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Experimental

All chemical reagents were obtained from commercial suppliers and used without
further purification. Analytical thin-layer chromatography were performed on glass
plates precoated with silica gel impregnated with a fluorescent indicator (254 nm),
and the plates were visualized by exposure to ultraviolet light. All melting points were
uncorrected. Mass spectra were taken on a Finnigan TSQ Quantum—MS instrument
in the electrospray ionization (ESI) mode. 'H NMR, e NMR, COSY, HSQC and
HMBC spectra were recorded on a AVANCE 500 Bruker spectrometer operating at
500 MHz and 125 MHz in DMSO-dg, respectively, and chemical shifts were reported

in ppm. Elemental analyses were performed on a Yanagimoto MT3CHN recorder.

General Procedure for the Preparation of Dihydrothiophene Ureidoformamides

from Aldehyde, Malononitrile, 1,3-Thiazolidinedione and Amine

A mixture of aldehyde (2.0 mmol) and malononitrile (2.2 mmol) in PEG 400/H,O
(4.0 ml, v/v =1:1) was stirred at 80°C for 10 min. Then amine (2.0 mmol) and
1,3-thiazolidinedione (2.0 mmol) were added and the reaction was stirred at the
same temperature for several hours monitored by TLC. After the reaction
completed, water (10ml) was added to the mixture, and the precipitated was
separated by filtration and washed with water. The crude product was
recrystallized or washed with a mixture of ethanol and n-hexane to give the pure

product.
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Characterization Data

Molecular Formula = C,gH,(N,O,S
Formula Weight = 364.42094
e
NC NH “NH
\s
HoN

S-amino-4-cyano-3-phenyl-N-(phenylcarbamoyl)-2,3-dihydrothiophene-2-carboxamid
e 5a; mp: 242-244°C (lit. 244-246°C)"; white solid; 'H NMR (500MHz, DMSO-dc): &
=4.20 (s, 1H), 4.62 (s, 1H), 7.09-7.12 (m, 1H), 7.26 (s, 2H), 7.30-7.41 (m, 7H), 7.55
(d, 2H, J=7.5Hz), 10.29 (br, 1H), 10.77 (br, 1H). °C NMR (125MHz, DMSO-dg): =
51.94, 55.78, 70.82, 118.70, 120.25, 124.30, 127.59, 128.01, 129.23, 129.42, 137.91,
141.98, 151.05, 162.20, 172.84. MS (ESI) m/z: 363 (M-H). Anal. Calcd for
Ci9H16N4O,S: C, 62.62; H, 4.43; N, 15.37%, Found: C, 62.31; H, 4.53; N, 15.56%.

Molecular Formula = C,H,;CIN,O,S

Formula Weight = 398.866
NC NH NH©

S-amino-3-(4-chlorophenyl)-4-cyano-N-(phenylcarbamoyl)-2, 3-dihydrothiophene-2-c
arboxamide 5b; mp: 247-249°C(lit. 248-250°C)"; white solid, '"H NMR (500MHz,
DMSO-dg): 6 =4.17 (s, 1H), 4.62 (s, 1H), 7.09-7.12 (m, 1H), 7.31-7.39 (m, 5H), 7.46
(d, 2H, J=8.0Hz), 7.55 (d, 2H, J=8.0Hz), 10.28 (br, 1H), 10.77 (br, 1H). °C NMR
(125MHz, DMSO-dg): 6 = 51.27, 55.65, 70.46, 118.57, 120.24, 124.30, 129.19,
129.42, 129.54, 132.59, 137.90, 140.93, 151.06, 162.49, 172.70. MS (ESI) m/z: 397
(M-H)". Anal. Calcd for Ci9H;sCIN4O,S: C, 57.21; H, 3.79; N, 14.05%, Found: C,
57.38; H, 4.03; N, 13.96%.

Molecular Formula = C,,H,;N,O,S

Formula Weight = 394.44692
NC NH NH©

S-amino-4-cyano-3-(4-methoxyphenyl)-N-(phenylcarbamoyl)-2,3-dihydrothiophene-2-
carboxamide 5¢; mp 216-218°C(lit. 217-219°C)"; light yellow solid; 'H NMR
(500MHz, DMSO-d¢): 6 = 3.75 (s, 3H), 4.16 (s, 1H), 4.58 (d, 1H, J=2.0Hz), 6.95 (d,
2H, J=8.5Hz), 7.09-7.12 (m, 1H), 7.22 (s, 2H), 7.26 (d, 2H, J=8.5Hz), 7.33-7.36 (m,
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2H), 7.56 (d, 2H, J=8.0Hz), 10.30 (s, 1H), 10.78 (s, 1H). >C NMR (125MHz,
DMSO-dg): & = 51.43, 55.56, 56.03, 71.18, 114.58, 118.74, 120.25, 124.30, 128.72,
129.41, 133.75, 137.90, 151.04, 159.18, 161.89, 172.89. MS (ESI) m/z: 393 (M-H).
Anal. Calcd for CyoH;sN4O3S: C, 60.90; H, 4.60; N, 14.20%, Found: C, 60.78; H,
4.83; N, 13.96%.

Molecular Formula = C,H,;N,O,S

O Formula Weight = 414.47962
e
JJ\ H

NC NH "N
s

HoN

S-amino-4-cyano-3-(naphthalen-1-yl)-N-(phenylcarbamoyl)-2, 3-dihydrothiophene-2-c
arboxamide 5d; mp: 236-238°C; white solid, 'H NMR (500MHz, DMSO-ds): & =
4.15 (s, 1H), 5.46 (s, 1H), 7.10-7.13 (m, 1H), 7.34-7.40 (m, 4H), 7.47 (d, 1H,
J=7.0Hz), 7.57-7.66 (m, 5H), 7.91-7.95 (m, 2H), 8.03 (d, 1H, J=8.0Hz). >*C NMR
(125MHz, DMSO-d¢): 6 = 55.10, 69.25, 118.64, 120.31, 122.87, 124.35, 124.94,
126.08, 126.44, 127.48, 128.72, 129.42, 129.60, 130.84, 134.38, 136.40, 137.91,
150.97, 162.80, 172.88. MS (ESI) m/z: 413 (M-H)". Anal. Calcd for C,3H;sN4O,S: C,
66.65; H, 4.38; N, 13.52%, Found: C, 66.68; H, 4.29; N, 13.74%.

Molecular Formula = C,H,;CIN,O,S
©/CI Formula Weight = 398.866
NC NH NH

S-amino-N-(4-chlorophenylcarbamoyl)-4-cyano-3-phenyl-2, 3-dihydrothiophene-2-car
boxamide 5e; mp: 244-246°C(lit. 246-247°C)"; white solid; '"H NMR (500MHz,
DMSO-dg): & =4.19 (s, 1H), 4.61 (s, 1H), 7.25 (s, 2H), 7.31-7.40 (m, 7H), 7.60 (d, 2H,
J=8.0Hz), 10.31 (br, 1H), 10.81 (br, 1H). >C NMR (125MHz, DMSO-d¢): & = 51.94,
55.77,70.83, 118.67, 121.96, 127.58, 127.99, 128.01, 129.24, 136.94, 141.95, 151.08,
162.19, 172.76. MS (ESI) m/z: 397 (M-H)". Anal. Calcd for C;oH;sCIN4O,S: C, 57.21;
H, 3.79; N, 14.05%, Found: C, 56.98; H, 4.01; N, 13.89%.

