.17 g, 1.0 mmol) and dimethyl acetylenedicarboxylate
(0.15 g, 1.0 mmol) in H,O or CCl,H, (10 mL) was added, cyclohexyl isocyanide (0.11 g,
1.0 mmol) at room temperature. The mixture was finally stirred for 3h in H,O or 6h in
CClyH,. The solvent was removed under vacuum and the residue was crystallized from n-
hexan/dichloromethane (2:1) and the product 4a was obtained. White crystals (0.30 g,
yield 72%). mp 105-107 °C. IR (KBr) (vma/cm™): 2937, 2856, 1743, 1681, 1633. MS,
m/z (%): 377 (M™-45, 5), 395 (10), 198 (5), 171 (5), 155 (30), 91 (100), 55 (60). '"H NMR
(300 MHz, CDCl3): éu (ppm) 1.25-1.88 (10H, m, SCH; of cyclohexyl), 2.38 (3H, s, CH3),
3.58 (3H, s, O-CH3), 3.61 (3H, s, O-CH3), 3.76 (1H, m, CH-N), 4.64 (1H, d, *Juyu= 8.1
Hz, CHNH), 5.86 (1H,d, *Jyy= 8.1 Hz, CHNH), 7.25 (2H, d, *Juy= 8.1 Hz, arom), 7.71
(2H, d, *Jun= 8.1 Hz, arom). °C NMR (75 MHz, CDCl;): 8¢ (ppm) 21.5, 23.9, 25.1,
30.9, 33.3, 33.4, 51.5, 53.1, 53.6, 60.8, 61.9, 127.1, 129.4, 137.4, 143.4, 165.3, 168.3,
169.9. Anal. Calcd for Cy0HysN>OgS: C, 56.86; H, 6.20; N, 6.63. Found: C, 56.94; H,
6.14; N, 6.51.
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. Po. 2 Diethyl 2-((cyclohexylimino)methylene)-3-
© Nﬁ (phenylsulfonamido)succinate (4b): White crystals (0.35 g,
NER S 81%).76-79 mp °C. IR (KBr) (vma/cm’™): 3234, 2935, 2860,
o \— 2060, 1754, 1672. 'H NMR (300 MHz, CDCL): 8 (ppm)

1.15-1.96 (16H, m, 5CH; of cyclohexyl, 20CH,CH3), 3.80 (1H, bs, CH-N), 4.02-4.13
(4H, m, 20CH,CH3), 4.67 (1H, d, *J= 8.1 Hz, CH-NH), 5.87 (1H, d, *J= 8.1 Hz, CH-
NH), 7.46-7.88 (5H, m, arom). °C NMR (75 MHz, CDCls): 8¢ (ppm) 13.9, 14.3, 23.8,
25.1, 33.3, 53.8 , 60.4, 60.8, 62.3, 62.4, 127.1, 128.9, 132.5, 140.5, 165.7, 168.4, 169.3.
Anal. Calcd for C, HysN-OgS: C, 57.78; H, 6.47; N, 6.42. Found: C, 57.82; H, 6.57; N,
6.49.

_\O 00\\3,9 Diethyl 2-((2,6-dimethylphenylimino)methylene)-3-(4-

NH methylphenylsulfonamido)succinate (4¢): White crystals

NER S (0.37 g, 78%). mp 151-153 °C. IR (KB) (vVima/cm™'): 3234,
@7 o 2988, 2916, 2058, 1751, 1668. MS, m/z (%): 473 (M'+1,

