
Page S1

Electronic Supporting Information (ESI)

3-(Benzo[d][1,3]dioxol-5-ylamino)-N-(4-fluorophenyl)thiophene-2-
carboxamide overcomes cancer chemoresistance via inhibition of 
angiogenesis and P-glycoprotein efflux pump activity†‡

Ramesh Mudududdla, a,b Santosh K. Guru,c Abubakar Wani,c Sadhana Sharma,⊥ Prashant 
Joshi, a,b Ram A. Vishwakarma, a,b Ajay Kumar,*, c  Shashi Bhushan,*, c and Sandip B. 
Bharate* , a,b

aMedicinal Chemistry Division, CSIR-Indian Institute of Integrative Medicine (CSIR), Canal Road, 
Jammu-180001, India. Fax: +91-191-2586333; Tel: +91-191-2585006 (Extn. 345); *E-mail: 
sbharate@iiim.ac.in; sandipbharate@gmail.com (S.B.B.)

bAcademy of Scientific & Innovative Research (AcSIR), CSIR-Indian Institute of Integrative Medicine, 
Canal Road, Jammu-180001, India

cCancer Pharmacology Division, CSIR-Indian Institute of Integrative Medicine, Canal Road, Jammu-

180001, India. E-mail: ajaykmahajan@hotmail.com (AK), sbhushan@iiim.ac.in (S.B.)

† IIIM Publication number. IIIM/1756/2015

CONTENTS

S1. Scanned copies of 1H, 13C, DEPT, 19F-NMR copies of 1a-w.
S2. HPLC data of 1a-w.

S3. Structures of thiophene-2-carboxamides 1a-w
S4. MTT assay of combined treatment of doxorubicin with P-gp inhibitors 1l and 1m

Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry.
This journal is © The Royal Society of Chemistry 2015

mailto:sbharate@iiim.ac.in
mailto:sandipbharate@gmail.com
mailto:ajaykmahajan@hotmail.com
mailto:sbhushan@iiim.ac.in


Page S2

S1. Scanned copies of 1H, 13C, DEPT, 19F-NMR copies of 1a-w.
3-((4-((4-Fluorobenzyl)oxy)phenyl)amino)-N-(4-(trifluoromethoxy)phenyl)thiophene-2-carboxamide (1a).
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3-(Quinolin-3-ylamino)-N-(4-(trifluoromethoxy)phenyl)thiophene-2-carboxamide (1b). 
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-180-170-160-150-140-130-120-110-100-90-80-70-60-50-40-30-20-10010203040
f1 (ppm)

H1
RMSO-14
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3

N-(4-(Trifluoromethoxy)phenyl)-3-((4-((3-(trifluoromethyl)benzyl)oxy)phenyl)amino)thiophene-
2-carboxamide (1c).
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-170-160-150-140-130-120-110-100-90-80-70-60-50-40-30-20-1001020304050
f1 (ppm)
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N-(4-(Trifluoromethoxy)phenyl)-3-((3-((3-(trifluoromethyl)benzyl)oxy)phenyl)amino)thiophene-
2-carboxamide (1d). 

0.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.510.0
f1 (ppm)
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2 Parameter Value

1 Data File
Name

C:/ Users/
SONY/
Desktop/ 33/
fid

2 Title Desktop

3 Comment RMSO-28

4 Origin Bruker
BioSpin
GmbH

5 Owner IIIM

6 Site

7 Spectromete
r

spect

8 Author

9 Solvent CDCl3

10 Temperature 300.0

11 Pulse
Sequence

zg30

12 Number of
Scans

16

13 Receiver
Gain

161

14 Relaxation
Delay

0.5000

15 Pulse Width 13.1000

16 Acquisition
Time

2.7263

17 Acquisition
Date

2014-07-16T
17:02:55

18 Modification
Date

2014-07-18T
15:59:45

19 Spectromete
r Frequency

400.13

20 Spectral
Width

12019.2

21 Lowest
Frequency

-3107.3

22 Nucleus 1H

23 Acquired Size 32768

24 Spectral Size 65536
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-100-95-90-85-80-75-70-65-60-55-50-45-40-35-30
f1 (ppm)
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3-((3-Fluoro-[1,1'-biphenyl]-4-yl)amino)-N-(4-(trifluoromethoxy)phenyl)thiophene-2-
carboxamide (1e). 
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-200-190-180-170-160-150-140-130-120-110-100-90-80-70-60-50-40-30-20-100102030
f1 (ppm)

10-july-mcd-2a
RMSO-43

-1
16

.0
91

-1
16

.0
65

-1
16

.0
36

-5
8.