Molecular Formula = C,,H,;N,O,S
@/ Formula Weight = 378.44752
NC NH NH

S-amino-4-cyano-3-phenyl-N-(p-tolylcarbamoyl)-2, 3-dihydrothiophene-2-carboxamid
e 5f; mp: >250°C(lit. >250°C)"; white solid; '"H NMR (500MHz, DMSO-de): & = 2.27
(s, 3H), 4.19 (s, 1H), 4.61 (d, 1H, J=2.0Hz), 7.14 (d, 2H, J=8.5Hz), 7.24 (s, 2H),
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7.31-7.35 (m, 3H), 7.38-7.44 (m, 4H), 10.21 (br, 1H), 10.73 (br, 1H). >C NMR

(125MHz, DMSO-de): 6 = 20.86, 51.99, 55.77, 70.85, 118.68, 120.25, 127.59, 128.00,

129.23, 133.33, 135.35, 141.99, 150.99, 162.20, 172.79. MS (ESI) m/z: 377 (M-H)".

Anal. Calcd for CyoHsN4O,S: C, 63.47; H, 4.79; N, 14.80%, Found: C, 63.45; H,
4.90; N, 14.76%.

O Molecular Formula = C,H,,N,O,S

Formula Weight =414.47962
NNe
NH”\NH

\—s
H,N

NC

S-amino-4-cyano-N-(1-naphthylcarbamoyl)-3-phenyl-2,3-dihydrothiophene-2-carbox
amide 5g; mp: 230-232°C; white solid; '"H NMR (500MHz, DMSO-dq): & = 4.28 (s,
1H), 4.71 (s, 1H), 7.30-7.34 (m, 3H), 7.40-7.43 (m, 4H), 7.51-7.54 (m, 1H), 7.59-7.62
(m, 1H), 7.70-7.73 (m, 1H), 7.76 (d, 1H, J=8.0Hz), 7.99-8.01 (m, 2H), 8.09 (d, 1H,
J=6.5Hz), 11.01 (br, 2H). >C NMR (125MHz, DMSO-d): & = 52.03, 55.81, 70.93,
118.63, 118.76, 120.87, 125.03, 126.04, 126.28, 126.74, 127.21, 127.61, 128.03,
129.15, 129.25, 132.87, 134.09, 142.10, 151.51, 162.24, 173.60. MS (ESI) m/z: 413
(M-H)". Anal. Calcd for C;3H;sN4O,S: C, 66.65; H, 4.38; N, 13.52%, Found: C, 66.71;
H, 4.48; N, 13.77%.

Molecular Formula = C,4H,;N;O,S

o o |\ Formula Weight = 365.409
I _

NG NH “NH N
\ s

HoN

S-amino-4-cyano-3-phenyl-N-(pyridin-2-ylcarbamoyl)-2,3-dihydrothiophene-2-carbo
xamide 5h; mp: 202-204°C; White solid; "H NMR (500MHz, DMSO-dg): & = 4.26 (s,
1H), 4.63 (s, 1H), 7.13-7.16 (m, 1H), 7.25 (s, 2H), 7.30-7.41 (m, 5H), 7.80-7.83 (m,
1H), 7.91 (s, 1H), 8.33 (d, 1H, J=4.0Hz), 10.62 (br, 1H), 10.98 (br, 1H). °*C NMR
(125MHz, DMSO-dg): 6 = 51.84, 56.03, 70.82, 113.53, 118.68, 120.20, 127.60,
128.01, 129.22, 139.07, 142.00, 148.69, 150.89, 151.26, 162.08, 172.92. MS (ESI)
m/z: 364 (M-H)". Anal. Calcd for C;sH;5Ns0,S: C, 59.16; H, 4.14; N, 19.17%, Found:
C, 59.29; H, 4.43; N, 18.88%.

Molecular Formula = C,4H,,N,O,S
Formula Weight = 356.442
0O JCJ)\ J
NC NH °N
s
HoN

N-[(5-amino-4-cyano-3-phenyl-2,3-dihydrothiophen-2-yl)carbonyl]piperidine-1-carb
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oxamide 6a; mp 220-222°C(lit. 220-222°C)* white solid; 'H NMR (500MHz,

DMSO-dg): 6 = 1.45 (d, 4H, J=5.0Hz), 1.52-1.54 (m, 2H), 3.30-3.33 (m, 4H), 4.43 (s,

1H), 4.61 (d, 1H, J=2.5Hz), 7.12 (s, 2H), 7.30-7.39 (m, 5H), 10.00 (s, 1H). °C NMR

(125MHz, DMSO-d¢): 6 = 24.20, 25.87, 45.64, 51.58, 56.17, 71.18, 118.86, 127.48,

127.87, 129.23, 142.75, 152.50, 162.25, 171.31. MS (ESI) m/z: 355 (M-H)". Anal.

Calcd for CgH,0N4O,S: C, 60.65; H, 5.66; N, 15.72%, Found: C, 60.49; H, 5.47; N,
15.68%.

Molecular Formula = C,;,H,;N,O,S
Formula Weight = 358.41482

HoN

N-[(5-amino-4-cyano-3-phenyl-2,3-dihydrothiophen-2-yl)carbonyl] morpholine-4-car
boxamide 6b; mp: 216-218°C; white solid; 'H NMR (500MHz, DMSO-d¢): & = 3.35
(d, 4H, J=5.5Hz), 3.54-3.56 (m, 4H), 4.42 (s, 1H), 4.60 (d, 1H, J=2.5Hz), 7.12 (s, 2H),
7.28-7.31 (m, 3H), 7.36-7.39 (m, 2H), 10.09 (s, 1H). °*C NMR (125MHz, DMSO-dg):
0 =45.13 51.48, 56.13, 66.30, 71.24, 118.88, 127.49, 127.88, 129.23, 142.75, 152.85,
162.20, 171.40. MS (ESI) m/z: 357 (M-H)". Anal. Calcd for C;7H;sN4O3S: C, 56.97; H,
5.06; N, 15.63%, Found: C, 57.06; H, 5.28; N, 15.44%.

Molecular Formula = C,;,H,,N,O,S

o Formula Weight = 344.4313

NC NHJJ\N/\
\_s

HoN

S-amino-4-cyano-N-(diethylcarbamoyl)-3-phenyl-2,3-dihydrothiophene-2-carboxami
de 6¢; mp: 174-176°C(lit. 174-177°C)*; white solid; "H NMR (500MHz, DMSO-dy): &
=1.01-1.04 (m, 6H), 3.25-3.26 (m, 4H), 4.50 (s, 1H), 4.30 (d, 1H, J=9.5Hz), 7.12 (s,
2H), 7.30-7.39 (m, 5H), 9.81 (s, 1H). °C NMR (125MHz, DMSO-d¢): & = 13.95,
41.60, 51.37, 56.43, 71.11, 118.89, 127.47, 127.86, 129.24, 142.78, 152.73, 162.27,
171.45. MS (ESI) m/z: 343 (M-H)". Anal. Calcd for C;7HoN4O,S: C, 59.28; H, 5.85;
N, 16.27%, Found: C, 59.16; H, 5.79; N, 16.43%.

Molecular Formula = C,gH,,N,O,S

Formula Weight = 370.46858
220
NC NH "NH
\—s

HoN

S-amino-4-cyano-N-(cyclohexylcarbamoyl)-3-phenyl-2,3-dihydrothiophene-2-carbox
amide 6d; mp: 228-230°C; white solid, 'H NMR (500MHz, DMSO-dg): 6 = 1.25-1.35
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(m, 5H), 1.54 (d, 1H, J=12Hz), 1.64 (d, 2H, J=8.0Hz), 1.81 (d, 2H, J=5.0Hz), 3.56 (s,

1H), 4.08 (s, 1H), 4.55 (d, 1H, J=2.0Hz), 7.20 (s, 2H), 7.29-7.39 (m, 5H), 8.17 (s, 1H),

10.43 (s, 1H). >C NMR (125MHz, DMSO-de): & = 24.62, 25.51, 32.70, 48.33, 51.99,

55.66, 70.89, 118. 64, 127.57, 127.96, 129.20, 141.99, 152.46, 162.19, 172.40. MS

(ESI) m/z: 369 (M-H)". Anal. Calcd for C19H2,N40,S: C, 61.60; H, 5.99; N, 15.12%,
Found: C, 61.37; H, 5.83; N, 15.40%.