2), 399 (5), 353 (5), 317 (10), 271 (5), 225 (10), 199 (5), 171 (10), 155 (15), 120 (20), 91
(100), 65 (25). '"H NMR (300 MHz, CDCl3): &y (ppm) 1.15-1.22 (6H, m, 20CH,CHj3),
2.37 (9H, bs, 3CHs), 4.05-4.18 (4H, m, 2 O-CH,CH3), 4.80 (1H, d, *Jux= 8.0 Hz,
CHNH), 5.93 (1H, d, *Juy= 8.0 Hz, CHNH), 7.11-7.75 (7H, m, arom). °*C NMR (75
MHz, CDCls): 8¢ (ppm) 13.9, 14.4, 18.8, 21.5, 54.2, 58.3, 60.5, 62.3, 127.1, 128.4, 128.5,
129.4, 132.2, 133.9, 137.7, 143.2, 163.6, 168.1, 169.3. Anal. Calcd for Co4sHsN,O6S: C,
61.00; H, 5.97; N, 5.93. Found: C, 61.03; H, 5.91; N, 6.01.

A( °o\ 0 Di-tert-butyl 2-(phenylsulfonamido)-3-((2,4,4

o ) trimethylpentan-2-ylimino)methylene)succinate
Ad:c NH\@ (4d): White crystals (0.38 g, 68%). mp 135-138 °C. IR
o o)v (KBr) (Vma/cm™): 3222, 2971, 2067, 1730, 1692. MS,

m/z (%): 523 (M'+1, 2), 299 (20), 269 (15), 141 (20),
93 (20), 77 (100), 57 (60). 'H NMR (300 MHz, DMSO-dy): &y (ppm) 0.92 (9H, s,
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C(CHs)3 ), 1.33 (6H, s, C(CHs),), 1.38 (9H, s, OC(CHs)3), 1.41(9H, s, OC(CH3)3), 1.53
(1H, AB-q, “Ju=14.7 Hz, CHAHg), 1.90 (1H, AB-q, °Juz=14.7 Hz, CHAHjg), 6.59 (CH-
NH), 7.36-7.84 (5H, m, arom), 8.12 (1H, s, CH-NH). *C NMR (75 MHz, CDCls): 8¢
(ppm) 27.7, 27.8, 28.0, 31.5, 31.6, 51.1, 57.8, 62.8, 128.9, 129.4, 130.3, 141.9, 157.5,
161.6, 162.6. Anal. Calcd for C,7H4N,O4S: C, 62.04; H, 8.10; N, 5.36. Found: C, 62.17;
H, 7.98; N, 5.48.

( 0o 9 Diethyl 2-((cyclohexylimino)methylene)-3-(4-
o s methylphenylsulfonamido)succinate (4e): White
\©\ crystals (0.33 g, 73%). mp 115-117 °C. IR (KBr) (Vmax/cm’
o\_ ": 3222, 2936, 2859, 2064, 1751, 1671. MS, m/z (%): 421
(M"-29, 10), 377 (10), 295 (25), 155 (20), 91 (100), 55
(60). "H NMR (300 MHz, DMSO-dy): 8y (ppm) 1.06-1.82 (16H, m, 5CH; of cyclohexyl,
20CH,CHs;), 2.35 (3H, s, CH3), 3.84 (1H, bs, CH-N), 3.90-3.97 (4H, m, 20CH,CH3),
4.63 (1H, d, *Juyy= 8.0 Hz, CHNH), 7.32 (2H, d, *Juy= 7.3 Hz, arom), 7.64 (2H, d, *Jun=
7.3 Hz, arom), 8.44 (1H, d, *Jyy= 8.0 Hz, CHNH). °C NMR (75 MHz, DMSO-dj): 8¢
(ppm) 14.2, 14.5, 21.3, 23.5, 25.2,32.9, 53.1, 60.3, 61.6, 62.4, 127.0, 129.7, 138.7, 142.9,
165.7, 167.9, 169.6. Anal. Calcd for C,,H30N,OS: C, 58.65; H, 6.71; N, 6.22. Found: C,
58.52; H, 6.79; N, 6.37.