09
7

3-((2,3-Dihydrobenzo[b][1,4]dioxin-6-yl)amino)-N-(4-(trifluoromethoxy)phenyl)thiophene-2-
carboxamide (1f).
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-180-170-160-150-140-130-120-110-100-90-80-70-60-50-40-30-20-10010203040
f1 (ppm)

10-july-mcd-2a
RMSO-44
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8

3-((3-Bromo-5-fluorophenyl)amino)-N-(4-(trifluoromethoxy)phenyl)thiophene-2-carboxamide (1g).

0.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.510.010.5
f1 (ppm)
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4 Parameter Value

1 Data File
Name

E:/ OSI-930/
OSI-930
DATA/
RMSO-74/
fid

2 Title OSI-930
DATA

3 Comment RMSO-74

4 Origin Bruker
BioSpin
GmbH

5 Owner IIIM

6 Site

7 Spectromete
r

spect

8 Author

9 Solvent CDCl3

10 Temperature 300.0

11 Pulse
Sequence

zg30

12 Number of
Scans

16

13 Receiver
Gain

114

14 Relaxation
Delay

0.5000

15 Pulse Width 13.1000

16 Acquisition
Time

2.7263

17 Acquisition
Date

2012-11-26T
11:27:05

18 Modification
Date

2012-11-26T
11:27:08

19 Spectromete
r Frequency

400.13

20 Spectral
Width

12019.2

21 Lowest
Frequency

-3140.8

22 Nucleus 1H

23 Acquired Size 32768

24 Spectral Size 65536
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0102030405060708090100110120130140150160170180
f1 (ppm)

RMSO-74 C13-NMR
HR-074
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Parameter Value

1 Data File
Name

E:/ OSI-930/
OSI-930
DATA/
RMSO-74
C13-NMR/
34/ fid

2 Title RMSO-74
C13-NMR

3 Comment HR-074

4 Origin Bruker
BioSpin
GmbH

5 Owner IIIM

6 Site

7 Spectrometer spect

8 Author

9 Solvent CDCl3

10 Temperature 300.0

11 Pulse
Sequence

zgpg30

12 Number of
Scans

404

13 Receiver Gain 128

14 Relaxation
Delay

1.0000

15 Pulse Width 9.2000

16 Acquisition
Time

1.2976

17 Acquisition
Date

2013-02-19T
15:16:19

18 Modification
Date

2013-02-20T
12:52:40

19 Spectrometer
Frequency

100.61

20 Spectral
Width

25252.5

21 Lowest
Frequency

-2565.5

22 Nucleus 13C

23 Acquired Size 32768

24 Spectral Size 65536

0102030405060708090100110120130140150160
f1 (ppm)

RMSO-74 C13-NMR
HR-074
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1 Data File
Name

E:/ OSI-930/
OSI-930
DATA/
RMSO-74
C13-NMR/
35/ fid

2 Title RMSO-74
C13-NMR

3 Comment HR-074

4 Origin Bruker
BioSpin
GmbH

5 Owner IIIM

6 Site

7 Spectromete
r

spect

8 Author

9 Solvent CDCl3

10 Temperature 300.0

11 Pulse
Sequence

dept135

12 Number of
Scans

250

13 Receiver
Gain

203

14 Relaxation
Delay

1.0000

15 Pulse Width 9.2000

16 Acquisition
Time

1.2976

17 Acquisition
Date

2013-02-19
T15:30:56

18 Modification
Date

2013-02-20
T12:52:40

19 Spectromete
r Frequency

100.61

20 Spectral
Width

25252.5

21 Lowest
Frequency

-2565.5

22 Nucleus 13C

23 Acquired
Size

32768

24 Spectral Size 65536
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-135-130-125-120-115-110-105-100-95-90-85-80-75-70-65-60-55-50-45-40-35-30-25
f1 (ppm)
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3-((4-Fluorophenyl)amino)-N-(4-(trifluoromethoxy)phenyl)thiophene-2-carboxamide (1h). 