Molecular Formula = C,¢H,,CIN,O,S

Formula Weight =404.91364
NC NH NHO

S-amino-3-(4-chlorophenyl)-4-cyano-N-(cyclohexylcarbamoyl)-2, 3-dihydrothiophene-
2-carboxamide 6e; mp: 240-242°C; white solid,; "H NMR (500MHz, DMSO-dg): & =
1.19-1.32 (m, 5H), 1.52 (s, 1H), 1.63 (s, 2H), 1.80 (s, 2H), 3.55 (s, 1H), 4.03 (s, 1H),
4.55 (s, 1H), 7.26 (s, 2H), 7.34 (d, 2H, J=7.5Hz), 7.44 (d, 2H, J=8.0Hz), 8.16 (s, 1H),
10.44 (s, 1H). >C NMR (125MHz, DMSO-de): & = 24.62, 25.49, 32.70, 48.49, 51.20,
55.51, 70.51, 118.52, 129.15, 129.52, 132.54, 140.95, 152.47, 162.47, 172.27. MS
(ESI) m/z: 403 (M-H)". Anal. Calcd for C;9H,;CIN4O,S: C, 56.36; H, 5.23; N, 13.84%,
Found: C, 56.44; H, 5.09; N, 13.68%.

Molecular Formula = C,,H,,N,0,S

43
Formula Weight = 400.49456
NC NH NHO

S-amino-4-cyano-N-(cyclohexylcarbamoyl)-3-(4-methoxyphenyl)-2,3-dihydrothiophen
e-2-carboxamide 6f, mp: 224-226°C; white solid, "H NMR (500MHz, DMSO-d¢): 6 =
1.19-1.35 (m, 5H), 1.53 (d, 1H, J=12.5Hz), 1.63 (s, 2H), 1.80 (d, 2H, J=5Hz), 3.55 (s,
1H), 3.75 (s, 3H), 4.01 (s, 1H), 4.50 (d, 1H, J=2.0Hz), 6.93 (d, 2H, J=8.5Hz),
7.17-7.22 (m, 4H), 8.17 (s, 1H), 10.44 (s, 1H). °C NMR (125MHz, DMSO-dg): & =
24.63, 25.49, 48.31, 51.40, 55.57, 55.88, 71.19, 114.56, 118.70, 128.69, 133.77,
152.45, 159.13, 161.85, 172.44. MS (ESI) m/z: 399 (M-H). Anal. Calcd for
C20H24N405S: C, 59.98; H, 6.04; N, 13.99%, Found: C, 60.02; H, 5.99; N, 13.87%.

Molecular Formula = C,H,,N,0,S

O Formula Weight = 420.52726
SV
JJ\ H

NC NH "N
s

HoN
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S-amino-4-cyano-N-(cyclohexylcarbamoyl)-3-(naphthalen-1-yl)-2,3-dihydrothiophene
-2-carboxamide 6g; mp: 238-240°C; white solid; '"H NMR (500MHz, DMSO-de): & =
1.22-1.31 (m, 5H), 1.54 (s, 1H), 1.67 (s, 2H), 1.85 (s, 2H), 3.57 (s, 1H), 4.04 (s, 1H),
5.39 (s, 1H), 7.36 (s, 2H), 7.44 (d, 1H, J=7.0Hz), 7.58-7.63 (m, 3H), 7.84 (d, 1H,
J=7.0Hz), 7.93 (d, 1H, J=7.5Hz), 8.02 (d, 1H, J=7.5Hz), 8.19 (s, 1H), 10.47 (s, 1H).
C NMR (125MHz, DMSO-de): & = 24.69, 25.51, 32.69, 48.52, 55.05, 69.26, 118.61,
122.73, 124.93, 126.06, 126.41, 127.41, 128.67, 129.60, 130.84, 134.37, 136.41,
152.37, 162.81, 172.54. MS (ESI) m/z: 419 (M-H)". Anal. Calcd for C,3H24N40,S: C,
65.69; H, 5.75; N, 13.32%, Found: C, 65.44; H, 5.68; N, 13.53%.

Molecular Formula = C,,H,,N,O,S

o Formula Weight = 344.4313

0
NC NHJJ\NH/\/\
\ s

HoN

S-amino-N-(butylcarbamoyl)-4-cyano-3-(naphthalen-1-yl)-2,3-dihydrothiophene-2-ca
rboxamide 6h; mp: 228-230°C; white solid; '"H NMR (500MHz, DMSO-d¢): & =
0.88-0.91 (s, 3H), 1.26-1.34 (m, 2H), 1.43-1.48 (m, 2H), 3.16 (d, 2H, J=6.5Hz), 4.10
(s, 1H), 4.56 (d, 1H, J=2.5Hz), 7.20 (s, 2H), 7.29-7.32 (m, 3H), 7.37-7.40 (m, 2H),
8.20 (br, 1H), 10.40 (s, 1H). C NMR (125MHz, DMSO-dy): & = 14.06, 19.97, 31.67,
39.15, 52.10, 55.66, 70.82, 118.65, 127.57, 127.97, 129.21, 141.99, 153.30, 162.19,
172.08. MS (ESI) m/z: 343 (M-H)". Anal. Calcd for C;7H,oN4O,S: C, 59.28; H, 5.85;
N, 16.27%, Found: C, 59.22; H, 5.69; N, 16.34%.

Molecular Formula = C,gH,,N,O,S

1) ?j\ @ Formula Weight = 370.46858
NC NH "NH
\—s

HoN

S-amino-4-cyano-3-cyclohexyl-N-(phenylcarbamoyl)-2,3-dihydrothiophene-2-carboxa
mide Ta; mp: 226-228°C; white solid; "H NMR (500MHz, DMSO-d¢): 6 = 1.08-1.24
(m, 5H), 1.52 (s, 1H), 1.64-1.75 (m, 5H), 3.30 (d, 1H, J=13.5Hz), 4.20 (s, 1H), 6.99 (s,
2H), 7.08-7.11 (m, 1H), 7.32-7.35 (m, 2H), 7.54 (d, 2H, J=8.0Hz), 10.23 (s, 1H),
10.72 (s, 1H). >C NMR (125MHz, DMSO-de): & = 26.25, 26.36, 26.47, 29.30, 29.57,
42.31, 50.41, 52.81, 68.73, 119.36, 120.25, 124.28, 129.39, 137.88, 151.05, 161.83,
173.61. MS (ESI) m/z: 369 (M-H)". Anal. Calcd for C;9H»,N4O,S: C, 61.60; H, 5.99;
N, 15.12%, Found: C, 61.42; H, 5.88; N, 15.31%.
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Molecular Formula = C,¢H,,CIN,O,S

o ©/C' Formula Weight = 404.91364
NHJJ\NH

0]

NC
s

HoN

S-amino-N-(4-chlorophenylcarbamoyl)-4-cyano-3-cyclohexyl-2,3-dihydrothiophene-2
-carboxamide Tb; mp: 220-222°C; white solid, '"H NMR (500MHz, DMSO-d¢): 6 =
1.16-1.24 (m, 5H), 1.52 (s, 1H), 1.63-1.74 (m, 5H), 3.28 (d, 1H, J=2.5Hz), 4.19 (s,
1H), 6.99 (s, 2H), 7.38 (d, 2H, J=8.5Hz), 7.59 (s, 2H, J=8.5Hz), 10.28 (s, 1H), 10.78
(s, 1H). °C NMR (125MHz, DMSO-de): & = 26.24, 26.35, 26.47, 29.32, 29.52, 42.30,
50.41, 52.77, 68.67, 119.37, 121.96, 127.95, 129.22, 136.91, 151.10, 161.84, 173.52.
MS (ESI) m/z: 403 (M-H)". Anal. Calcd for C;9H;;CIN4O,S: C, 56.36; H, 5.23; N,
13.84%, Found: C, 56.40; H, 5.37; N, 13.81%.