\0 0 0‘\3/9 Dimethyl 2-((cyclohexylimino)methylene)-3-
N/H\© (phenylsulfonamido)succinate (4f): White crystals (0.33 g,

N=C o yield 80%). mp 87-90 °C. IR (KBr) (vmax/cm'l): 2939, 2847,
o 1753, 1688. MS, m/z (%): 408 (M", 10), 386 (2), 354 (20),

267 (100), 200 (30), 155 (20), 138 (20), 89 (60), 67 (40). "H NMR (300 MHz, CDCl3): &y
(ppm) 1.26-1.97 (10H, m, 5CH; of cyclohexyl), 3.58 (3H, s, OCH3), 3.62 (3H, s, OCH3),
3.78 (1H, m, CH-N), 4.68 (1H, d, *Juy= 8.2 Hz, CHNH), 5.93 (1H, d, *Juy= 8.2 Hz,
CHNH), 7.45-7.86 (5H, m, arom). >C NMR (75 MHz, CDCl3): 8¢ (ppm) 23.9, 25.1, 33.4
(C-cyclohexyl), 51.6 (CH-N), 53.1, 53.7 (20CH3), 60.8 (CH-NH), 61.8 (C=N), 127.1,
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128.9, 132.6, 140.4 (C-Ar), 164.7 (C=C=N), 168.9, 169.9 (2C=0). Anal. Calcd for
Ci9H24N206S: C, 55.87; H, 5.92; N, 6.86. Found: C, 55.91; H, 6.02; N, 6.79.

o\ 9 Diethyl 2-(phenylsulfonamido)-3-((2,4,4-

7<—P NH\© trimethylpentan-2-ylimino)methylene)succinate (4g):

White crystals (0.35 g, 75%). mp 142-145 °C. IR (KBr)
(Vmax/cm™): 3283, 2963, 2897, 2065, 1738, 1691. MS, m/z (%): 459 (M-8, 2), 385 (10),
339 (5), 302 (10), 244 (10), 198 (10), 141 (20), 103 (5), 77 (100), 51 (20). 'H NMR (300
MHz, CDCls): i (ppm) 1.04 (9H, s, C(CHs)3 ), 1.14-1.23 (6H, m, 20CH,CHs), 1.47 (6H,
s, C(CHs),), 1.63 (2H, s, CH,), 4.00-4.13 (4H, m, 20CH,CHj3), 4.65 (1H, d, *Jun= 8.2 Hz,
CHNH), 5.88 (1H, d, *Juy= 8.2 Hz, CHNH), 7.42-7.96 (5H, m, arom). °C NMR (75
MHz, CDCls): ¢ (ppm) 13.9, 14.3, 31.15, 31.25, 31.38, 31.7, 53.7, 54.6, 60.3, 62.2, 63.4,
65.5, 127.1, 128.8, 132.5, 140.0, 164.9, 168.5, 169.4. Anal. Calcd for C3H34N2O6S: C,
59.21; H, 7.34; N, 6.00. Found: C, 59.08; H, 7.47; N, 5.94.

O // Diethyl 2-(4-methylphenylsulfonamido)-3-((2,4,4-
trimethylpentan-2-ylimino)methylene)succinate (4h):
White crystals (0.37 g, 78%). mp 84-86 °C. IR (KBr)

(vmax/cm'l): 3229, 2993, 2947, 2056, 1751, 1675. MS, m/z
(%): 481 (M +1, 1), 369 (2), 351(3), 323 (10), 247 (10), 213 (100), 155 (20), 107 (10), 91
(80), 57 (70). 'H NMR (300 MHz, CDCls): 8y (ppm) 1.15 (9H, s, C(CH3)3 ), 1.15-1.20
(6H, m, 20CH,CH3), 1.47 (6H, s, C(CH3),), 1.63 (2H, s, CH,), 2.41 (3H, s, CH3), 4.01-
4.14 (4H, m, 20CH,CH3), 4.62 (1H, d, *Jun= 8.3 Hz, CHNH), 5.82 (1H, d, *Juy= 8.3 Hz,
CHNH), 7.26 (2H, d, *Juy= 8.4 Hz, arom), 7.74 (2H, d, *Juu= 8.4 Hz, arom). °C NMR
(75 MHz, CDCl3): 8¢ (ppm) 14.0, 14.3, 21.5, 31.1, 31.3, 31.4, 31.7, 53.7, 54.7, 60.3,
62.2, 63.5, 65.5, 127.2, 129.4, 137.5, 143.2, 165.1, 168.5, 169.5. Anal. Calcd for
Ca4H36N2O6S: C, 59.98; H, 7.55; N, 5.83. Found: C, 59.73; H, 7.41; N, 5.88.
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N /, Diethyl 2-((2,6-dimethylphenylimino)methylene)-3-
NH\© (phenylsulfonamido)succinate (4i): White crystals (0.35 g,