0.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.510.0
f1 (ppm)
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1 Data File
Name

E:/ OSI-930/
OSI-930
DATA/
RMSO-82/
fid

2 Title OSI-930
DATA

3 Comment RMSO-83

4 Origin Bruker
BioSpin
GmbH

5 Owner IIIM

6 Site

7 Spectrometer spect

8 Author

9 Solvent CDCl3

10 Temperature 300.0

11 Pulse
Sequence

zg30

12 Number of
Scans

16

13 Receiver
Gain

101

14 Relaxation
Delay

0.5000

15 Pulse Width 13.1000

16 Acquisition
Time

2.7263

17 Acquisition
Date

2012-12-06T
14:52:25

18 Modification
Date

2012-12-06T
14:52:28

19 Spectrometer
Frequency

400.13

20 Spectral
Width

12019.2

21 Lowest
Frequency

-3138.7

22 Nucleus 1H

23 Acquired Size 32768

24 Spectral Size 65536
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0102030405060708090100110120130140150160170180
f1 (ppm)

RMSO-82 13C NMR
RMSO-82
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Parameter Value

1 Data File
Name

E:/ OSI-930/
OSI-930
DATA/
RMSO-82
13C NMR/
DEPT/ fid

2 Title RMSO-82
13C NMR

3 Comment RMSO-82

4 Origin Bruker
BioSpin GmbH

5 Owner IIIM

6 Site

7 Spectrometer spect

8 Author

9 Solvent CDCl3

10 Temperature 685.3

11 Pulse
Sequence

zgpg30

12 Number of
Scans

800

13 Receiver Gain 1825

14 Relaxation
Delay

1.0000

15 Pulse Width 8.4500

16 Acquisition
Time

1.0420

17 Acquisition
Date

2012-12-28T
16:02:04

18 Modification
Date

2012-12-28T
16:37:54

19 Spectrometer
Frequency

125.76

20 Spectral
Width

31446.5

21 Lowest
Frequency

-3277.3

22 Nucleus 13C

23 Acquired Size 32768

24 Spectral Size 65536

0102030405060708090100110120130140150160
f1 (ppm)

RMSO-82 13C NMR
RMSO-82
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Parameter Value

1 Data File
Name

E:/ OSI-930/
OSI-930
DATA/
RMSO-82 13C
NMR/ 13C/ fid

2 Title RMSO-82 13C
NMR

3 Comment RMSO-82

4 Origin UXNMR,
Bruker
Analytische
Messtechnik
GmbH

5 Owner root

6 Site

7 Spectrometer spect

8 Author

9 Solvent CDCl3

10 Temperature 685.4

11 Pulse
Sequence

dept135

12 Number of
Scans

400

13 Receiver Gain 16384

14 Relaxation
Delay

1.0000

15 Pulse Width 8.4500

16 Acquisition
Time

1.0912

17 Acquisition
Date

2012-12-28T1
6:23:13

18 Modification
Date

2012-12-28T1
6:45:36

19 Spectrometer
Frequency

125.76

20 Spectral Width 30030.0

21 Lowest
Frequency

-2439.7

22 Nucleus 13C

23 Acquired Size 32768

24 Spectral Size 65536
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-240-220-200-180-160-140-120-100-80-60-40-2001020304050
f1 (ppm)

OSI-930 NMR DATA
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1 Data File
Name

E:/ OSI-930/
OSI-930
NMR DATA/
RMSO-82
F19/ fid

2 Title OSI-930
NMR DATA

3 Comment RMSO-82

4 Origin Bruker
BioSpin
GmbH

5 Owner IIIM

6 Site

7 Spectromete
r

spect

8 Author

9 Solvent CDCl3

10 Temperature 300.0

11 Pulse
Sequence

zgflqn

12 Number of
Scans

16

13 Receiver
Gain

203

14 Relaxation
Delay

1.0000

15 Pulse Width 14.5000

16 Acquisition
Time

0.5767

17 Acquisition
Date

2014-07-10T
09:52:49

18 Modification
Date

2014-07-10T
12:48:27

19 Spectromete
r Frequency

376.50

20 Spectral
Width

113636.4

21 Lowest
Frequency

-94467.8

22 Nucleus 19F

23 Acquired Size 65536

24 Spectral Size 131072

N-(4-(Trifluoromethoxy)phenyl)-3-((3-(trifluoromethyl)phenyl)amino)thiophene-2-carboxamide (1i). 