Molecular Formula = C,,H,,N,0,S

O O @/ Formula Weight = 384.49516
NH”\NH

s
HoN

NC

S-amino-4-cyano-3-cyclohexyl-N-(p-tolylcarbamoyl)-2, 3-dihydrothiophene-2-carboxa
mide Tc; mp: 216-218°C; white solid, "H NMR (500MHz, DMSO-dg): 6 = 1.14-1.23
(m, 5H), 1.52 (s, 1H), 1.67-1.74 (m, 5H), 2.26 (s, 3H), 3.29 (s, 1H), 4.20 (s, 1H), 6.98
(s, 2H), 7.13 (d, 2H, J=7.0Hz), 7.41 (d, 2H, J=7.0Hz), 10.17 (s, 1H), 10.70 (s, 1H).
1>C NMR (125MHz, DMSO-dg): & = 20.85, 26.25, 26.36, 26.47, 29.27, 29.57, 42.29,
50.80, 52.37, 52.80, 68.70, 119.37, 120.23, 133.30, 135.32, 151.00, 161.84, 173.57.
MS (ESI) m/z: 383 (M-H)". Anal. Calcd for C)H24N4O,S: C, 62.48; H, 6.29; N,
14.57%, Found: C, 62.37; H, 6.36; N, 14.82%.

O Molecular Formula = C,H,,N,0,S

Formula Weight =420.52726
NG
NH”\NH

\—s
H,N

NC

S-amino-4-cyano-3-cyclohexyl-N-(naphthalen-1-ylcarbamoyl)-2,3-dihydrothiophene-

2-carboxamide 7d; mp: 208-210°C; white solid; '"H NMR (500MHz, DMSO-dg): & =
1.14-1.25 (m, 5H), 1.56 (s, 1H), 1.65 (d, 1H, J=11.0Hz), 1.74 (s, 4H), 3.38 (d, 1H,
J=2.5Hz), 4.28 (s, 1H), 7.05 (s, 2H), 7.50-7.54 (m, 1H), 7.57-7.60 (m, 1H), 7.66-7.70
(m, 1H), 7.74 (d, 1H, J=8.5Hz), 7.95-7.99 (m, 2H), 8.10 (d, 1H, J=7.5Hz), 11.00 (br,
2H). C NMR (125MHz, DMSO-ds): & = 26.28, 26.40, 26.50, 29.30, 29.50, 42.50,
50.51, 52.92, 68.68, 118.51, 119.46, 120.80, 124.97, 125.95, 126.26, 126.71, 127.19,
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129.13, 132.85, 134.06, 151.50, 161.94, 174.39. MS (ESI) m/z: 419 (M-H)". Anal.
Calcd for C3H24N4O,S: C, 65.69; H, 5.75; N, 13.32%, Found: C, 65.77; H, 6.03; N,
13.62%.

Molecular Formula = C,4H,,N,O,S
1) ?j\ Formula Weight = 362.48964
NC NH "N
\ s
HoN

N-(5-amino-4-cyano-3-cyclohexyl-2,3-dihydrothiophene-2-carbonyl)piperidine-1-car
boxamide Te; mp: 200-202°C; white solid,; "H NMR (500MHz, DMSO-d¢): 6 =
1.07-1.18 (m, 6H), 1.47-1.72 (m, 13H), 3.34 (s, 3H), 4.40 (s, 1H), 6.86 (s, 2H), 9.92 (s,
1H). °C NMR (125MHz, DMSO-dg): & = 24.24, 25.92, 26.27, 26.38, 26.49, 29.28,
29.71, 42.38, 45.58, 50.59, 51.92, 68.89, 119.56, 152.57, 161.99, 172.01. MS (ESI)
m/z: 361 (M-H)". Anal. Calcd for C;sH»¢N4O,S: C, 59.64; H, 7.23; N, 15.46%, Found:
C,59.74; H, 7.01; N, 15.65%.

Molecular Formula = C,,H,,N,0,S

') Formula Weight = 364.46246

0
N
Ne— ] NH"@

HoN

N-(5-amino-4-cyano-3-cyclohexyl-2,3-dihydrothiophene-2-carbonyl)morpholine-4-ca
rboxamide 7f;, mp: 194-196°C; white solid, "H NMR (500MHz, DMSO-d¢): & =
1.13-1.23 (m, 5H), 1.47 (s, 1H), 1.65-1.73 (m, 5H), 3.32 (d, 1H, J=2.5Hz), 3.37 (s,
4H), 3.57 (s, 4H), 4.39 (s, 1H), 6.87 (s, 2H), 10.01 (s, 1H). °C NMR (125MHz,
DMSO-dg): 6 = 26.26, 26.38, 26.48, 29.35, 29.64, 42.45, 45.10, 50.70, 51.86, 66.34,
68.89, 119.57, 152.88, 161.96, 172.03. MS (ESI) m/z: 363 (M-H)". Anal. Calcd for
C17H24N405S: C, 56.02; H, 6.64; N, 15.37%, Found: C, 56.14; H, 7.02; N, 15.18%.

Molecular Formula = C,;H,,N,O,S

0 Formula Weight = 350.47894

o)
NC NHJJ\N/\
\_s

HoN

S-amino-4-cyano-3-cyclohexyl-N-(diethylcarbamoyl)-2, 3-dihydrothiophene-2-carbox
amide Tg; mp: 192-194°C; white solid; "H NMR (500MHz, DMSO-d¢): 6 = 1.00-1.23
(m, 11H), 1.47 (br, 1H), 1.65-1.73 (m, 5H), 3.27-3.34 (m, 5H), 4.48 (s, 1H), 6.861 (s,
2H), 9.74 (s, 1H). °C NMR (125MHz, DMSO-dq): & = 13.98, 26.26, 26.36, 26.49,
29.31, 29.77, 41.62, 42.34, 50.79, 51.80, 68.89, 119.59, 152.81, 162.00, 172.40. MS
(ESI) m/z: 349 (M-H)". Anal. Calcd for C17H26N40,S: C, 58.26; H, 7.48; N, 15.99%,
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Found: C, 58.14; H, 7.20; N, 15.92%.

Molecular Formula = C,gH,,N,O,S

O O O Formula Weight = 376.51622
NH”\NH
\s

HoN

NC

N-(5-amino-4-cyano-3-cyclohexyl-2,3-dihydrothiophene-2-carbonyl)piperidine-1-car
boxamide Th;, mp: 224-226°C; white solid,; '"H NMR (500MHz, DMSO-d¢): & =
1.01-1.34 (m, 10H), 1.48-1.54 (m, 2H), 1.64-1.80 (m, 9H), 3.21 (s, 1H), 3.54 (s, 1H),
4.09 (s, 1H), 6.94 (s, 2H), 8.13 (s, 1H), 10.39 (s, 1H). °C NMR (125MHz, DMSO-dy):
0 =19.01, 24.60, 25.59, 26.25, 26.34, 26.47, 29.20, 29.59, 32.66, 42.22, 48.28, 50.18,
52.82,56.49, 68.76, 119.32, 152.49, 161.82, 173.25. MS (ESI) m/z: 375 (M-H)". Anal.
Calcd for C9H23N4O,S: C, 60.61; H, 7.50; N, 14.88%, Found: C, 60.59; H, 7.26; N,
14.94%.