2 f % 77%). mp 142-145 °C. IR (KBr) (Vma/cm™): 3231, 2991,

2914, 2062, 1754, 1666. '"H NMR (300 MHz, CDCls): &y
(ppm) 1.13-1.20 (6H, m, 20CH,CH;), 2.37 (6H, s, 2CH;), 4.05-4.14 (4H, m, 2 O-
CH,CHj3), 4.82 (1H, d, *Jyu= 8.1 Hz, CHNH), 6.04 (1H, d, *Jyy= 8.1 Hz, CHNH), 7.05-
7.86 (8H, m, arom). >C NMR (75 MHz, CDCl): 8¢ (ppm) 14.0, 14.4, 18.9, 54.3, 58.2,
60.5, 62.4, 127.0, 128.4, 128.5, 128.8, 132.1, 132.5, 134.0, 140.7, 163.5, 168.1, 169.2.
Anal. Caled for Co3HpN,06S: C, 60.25; H, 5.72; N, 6.11. Found: C, 60.23; H, 5.68; N,
6.11.

\ PQo. 0 Dimethyl 2-(phenylsulfonamido)-3-((2,4,4-
(o} =S
>1( N/H\© trimethylpentan-2-ylimino)methylene)succinate 4));
N=C

0 White crystals (0.32 g, 73%). mp 93-96 °C. IR (KBr)

o (Vma/em™): 3273, 2968, 2894, 2066, 1760, 1678. MS, m/z

(%): 340 (M'-98, 5), 295 (5), 254 (5), 199 (10), 155 (20), 124 (10), 95 (50), 57 (100). 'H

NMR (300 MHz, CDCls): 8y (ppm) 1.04 (9H, s, C(CHs); ), 1.15 (6H, s, C(CHs),), 1.63

(2H, s, CH,), 3.59 (3H, s, OCHs), 3.65 (3H, s, OCH3), 4.67 (1H, d, *Juu= 8.2 Hz,

CHNH), 5.86 (1H, d, *Juy= 8.2 Hz, CHNH), 7.43-7.88 (5H, m, arom). °C NMR (75

MHz, CDCls): 8¢ (ppm) 31.1, 31.2, 31.4, 31.7, 51.4, 53.1, 53.6, 54.7, 62.9, 65.7, 127.1,

128.9, 132.6, 140.4, 163.8, 169.0, 169.9. Anal. Calcd for C2H3N,OS: CC, 57.51; H,
6.90; N, 6.39. Found: C, 57.47; H, 6.79; N, 6.24.

\ Po. P Dimethyl 2-((tert-butylimino)methylene)-3-(4-
© Nﬁ\©\ methylphenylsulfonamido)succinate (4k): White crystals
NER (0.32 g, yield 82%). mp 125-128 °C. IR (KBr) (vmay/cm’™):

o 2947, 1749, 1683, 1635. '"H NMR (300 MHz, CDCl;): 8y
(ppm) 1.34 (9H, s, C(CHs);), 2.42 (3H, s, CHs), 3.63 (6H, bs, 20-CHs), 4.65 (1H, d,
3Jun= 8.1 Hz, CHNH), 5.78 (1H, d, *Juy= 8.1 Hz, CHNH), 7.28 (2H, d, *Jun= 7.7 Hz,
arom), 7.74 (2H, d, *Juy= 7.7 Hz, arom). °C NMR (75 MHz, CDCl;): 8¢ (ppm) 21.5,
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30.3, 51.6, 53.1, 53.6, 62.9, 63.8, 127.2, 129.5, 137.3, 143.4, 165.9, 168.8, 170.0. Anal.
Calcd for CisH24N>06S: C, 54.53; H, 6.10; N, 7.07. Found: C, 54.44; H, 6.16; N, 7.00.

Dimethyl 2-((2,6-dimethylphenylimino)methylene)-3-

Q (phenylsulfonamido)succinate (41): White crystals (0.33 g,

NH/© 76%). mp 165-167 °C. IR (KBr) (Vma/cm™): 3119, 2952,

0~ \‘ 2921, 2078, 1750, 1662. MS, m/z (%): 430 (M", 5), 371 (20),

339 (5), 289 (10), 274 (5), 198 (5), 170 (20), 141 (30), 103 (10), 77 (100). "H NMR (300

MHz, CDCls): &y (ppm) 2.38 (6H, s, 2CH3), 3.62 (3H, s, O-CH3), 3.68 (3H, s, O-CH3),

4.85 (1H, d, *Juy= 8.2 Hz, CHNH), 5.98 (1H, d, *Juy= 8.2 Hz, CHNH), 7.11-7.88 (8H,

m, arom). "C NMR (75 MHz, CDCl;): 8¢ (ppm) 18.9, 51.6, 53.2, 54.1, 57.8, 127.1,

128.6, 128.8, 128.9, 131.7, 132.6, 134.7, 140.6, 163.4, 168.7, 169.8. Anal. Calcd for
Co1H2oNLO6S: C, 58.59; H, 5.15; N, 6.51. Found: C, 58.46; H, 5.16; N, 6.57.

\ 0o 9 Dimethyl 2-((2,6-dimethylphenylimino)methylene)-3-

o s (4-methylphenylsulfonamido)succinate (4m): White
NC%NHO\ crystals (0.34 g, 76%). mp 166-169 °C. IR (KBr) (Via/cm’
@7 g O\ 1:3212, 2952, 2842, 2068, 1764, 1675. MS, m/z (%): 444
(M", 5), 630 (5), 385 (50), 274 (20), 171 (20), 155 (40),

91 (100), 65 (50). "H NMR (300 MHz, CDCls): 8y (ppm) 2.37 (6H, s, 2CH3), 2.40 (3H,
s, CH3), 3.63 (3H, s, O-CH3), 3.68 (3H, s, O-CH3), 4.83 (1H, d, *Juys= 8.2 Hz, CHNH),
5.93 (1H,d, *Jup= 8.2 Hz, CHNH), 7.11-7.19 (3H, m, arom), 7.23 (2H, d, *Jux= 8.1 Hz,
arom), 7.72 (2H, d, *Jup= 8.1 Hz, arom). >C NMR (75 MHz, CDCls): 8¢ (ppm) 18.9,
21.5,51.5,53.1,54.1, 57.8, 127.1, 128.5, 128.7, 129.4, 131.8, 134.4, 137.6, 143.3, 162.7,

168.6, 169.8. Anal. Calcd for CooH24N»O6S: C, 59.45; H, 5.44; N, 6.30. Found: C, 59.54;
H, 5.32; N, 6.27.
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Typical procedure for preparation of Dimethyl 2-
| (methylsulfonamido)-3-(2,4,4-trimethylpentan-2-