Molecular Formula = C,;H,,N,O,S

0 Formula Weight = 350.47894

0
NC NHJJ\NH/\/\
\ s

HoN

S-amino-N-(butylcarbamoyl)-4-cyano-3-cyclohexyl-2,3-dihydrothiophene-2-carboxa
mide Ti; mp: 198-200°C; white solid, "H NMR (500MHz, DMSO-de): 6 = 0.86-0.89 (t,
3H), 1.03-1.31 (m, 10H), 1.41-1.48 (m, 3H), 1.63-1.73 (m, 5H), 3.15 (d, 2H, J=6.5Hz)
3.23 (s, 1H), 4.10 (s, 1H), 6.93 (s, 2H), 8.16 (s, 1H), 10.36 (s, 1H). °C NMR
(125MHz, DMSO-d¢): 6 = 14.03, 19.96, 26.27, 26.35, 26.47, 29.11, 29.63, 31.66,
39.11, 42.14, 50.10, 52.86, 68.74, 119.31, 153.35, 161.79, 172.96. MS (ESI) m/z: 349
(M-H)". Anal. Calcd for C17H,6N40,S: C, 58.26; H, 7.48; N, 15.99%, Found: C, 58.19;
H, 7.64; N, 16.12%.

NHy  Molecular Formula = C,,H,,NgO,S,
S N\ Formula Weight = 650.73004
CN

o o /©/NHT]/NH
NHlJ\NH © 0

NC

HoN

N,N'-(1,4-phenylenebis(azanediyl))bis(oxomethylene)bis(5-amino-4-cyano-3-phenyl-2
,3-dihydrothiophene-2-carboxamide) 8a; mp: 230-232°C; light brown solid, 'H NMR
(500MHz, DMSO-d¢): 6 = 4.18 (s, 2H), 4.61 (s, 2H), 7.25 (br, 4H), 7.34-7.40 (m,
10H), 7.52 (br, 4H), 10.26 (br, 2H), 10.77 (br, 2H). *C NMR (125MHz, DMSO-dy): &
=51.96, 55.77, 70.82, 118.69, 120.90, 127.59, 128.01, 129.23, 133.83, 141.98, 151.04,
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162.21, 172.75. MS (ESI) m/z: 649 (M-H)". Anal. Calcd for Cs,H,6N3O4S,: C, 59.06;
H, 4.03; N, 17.22%, Found: C, 59.09; H, 4.27; N, 16.97%.

Molecular Formula = C,H,,N;O,S,

NH,
Formula Weight = 602.68724

0] S\

CN

0
NG NHJJ\NH/\/NHTI/NH
0

O
HoN

N,N'-(ethane-1,2-diylbis(azanediyl))bis(oxomethylene)bis(5-amino-4-cyano-3-phenyl-
2,3-dihydrothiophene-2-carboxamide) 8b; mp: 206-208°C; light brown solid, 'H
NMR (500MHz, DMSO-de): 6 = 3.32 (s, 4H), 4.09 (s, 2H), 4.56 (s, 2H), 7.22 (s, 4H),
7.30-7.37 (m, 6H), 7.39 (d, 4H, J=7.5Hz), 8.33 (s, 2H), 10.47 (br, 2H). °C NMR
(125MHz, DMSO-dg): 6 =39.62, 52.08, 55.67, 70.75, 118.71, 127.58, 127.99, 129.23,
141.95, 153.67, 162.24, 171.83. MS (ESI) m/z: 601 (M-H). MS (ESI) m/z: 649
(M-H)". Anal. Calcd for CysH26NsO4S,: C, 55.80; H, 4.35; N, 18.59%, Found: C,
55.59; H, 4.19; N, 18.47%.

Molecular Formula = C,,H,,N,O,S,
Formula Weight =630.7404

CN

0 0
" NHJJ\NH/\/\/NHT]/NH
\_s 0O 0

H,N

N,N'-(butane-1,4-diylbis(azanediyl))bis(oxomethylene)bis(5-amino-4-cyano-3-phenyl-
2,3-dihydrothiophene-2-carboxamide) 8c; mp: 238-240°C; brown solid, '"H NMR
(500MHz, DMSO-dg): 6 = 1.47 (s, 4H), 3.18 (s, 4H), 4.09 (s, 2H), 4.57 (s, 2H), 7.22
(s, 4H), 7.31 (d, 6H, J=7.0Hz), 7.37-7.40 (m, 4H), 8.25 (s, 2H), 9.82 (br, 2H). C
NMR (125MHz, DMSO-de): & = 27.13, 39.20, 52.06, 55.68, 70.25, 70.79, 118.70,
127.59, 127.98, 129.22, 141.97, 153.36, 162.25, 172.03. MS (ESI) m/z: 629 (M-H)".
Anal. Calcd for C3gH30NgO4S,: C, 57.13; H, 4.79; N, 17.77%, Found: C, 56.89; H,
4.77; N, 17.65%.

NH, Molecular Formula = C,,H,,N,O,S,

0 Formula Weight = 642.83568

(0] S \ c

N

NH”\NH/\/\/NHTI/NH
(0]

0]

NC

H,N

N,N'-(butane-1,4-diylbis(azanediyl))bis(oxomethylene)bis(5-amino-4-cyano-3-cyclohe
xyl-2,3-dihydrothiophene-2-carboxamide) 8d; mp: 210-212°C; brown solid, 'H NMR
(500MHz, DMSO-dg): 6 = 1.06-1.21 (m, 10H), 1.44 (s, 6H), 1.63-1.71 (m, 10H), 3.15
(s, 4H), 3.23 (s, 2H), 4.10 (s, 2H), 6.94 (s, 4H), 8.19 (s, 2H), 10.35 (br, 2H). °C NMR
(125MHz, DMSO-de): 6 = 26.26, 26.35, 26.47, 27.09, 27.90, 29.13, 29.62, 39.16,
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42.14, 50.14, 52.83, 68.77, 119.34, 153.40, 161.83, 172.87. MS (ESI) m/z: 641 (M-H)".

Anal. Calcd for C3gH4NgO4S,: C, 56.05; H, 6.59; N, 17.43%, Found: C, 56.13; H,
6.72; N, 17.66%.

O Molecular Formula = C,;H,NO,S

WNH Formula Weight = 205.23308
S
=

o)

5-benzylidenethiazolidine-2,4-dione 10a; mp: 238-240°C; white solid, 'H NMR
(500MHz, DMSO-d¢g): 6 = 7.46-7.48 (m, 1H), 7.51-7.54 (m, 2H), 7.58 (d, 2H,
J=7.5Hz), 7.78 (s, 1H), 12.63 (s, 1H). >C NMR (125MHz, DMSO-d): & = 124.05,
129.78, 130.47, 130.87, 132.23, 133.51, 167.81, 168.35. MS (ESI) m/z: 204 (M-H)".
Anal. Calcd for C10H/NO,S: C, 58.52; H, 3.44; N, 6.82%, Found: C, 58.23; H, 3.71;
N, 6.68%.

(1)J. Sun, E. Y. Xia, L. L. Zhang and C. G. Yan, Eur: J. Org. Chem., 2009, 5247.
(2)J. Sun, L. L. Zhang, E. Y. Xia and C. G. Yan, J. Org. Chem., 2009, 74, 3398.