0__0
NH O, _ ylcarbamoyl)succinate (7g): To a magnetically stirred solution
o H/ ‘o of methanesulfonamide (0.09 g, 1.0 mmol) and dimethyl
~
0" "0 acetylenedicarboxylate (0.14 g, 1.0 mmol) in H,O (10 mL) was

added, 1,1,3,3-tetramethyl-butyl (0.14 g, 1.0 mmol) at room temperature. The mixture
was finally stirred for 3h in H,O at room temperature and kept 12h at 80 °C. After
completion of the reaction, as indicated by TLC (ethyl acetate/n-hexane, 1:1), the
precipitate was washed with ethyl acetate/n-hexane, (1:3) and the product 7g was
obtained as a white crystals (0.31 g, 80%). mp 126-129 °C. IR (KBr) (Vma/cm™): 3358,
3178, 2957, 2916, 1735, 1654. "H NMR (300 MHz, DMSO-d;): 8y (ppm) 0.92 (9H, s,
C(CHs)3), 1.27 (6H, s, C(CHs),), 1.56 (1H, AB-q, “Juy=14.5 Hz, CHAHg), 1.77 (1H, AB-
q, “Jun=14.5 Hz, CHAHp), 2.91 (S-CH3), 3.60 (3H, s, OCHj3), 3.63 (3H, s, OCH3), 3.84
(1H, d, *Juy= 8.2 Hz, CH), 4.50 (1H, dd, *Jiys= 9.5 and 8.2 Hz, CHNH), 7.47 (1H, d,
3Jun= 9.5 Hz, CH-NH), 7.74 (1H, s, CONH). *C NMR (75 MHz, CDCls): 8¢ (ppm)
29.2,29.4,31.5, 31.6, 42.1, 50.6, 52.5, 52.8, 54.6, 55.0, 55.4, 164.6, 168.6, 171.0. Anal.
Calcd for C;¢H3oN,O-S: C, 48.71; H, 7.67; N, 7.10. Found: C, 48.65; H, 7.74; N, 7.11.

O\ | Dimethyl 2-(cyclohexylcarbamoyl)-3-(4-
NHO Oo\\ o methylphenylsulfonamido)succinate (7a): White crystals
o N’ ¢ (0.33 g, yield 75%). mp 152-155 °C. IR (KBr) (vma/cm™):
~o Yo H Q 3354, 3171, 2947, 2828, 1730, 1651, 1608. MS, m/z (%): 421
(M'+1, 10), 359 (5), 282 (5), 256 (10), 224 (10), 199 (10), 171

(20), 155 (25), 128 (20), 91 (10), 70 (60). "H NMR (300 MHz, CDCl3): &y (ppm) 1.10-
1.66 (10H, m, 5CH, of cyclohexyl), 2.35 (3H, s, CH3), 3.21 (3H, s, O-CH3), 3.36 (1H, m,
CHNH), 3.54 (3H, s, O-CHs), 3.72 (1H, d, *Jun= 9.7 Hz, CH), 442 (1H, dd, *Jiuu= 9.6
and 9.5 Hz, CHNH), 7.33 (2H, d, *Juy= 7.6 Hz, arom), 7.61 (2H, d, *Juu= 7.6 Hz, arom),
7.99 (1H, d, *Juyy= 7.5 Hz, CONH), 8.12 (1H, d, *Jyn= 9.6 Hz, NHSO,). ( °C NMR (75
MHz, CDCls): 8¢ (ppm) 21.4, 24.8, 25.6, 32.1, 48.5, 52.2, 52.7, 54.2, 55.1, 126.9, 129.6,
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139.1, 142.9, 164.0, 168.4, 170.2. Anal. Calcd for Cy0H»N,OS: C, 54.53; H, 6.41; N,
6.36. Found: C, 54.41; H, 6.40; N, 6.19.

(bos

o N’
H
o0 Yo

Diethyl 2-(cyclohexylcarbamoyl)-3-
(phenylsulfonamido)succinate (7b): White crystals (0.35 g,
78%). mp 152-155 °C. IR (KBr) (Vmax/cm™"): 3452, 3248, 2937,
2855, 1739, 1654, 1552. '"H NMR (300 MHz, CDCls): dy
(ppm) 1.06-1.88 (16H, m, SCH; of cyclohexyl, 20CH,CH5),

3.70 (1H, bs, CH-NH), 3.97 (4H, bs, 20CH,CHj3), 4.21 (1H, bs, CH), 4.74 (1H, bs, CH-
NH), 5.92 (1H, bs, CH-NH), 7.08 (1H, bs, CH-NH), 7.51-7.88 (5H, m, aromatic). "*C
NMR (75 MHz, CDCl3): 8¢ (ppm) 13.8, 13.9 (2 OCH,CH3), 24.5, 24.6, 25.4, 32.6, 32.7,
48.6, 53.8, 55.6, 62.3, 62.5, 127.2, 128.9, 132.7, 140.2, 164.4, 168.8, 169.4. Anal. Calcd
for C,1H30N,04S: C, 55.49; H, 6.65; N, 6.16. Found: C, 55.58; H, 6.81; N, 6.20.

Diethyl 2-(2,6-dimethylphenylcarbamoyl)-3-(4-
methylphenylsulfonamido)succinate (7c): White crystals
(0.36 g, 73%). mp 162-164 °C. IR (KBr) (Vma/cm™): 3454,
3253, 2931, 2858, 1732, 1661, 1578. MS, m/z (%): 444
(M'+1, 5), 342 (5), 320 (10), 296 (5), 244 (10), 200 (20), 171

(20), 155 (20), 121 (30),91 (100), 65 (50). '"H NMR (300 MHz, CDCls): 8y (ppm) 1.03
(3H, bs, OCH,CH3), 1.30 (3H, bs, OCH,CH3), 2.17 (6H, s, 2CH3), 2.40 (3H, s, CHs),
3.97 (3H, bs, O-CH,CH; and CH), 4.27 (2H, bs, O-CH,CHj3), 4.75 (1H, bs, CH-NH), 6.23
(1H, bs, CH-NH), 7.00-7.77 (7H, m, arom), 8.44 (1H, s, NHCO). >C NMR (75 MHz,
CDClL): 8¢ (ppm) 13.6, 14.0, 18.4, 21.5, 54.7, 55.0, 62.3, 32.5, 127.3, 127.4, 128.0,
129.6, 133.3, 135.3, 136.9, 143.7, 164.5, 168.3, 169.4. Anal. Calcd for Co4sH3oN,O5S: C,
58.76; H, 6.16; N, 5.71. Found: C, 58.82; H, 6.09; N, 5.69.
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Di-tert-butyl 2-(4-methylphenylsulfonamido)-3-(2,4,4-
trimethylpentan-2-ylcarbamoyl)succinate (7d): White
\ Q/ crystals (0.47 g, 85%). mp 85-88 °C. IR (KBr) (Vinax/cm™):
)I\/[ 3337, 3238, 2974, 2859, 1732, 1694, 1552. MS, m/z (%):
323 (M'-231, 10), 267 (10), 223 (5), 198 (5), 155 (20),
112 (30), 91 (60), 57 (100). 'H NMR (300 MHz, CDCl;):
O (ppm) 1.00 (9H, s, C(CHs)3 ), 1.31 (18H, bs, 20C(CHs)3), 1.40 (6H, s, C(CHs3),), 1.57
(2H, s, CH»), 2.35 (3H, s, CH3), 4.42 (1H, d, *Juy= 6.7 Hz, CH), 5.24 (1H, bs, CHNH),
5.76 (1H, d, , *Jun= 6.7 Hz, CH-NH), 7.21(2H, d, *Juy= 7.5 Hz, arom), 7.68 (2H, d,
3Jun= 7.5 Hz, arom), 7.77 (1H, bs, NHCO). >C NMR (75 MHz, CDCl;): 8¢ (ppm) 21.4,
27.7,28.3,31.2,31.3,31.7,54.1, 54.5, 65.1, 65.3, 80.4, 82.5, 127.1, 129.4, 137.8, 143.0,
167.6, 167.7, 168.3. Anal. Calcd for C,sH46N,O5S: C, 60.62; H, 8.36; N, 5.05. Found: C,
60.56; H, 8.34; N, 5.09.