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

.
Copies of NMR Spectra
oo Uy
o =) O o 00 0 MO O S 0 =P O WD o
[ L] ot Oy WM O N OOy — [=a
. Uy o = 0 oy 0 0 0 O o ) o O o —
S = L < <
|
T T T T T T T T T T T
11 10 9 8 7 6 5 4 3 2 1  ppm
= w o (o0 (L | = o
=1 = oW O |- -— —

'H NMR (500MHz, DMSO-ds) of Compound 5a

A M Ao

T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0

C NMR (125MHz, DMSO-dg) of Compound 5a

pRm




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

(2] (=]
[ (=) Lot BN ol s B ne e B e TN 5 B e TR = B it B oo o= ON
[ o Rl T S I <IN N o S e I R I - R o o N W
- Wy uyospo=p o o 00 0 0 0 o O R
S S e e e e e T T .
— — [l e e e e Sl el el ol el el = =r =
|
1
|
T T T ‘
7.6 7.4 7.2 ppm

11 10 9 8 7 6 5 4 3 2 1 ppm
5 5 Se|gls =P~
'H NMR (500MHz, DMSO-ds) of Compound 5b
|
s e e o o e |
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm

C NMR (125MHz, DMSO-dg) of Compound 5b




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

S g e e R R e =T T I e = = B B o — M W ™
~ ™ T Y T Al B s B e R e S R @ o Uy
. [F S Y R e B B S ISR PN B R R R = = WU o -
S 5 P VR -
| NP ||
| H
T I T I T T T T T T T 1
11 10 9 8 7 6 5 4 3 2 1  ppm
— o o IS I I =] o oo [
f=2] E=1] DC)C)C?_DC) = o L=]
o (=] S oSN~ oy — 0 3
1
H NMR (500MHz, DMSO-d¢) of Compound 5¢
l H J 4|1=_J"_1I L IJ_J
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm

C NMR (125MHz, DMSO-dg) of Compound 5¢




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

[T =y
L e T N e s S N T o I = = B e BN « B e BT B e I s B B e e S e T = e I e T L e T o S T ) (o]
=M )N W NN S W =P ™M SO0 00N O U s O WD e
- » D OO VOO WA D D WD s o) O ™ O = —
oo oSS Eaanaaaa T p
L = = T o T o el e e e A e L St Sl Sl el e Sl ol el e ¥ =
s e
B i
[ T T T T T T T T T T T 1
11 10 9 8 7 6 5 4 3 2 1 ppm
- o
o> (=] W [wo [y (W oo |00 k=] fd=)
= S SRS = =
— - O LD | =) | = - -—

'H NMR (500MHz, DMSO-ds) of Compound 5d

MMMMMMMW

T T
200 180 160

T
140 120 100 80 60 40 20

3C NMR (125MHz, DMSO-dg) of Compound 5d

T
0 ppm



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

- o
= — e N R N o B R = o
o [2s] — O Oh O W 0 U — o
. . E=l e Bt B st BAr IR e N | = —
S 3 L S, -
|
.| |
T T T T T T T T T T T
11 10 9 8 7 6 5 a4 3 2 1 ppm
o -— =r N|C) — o™
1
H NMR (500MHz, DMSO-de) of Compound Se
o ‘ J JL‘L | ol
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm

BC NMR (125MHz, DMSO-dg) of Compound 5e




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

—10.727
—10.210
441

[ T R T i A B BTy o= on
L e A T B e B W I ] — o [¥s)
= o= M o o o OO o

- - = = o

0 9 8 7 6 5 4 3 2 1 ppm

1.01
4.08
3.01
2.06
2.06
1.00
1.00
30

'H NMR (500MHz, DMSO-ds) of Compound 5f

T " T " T " T " T " T " T " T " T " T " T "
200 180 160 140 120 100 80 60 40 20 0  ppmj

C NMR (125MHz, DMSO-dg) of Compound 5f



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

L
— [ i I B T B R R Y e i = o A= R Vo T e W S Y
=] L e === B e T B T B ot e e T B e B B B LS BN
- = e R W T el e e o B R R W o B TS B T B F TS S U ST T s B N L |
4 & s s 4 s s s s w T T
— 0 00 @0 @0 [~ [~ [~ [~ [~ [~ [~ [~ [~ [~ [~ [~ [~ [~ [~ [~ [~ [~ =0 <¢
s
T T T T T T T T T
‘ 8.1 2.0 7.9 7.8 7.7 7.6 7.5 7.4 7.3 ppm

|

| |
T T T T T T T T T T T 1
11 10 9 8 7 6 5 4 3 2 1 pPpm
[=1 o [OW o oo |m = |=
= o~ oclalaa|o s o
o e P ] e e A —| |—

'H NMR (500MHz, DMSO-ds) of Compound 5g

-

T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm

C NMR (125MHz, DMSO-dg) of Compound 5g




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

=
@ o [ B B e = R e I T e B o3
o N M R R s s R =T e A 2 I (] o o
- Lar Ba BE=a T = e - B e A e B B e e A B I B B LE=T N |
P - . « & e e e = . -
— e e Lt Sl S e el e el e e e e = =
| S — |
| |
||
|
&
T T T T T T T T T T T 1
11 10 9 8 7 6 5 4 3 2 1 ppm
— = — | (v =T (W= o W
= =] ollalga —=als E=JI=1
- — = == g O = - -

'H NMR (500MHz, DMSO-ds) of Compound 5h

M O VA B

T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppmj

3C NMR (125MHz, DMSO-dg) of Compound 5h




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

g — WD O OO WY [=+ Il ap N =] ~ WO u — O O ==
(=] Lo T auu X+ e B LI | — ™ L I i) = o7 o =
= NN e R e
— ~ [~ [~ [~ [~ [~ = = = oy oy ™ — o~ o~
|
TTTTT T I TTTTT T I I T T T
10 8 7 6 5 4 3 2 1 ppmj
= o2~ far i) - o
— oo oy —— =5 od | =t
1
H NMR (500MHz, DMSO-d¢) of Compound 6a
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm

C NMR (125MHz, DMSO-dg) of Compound 6a



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

g [t = s T as T s W ] O =P o~ 00 O o Uy =
[ L= N e = A + s I | L Tl R S I T I S T AR
= oo eel e
— M~ [~ [~ [~ [~ [~ [~ R T T s T e T e e I
|
74 703 72 rEm
I I I I I I I I I I I
11 10 9 8 7 6 5 4 3 2 1 ppm
8 2513 gld &le
— oiled|ed —l— r |=r
1
H NMR (500MHz, DMSO-d¢) of Compound 6b
|
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm|

3C NMR (125MHz, DMSO-dg) of Compound 6b



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

/ l

ppm

8

=10

=11

11

10 9 8 7 6 5 4

ppm

COSY (500MHz, DMSO-d¢) of Compound 6b

PP

20

40

60

80

100

120

7 6 5 4 3 2

140

ppm

HSQC (500MHz, DMSO-ds) of Compound 6b



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

ppm
0
20
- e e 40
L] L
€0
* PN -Q.
80
100
N . 120
— APt 4
=0 [ 3] 140
]
[ 3] 160
[-
180
200
7 6 5 4 3 2 0 ppmMm
HMBC (500MHz, DMSO-ds) of Compound 6b
[t — o Uy O U o O QO o o— - o= o
[ S MO O [ BN st W oy o] o
(=] [ B B as B S s B ot o | OO = [aS BEa | [ e I ]
o e < o o ——
‘ | |
\ ]
T T T T T T T T T
10 9 8 7 6 5 4 3 1 ppm
s 28 22 = s
—= w5 o =c = P

'H NMR (500MHz, DMSO-ds) of Compound 6¢



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

i

LT —

T
140

200 180 160 120 100 80 60 40 20 0 ppm
13
C NMR (125MHz, DMSO-ds) of Compound 6¢
m (=2 BN TN el o0 B e T AN = B | [=2 I ¥ ) — [ OO O MO O U N O e D D
- WO O WO N O o O [Ta i) oo o = 2 B T et BTSN o B+ SR ¥ o ]
= =T e S e A
= e e e el L e o = = = [2e] e I B T B I R R
‘ |
o
| |
| 1
1
- A
T T T T T T T T T T 1
10 9 8 7 6 5 4 3 2 1 ppm
= o in (o) w i ) — (o w]|—
= =] =S| =2 @ =2 =2 2=
o (=] o o2 0 - =] ~— ooy |