O\ \ Diethyl 2-(cyclohexylcarbamoyl)-3-(4-

0o.__0 methylphenylsulfonamido)succinate (7e): White crystals

o N/s/ (0.38 g, 81%). mp 141-143 °C. IR (KBr) (Vma/cm™): 3282,

0o H Q 2934, 2850, 1735, 1646, 1561, 1445. '"H NMR (300 MHz,

CDCl): dn (ppm) 1.05-1.88 (16H, m, SCH, of cyclohexyl,

20CH,CHs3), 2.41 (3H, s, CHs), 3.74 (1H, bs, CH), 3.95-4.22 (5H, m, OCH,CHj; and

CH), 4.72 (1H, d, *Jux=8.4, CHNH), 5.79 (1H, d, *Jun=8.4, CHNH), 7.2 (1H, bs,

CHNH), 7.28 (2H, d, *Ju=7.0, H-Ar), ), 7.2874 (2H, d, *Juy=7.0, H-Ar). °*C NMR (75

MHz, CDCls): d¢ (ppm) 13.7, 13.9, 21.5, 24.5, 25.4, 32.7, 48.6, 53.8, 55.5, 62.3, 62.4,

127.3, 129.5, 137.1, 143.5, 164.4, 168.9, 169.4. Anal. Calcd for C,,H3,N,04S: C, 56.39;
H, 6.88; N, 5.98. Found: C, 56.42; H, 6.73; N, 6.04.

O\ | Dimethyl 2-(cyclohexylcarbamoyl)-3-
NH 0 (phenylsulfonamido)succinate (7f): White crystals (0.31 g,

o N yield 74%). mp 138-140 °C. IR (KBr) (vma/cm™): 3316, 3255,
H
~oo @ 2934, 2863, 1740, 1650, 1545, 1450. "H NMR (300 MHz,

10



Supplementary Material (ESI) for Green Chemistry
This journal is (c) The Royal Society of Chemistry 2011

CDCl3): 8y (ppm) 1.20-1.87 (10H, m, SCH; of cyclohexyl), 3.50 (3H, s, O-CH3), 3.70
(3H, s, O-CHj3), 3.76 (1H, bs, CHNH), 4.73 (1H, bs, CH), 5.95 (1H, bs, CHNH),
7.41(1H, bs, CHNH), 7.52-7.87 (5H, m, arom). ( °C NMR (75 MHz, CDCls): 8¢ (ppm)
24.5, 25.4, 32.5, 48.8, 53.0,53.5, 54.1, 55.1, 55.6, 127.2, 128.9, 129.1, 132.7, 164.5,
168.8, 169.9. Anal. Calcd for C19HyN,O4S: C, 53.51; H, 6.14; N, 6.57. Found: C, 53.57;
H, 6.16; N, 6.38.

O\ | Dimethyl 2-(cyclohexylcarbamoyl)-3-
NH 00 o (methylsulfonamido)succinate (7h): White crystals (0.25 g,
(o N/S< yield 70%). mp 132-135 °C. IR (KBr) (vima/cm™): 3282, 2913,

H
~o Yo 2847, 1733, 1646, 1264. '"H NMR (300 MHz, CDCl3): 8 (ppm)

1.26-1.66-2.03 (10H, m, 5CH, of cyclohexyl), 3.06 (3H, s, CO,CH;), 3.42(3H, s,
CO,CH3), 3.72 (3H, s, CHs), 3.80 (1H, bs, CHNH), 4.80 (1H, d, *Juy= 8.3 Hz, CH),
5.88 (1H,bs, CHNH), 6.94 (1H, d, *Juy= 7.5 Hz, arom). *C NMR (75 MHz, CDCl5): 8¢
(ppm) 23.9, 25.1, 33.4,42.0, 48.8, 51.8, 53.1, 53.5, 54.1, 164.7, 168.9, 170.5. Anal. Calcd
for C14H24N,0S: C, 46.14; H, 6.64; N, 7.69. Found: C, 46.23; H, 6.60; N, 7.83.

11
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