'H NMR (500MHz, DMSO-ds) of Compound 6d



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

T LJw TS ————

T " T " T " T " T " T " T " T " T " T "
180 160 140 120 100 80 60 40 20 ppm

3C NMR (125MHz, DMSO-dg) of Compound 6d

[=)]
o 0 O WO a0 ) O o (o] o) O [ o e B I A, B T o e T
= Wy W oy = o WO uy (] [Fa AN =] [ Tt e T A T A B o M e B« s B = I = s ]
— = o= o uy o [Talnas] Uy a0 WO W o 0 O o e o
o oA . H DOLoomEmmam el el
— L e L i el = =t ™y Lo I I B B B B B e B |
]
1
v
[ T T T T T T T T T T |
10 9 8 7 6 5 4 3 2 1 ppm
o b= === = () ~ O | o
(=] = — ey —_ — — cdled|—

'H NMR (500MHz, DMSO-ds) of Compound 6e




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

T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0O ppm

C NMR (125MHz, DMSO-dg) of Compound 6e

uy
[at] [Ta] = o oy o i e B B i B e T o B B e
= (X1 o e T e e Bt | [ R e A L B B s T L A B L R s o T e s M A= =
- — o0 ] o OO [Fa RS e B o 1o = IR U =R Vo BT B as B 40 T oo Mo Bl NCAN I N ]
[=1 P a a2 s s e e oa s o o oa e e aa
— [=-] [~ [~ [~ O e T e T I B e B B B B B B B e B |
|
Vl
||
i
|
|
W " .j-—__
T T T T T T T T T T T T 1
11 10 9 8 7 6 5 4 3 2 1 0 ppm
w w O[O L] )y (L0 |~ o~y
=] = o | — od — = — od e | —

'H NMR (500MHz, DMSO-ds) of Compound 6f



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

WWW

T
200

T
180

T T T T
160 140 120 100 80 60 40

T
0 _ppm|

20

13

C NMR (125MHz, DMSO-de) of Compound 6f
—
(X} e A =T BT o B e T B B g B o I e L - ) = L ~— — Ly MO Uy QD ON] SN
=’ e B B AR B I E e B T s T B e o B A B ] (2 ™ 0w (=) = W0 o
. — O D Oh O O 0D MO MO U omp o= ) (o] = ey Ly [=+ERN =R B ss A |
o R ) . . . . .
— Lo R e e e i ol ol s ol ol Ly =t ™ ] o

‘|1|
. - . _ A _—
I T T T T T T T T T
10 9 8 7 6 5 4 3 2 ppm

=] m':rw‘mmooo [ (] [ <= |y
@« Q=== 22 = ] = e
= === =l | — i — — — ol e | —

"H NMR (500MHz, DMSO-ds) of Compound 6g



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

T
200 180 160 140 120 100 80 60 40 20 0 ppm

C NMR (125MHz, DMSO-dg) of Compound 6g

e
o e B e R = BT BN =Rt I R ] A= B B T T R L Y R R i ot = B )
(4] o [~ W o oo MO WD) O e Dy 0D ND D s My N O O e D O O D
- [ B s B TR A T Ao T A S LS BaN I ot | [Fo TN e B T IS S JIIES i - A e TCa s TN o 0 T U BN s A= <IN o)
o s a4 e a w a a e s s & s e & e w e & 4 e w e ® 2 a &
— L e L el el ol ol e I T e T B B R e B B R R I B e R )
=N - |
|
|
|
I
T T T T T T T T T T T T 1
11 10 9 8 7 6 5 4 3 2 1 0 ppm
uy [=] @ (| =+ o =] 0 || w
=] [=] odled od - - o odled| e

'H NMR (500MHz, DMSO-ds) of Compound 6h



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

[ R —— - b A AN e A

: : " :
180 160 140 120 100 80 60 40 20 ppm

3C NMR (125MHz, DMSO-dg) of Compound 6h

[+2) (a2}
— [22] L= I RN i R e L " =T ] ) Uy SN 0N U w0 uy e [an =y R B R I
[ (o] = o) o= 0 o~ O Gy 00 O [ s e R e TS LR = T el s T B S T = = T L N e T
- w0 0 o O Oy [aS B an T oo TN aN BN e T el ne X e K e N B F o oS e e B B B ]
— — e~ r-r- r-r- - e e Lo b= AR A T A B I B | o B B B B B B I B B |
|
| /
| [
i
1
. - - S — - o S
T T T T T T T T T T T T
11 10 9 8 7 6 5 4 3 2 1 0 ppm
o =t 2 (== - o — | WO
=] f=] o od v=|od — — wi =

'H NMR (500MHz, DMSO-ds) of Compound 7a



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

A A o

T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm

C NMR (125MHz, DMSO-dg) of Compound 7a

_ A _ D . | __ ppm

— it

10

12
12 11 10 9 8 7 6 5 a 3 2 1 0 ppm

COSY (500MHz, DMSO-dg) of Compound 7a



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

PPN

20

40

60

80

100

140

12 11 10 9 8 7 6 5 a 3 2 1 0 ppm

HSQC (500MHz, DMSO-ds) of Compound 7a

pPm

20
— '] B

40

o)
*>
-
-

8

-

60

80

100

120

|

140

| - o 160

180

200

12 11 10 9 8 7 6 5 a 3 2 1 0 ppm

HMBC (500MHz, DMSO-d¢) of Compound 7a



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

g: g — o= O o 0 e e = s B =T Lt B B B B e o B B e A
- o [ R N =] Lo Rl e R I I R R A e - I ]
- . Y s B B = B I B TR B el et - B VR B Vo T o RS |
= = N e R T I T g R R g R
| |
|
I I
(-
|
Yool
!
T T T T T T T T T T T
11 10 9 8 7 6 5 4 3 2 1 ppm
o ~ oo | o o o (o) o
=] = 22| (2 = = (=2
= = LRl R~ ™ ~— wy i~
1
H NMR (500MHz, DMSO-d¢) of Compound 7b
T
200 130 150 140 120 100 0 ppm

3C NMR (125MHz, DMSO-dg) of Compound 7b



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

2 $ ) O o Uy o= B =y B o BT o I =R U T N e T s + B aa e I o]
(-] — [l BTl o B I« o] (o B e BN TS e R o R A B A B = B S T B i
- - = = O e BETE R B e = TN - T T, BN B B B ]
3 3 e e ! 0 el o] o ) o
I
'| | |
{ 1
A
T T T T T T T T T T T T
11 10 9 8 7 6 5 4 3 2 1 0 ppm
=] [ae] b L L=1 © (=] o« w (ol —
x <« =222 2 =2 = (=22
=] = o o e —_ — 3 i | —
1
H NMR (500MHz, DMSO-d¢) of Compound 7¢
MLM
|
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm

3C NMR (125MHz, DMSO-dg) of Compound 7¢



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

5

L= e LI = T S BT o B T B s R - I R o B IRt T B e I [ =) O O [ [ MDD o ] O O G0 s u e
) e = e B R B Y I = - B~ R R I s S S = [~ W00 WD D MDD D O S e WD =
. D O R Oh O - e MDD MDD 1 WD 0 1 W [ I e Tt I s T T LR =R T o T e B B o |
= e i  a i a a d B e T ISV Qe R S L R

=SSN | S
[ '|
M ‘ b
| ]
I |
T T T T T T T T T T T
11 10 9 8 7 6 5 4 3 2 1  ppm
o oo o|S|=| = o« = (=~
— i — =i — = oF |l——f
1
H NMR (500MHz, DMSO-d¢) of Compound 7d
|
| 1
W
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm

3C NMR (125MHz, DMSO-dg) of Compound 7d




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

=T [o=] o — O WO O O OO
o (¥=] (=1 = = — =p Y - - O3
(=% [==] = o s [ T o I s B B =]
o w -+ o L S R R R A

|

|

T T T T T T T T T
10 9 8 7 6 5 4 3 2 1 pPpm|
[=*] (=] = ¢ [==] o4 =

< < = = NS

[=] o — o o ow

'H NMR (500MHz, DMSO-ds) of Compound 7e

n——

T
200

T
180

T T T T T
160 140 120 100 80 60 40 20 0 ppm

BC NMR (125MHz, DMSO-dg) of Compound 7e



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

2 o0 Wy O [ o= 0 OO o0 ) ] O o= 0] [ o W) O
(=) O [os RN B - Lo e B T B B e A i o = s B o B 0 ]
- oo [aa I o R as B os BEAS TS T T el e X = RN < RS N e e s s B |
= o Bt Tt Tt Tt T T g S R R
I ‘
|
' | I
l
'
T T T T T T T T T T T
11 10 9 8 7 6 5 a 3 2 1 ppm
(=3 = — = (O |00 — | o
= =3 o (=A== olga|—= -
= o — = ¢ [— o e | —
1
H NMR (500MHz, DMSO-d¢) of Compound 7f
I
|
N
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm

C NMR (125MHz, DMSO-dg) of Compound 7f




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

~ ppn]

£ 10

11

11

10 9 8 7 6 5 a4 3 2 1 0 ppm

COSY (500MHz, DMSO-dg) of Compound 7f

| ppm

20

40

60

80

100

120

140

11

10

9 8 7 6 5 a 3 2 1 0 ppm

HSQC (500MHz, DMSO-d¢) of Compound 7f



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

pPPM

20

40

60

80

100

120

140

+ ¥ 160

180

200

10 9 8 7 6 5 a 3 2 1 0 ppm

HMBC (500MHz, DMSO-d¢) of Compound 7f

DD
- D O
o1 U

9.736
6.861
4,481
33
-3.307
2
3.279
LT3
1.712
1.672
3
1.182
1.157
1.132
-1.100
1.070
-1.043
1.024
1.000

4

1473
1.23

1.208

11 10 9 8 7 6 5 a 3 2 1 0 ppm
R = g 3 2(2|g
= i = i w2

"H NMR (500MHz, DMSO-ds) of Compound 7g



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

T
160 140 120 100 80 60

WMMW

200 180 20 0 ppm
13
C NMR (125MHz, DMSO-d¢) of Compound 7g
rc:a- (=) [an e o oS B AN BN B e R At =T e o e o o's B en B~ T S o i I B i o B s L E e e R e T et
(2] o L Ae ol U e i T o A T s A B B I B i g B e B o i L B o LT = L e B s F = s B |
S ~ i D A S S i S e B A B A A S A R A
— [es] L=l S B as B an B I I B B B | e e B T B B T B B B e B B B B B e I B
—— ,_____“-____.__.'_-._________,_._....__
y
|
‘ [ : i
}|| T |
Ii ‘{ 1.5 prm
|
\
I I T I I T I I I T I I I I
10 9 8 7 6 5 4 3 2 0 -1 -2 ppm
w (=21 =3 =3 (=30 r] o ooy
fe-] [=+] {=1 = [=TNik=] L= ls ]
o P=1 od - - o o ci|lg

'H NMR (500MHz, DMSO-ds) of Compound 7h



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

T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm

3C NMR (125MHz, DMSO-dg) of Compound 7h

—

o [t T o B B i B = B o = R o e e s B e A= T B e B T Y R e R e I i B oA A B e e R ]

oy R = B T B e o T L B e B e B B = B e T T L e e e BT T B I ]

- L = BEAR T B B B I e N = T = s U e s L e AR B B A e B B B B B B e i an S S )

=1 e s s s s s & % w & w w o+ e w s w @ s @ & 2 & w w & w o+ & s s s w e

— [ e T e B B B R B R R A A A A A A A A A A AA A D oD
) —_— s

T T T T

1.6 1.4 1.z 1.0 ppm

11 10 9 8

0.78

204 ™
095 o
196, w
523 N

w0
™~
[=]

1.02
3.16
218
3.05

'H NMR (500MHz, DMSO-ds) of Compound 7i




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

el o
"

- : " R

bl
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 __ppm
13 .
C NMR (125MHz, DMSO-d¢) of Compound 7i
g 3 L I e e B & I L] =
[ [a] o N Qo Wy o) = — (=)
. - [T B B e LA T o s BN | o —
S 3 l“: [“ [“- l‘: [“ [“ = TI:
. |
I I I I I I I I I I 1
11 10 9 8 7 6 5 4 3 2 ppm
o g glels 5 8

'H NMR (500MHz, DMSO-ds) of Compound 8a




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

WMMMWW

T
160 140 120 100 80 60 40 20 0 ppm

200 180
13
C NMR (125MHz, DMSO-de) of Compound 8a
rCc; Can T s B e N TN et | — o = (s
- L R R R RN o o — — o
. e B T A B se W e B e o] o oy o T
= N - = oo e
‘ |
B I rrrrrtreTTT I T I I I T T I
11 10 9 8 7 6 5 4 3 2 1 pPpm
© w ©~S = o =1
= =] S =e | | =
— — =F LD | =t od o -

'H NMR (500MHz, DMSO-ds) of Compound 8b



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

W 0

T
200

T
180

T T T T T
160 140 120 100 80 60 40

20

T
0 ppm

C NMR (125MHz, DMSO-dg) of Compound 8b

11

10 9 8 7 6 5

4

2

ppm

10

11

ppm

COSY (500MHz, DMSO-d¢) of Compound 8b



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

PPN

20

|

40

60

80

100

120

140

S WO W

11 10 9 8 7 6 5 a 3 2 ppm

HSQC (500MHz, DMSO-ds) of Compound 8b

 pPPM

20

40

E 3
-
L ]

60

80

100

120

L3 W 140

160

180

200

11 10 9 8 7 6 5 4 3 2 ppm

HMBC (500MHz, DMSO-ds) of Compound 8b



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

oo U S WD 00 = W= o =
— WO QD S W o ~ -
[=-] N M MmN (2] = — =r
=2 Lo e el ol o = = ™y —
|
T T T |
7.4 7.3 7.2 mom
]
| |
R [ e A -
........ I B T B o L e
11 10 =] 8 7 6 5 4 3 2 1 pPpm
uy o3 — DS Ly f=-] ~ [=-]
— - = || = o o - ==

'H NMR (500MHz, DMSO-ds) of Compound 8¢

T
200 180 160 140 120 100 80 60 40 20 0 ppm

C NMR (125MHz, DMSO-ds) of Compound 8¢




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

o — [Te) fae] oo oo U o o 0 O = o [
[aa] (=3} [aa] (=1 o = [T B N BN~ = L I ]
- — [=a% — L | [l = o B B B =]
S w 3 e R BT i S
f
T T T T T T T T T T T |
11 10 9 8 7 6 5 4 3 2 1 ppm
& 8 8 S 2= 2=8
1
H NMR (500MHz, DMSO-d¢) of Compound 8d
| I .
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm

3C NMR (125MHz, DMSO-dg) of Compound 8d




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

ppm

-10

11

11 10 9 ] 7 6 5 4 3 2 1 0 ppm

COSY (500MHz, DMSO-d) of Compound 8d

_ ppm

20

60

80

100

120

140

10 o 8 7 6 5 a 3 2 1 ppm

HSQC (500MHz, DMSO-ds) of Compound 8d



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

i

LU

11

10 9 8 7 6 5 4 3

ppm

20

40

60

80

100

120

140

160

180

200

ppm

HMBC (500MHz, DMSO-d¢) of Compound 8d

12.630

7.

ppm

1.02

12

11

m_
e
o
.
I

10 9

1.05
2.00
2.02/
0.99

[

ppm

'H NMR (500MHz, DMSO-de) of Compound 10




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

[

T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0O ppm

C NMR (125MHz, DMSO-ds) of Compound 10





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /PageByPage
  /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 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /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 true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 200
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 1.30
    /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 true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 1.30
    /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 true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /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 <>
    /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.)
    /ENG ()
  >>
>> setdistillerparams
<<
  /HWResolution [200 200]
  /PageSize [595.276 841.890]
>> setpagedevice