0.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.510.0
f1 (ppm)
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5 Parameter Value

1 Data File
Name

E:/ OSI-930/
OSI-930
DATA/
RMSO-84/
fid

2 Title OSI-930
DATA

3 Comment RMSO-84

4 Origin Bruker
BioSpin
GmbH

5 Owner IIIM

6 Site

7 Spectrometer spect

8 Author

9 Solvent CDCl3

10 Temperature 300.0

11 Pulse
Sequence

zg30

12 Number of
Scans

16

13 Receiver
Gain

72

14 Relaxation
Delay

0.5000

15 Pulse Width 13.1000

16 Acquisition
Time

2.7263

17 Acquisition
Date

2012-12-11T
15:09:05

18 Modification
Date

2012-12-11T
15:09:08

19 Spectrometer
Frequency

400.13

20 Spectral
Width

12019.2

21 Lowest
Frequency

-3143.1

22 Nucleus 1H

23 Acquired Size 32768

24 Spectral Size 65536
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0102030405060708090100110120130140150160170180
f1 (ppm)

RMSO-84 13C NMR
RMSO-84
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Parameter Value

1 Data File
Name

E:/ OSI-930/
OSI-930
DATA/
RMSO-84
13C NMR/
13C/ fid

2 Title RMSO-84
13C NMR

3 Comment RMSO-84

4 Origin Bruker
BioSpin
GmbH

5 Owner IIIM

6 Site

7 Spectrometer spect

8 Author

9 Solvent CDCl3

10 Temperature 685.4

11 Pulse
Sequence

zgpg30

12 Number of
Scans

800

13 Receiver Gain 1825

14 Relaxation
Delay

1.0000

15 Pulse Width 8.4500

16 Acquisition
Time

1.0420

17 Acquisition
Date

2012-12-28T
16:49:15

18 Modification
Date

2012-12-28T
17:16:30

19 Spectrometer
Frequency

125.76

20 Spectral
Width

31446.5

21 Lowest
Frequency

-3277.3

22 Nucleus 13C

23 Acquired Size 32768

24 Spectral Size 65536
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f1 (ppm)

RMSO-84 13C NMR
RMSO-84
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Parameter Value

1 Data File
Name

E:/ OSI-930/
OSI-930
DATA/
RMSO-84 13C
NMR/ DEPT/
fid

2 Title RMSO-84 13C
NMR

3 Comment RMSO-84

4 Origin UXNMR,
Bruker
Analytische
Messtechnik
GmbH

5 Owner root

6 Site

7 Spectrometer spect

8 Author

9 Solvent CDCl3

10 Temperature 685.5

11 Pulse
Sequence

dept135

12 Number of
Scans

400

13 Receiver Gain 16384

14 Relaxation
Delay

1.0000

15 Pulse Width 8.4500

16 Acquisition
Time

1.0912

17 Acquisition
Date

2012-12-28T1
7:21:15

18 Modification
Date

2012-12-28T1
7:26:14

19 Spectrometer
Frequency

125.76

20 Spectral Width 30030.0

21 Lowest
Frequency

-2439.7

22 Nucleus 13C

23 Acquired Size 32768

24 Spectral Size 65536
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-170-160-150-140-130-120-110-100-90-80-70-60-50-40-30-20-10010203040
f1 (ppm)

OSI-930 NMR DATA
RMSO-84 -6

2.
85

-5
8.

10

N-(4-Fluorophenyl)-3-((4-((3-(trifluoromethyl)benzyl)oxy)phenyl)amino)thiophene-2-
carboxamide (1j). 
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F

O

CF3

S O

HN
NH

OCF3
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-210-200-190-180-170-160-150-140-130-120-110-100-90-80-70-60-50-40-30-20-100102030
f1 (ppm)

09-july-mcd-2a
RMSO-63

-1
14

.1
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-1
14

.1
56

-1
14

.1
46

-1
14

.1
33

-1
14

.1
19

-1
14

.1
10

-1
14

.0
96

-6
2.

75
3

3-((4-((4-Fluorobenzyl)oxy)phenyl)amino)-N-(4-fluorophenyl)thiophene-2-carboxamide (1k). 
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0102030405060708090100110120130140150160
f1 (ppm)

RMSO-64 C13
RMSO-64
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7.
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1
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0.
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7
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4.
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6
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4.
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9

12
4.
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1

12
9.

53
5

13
0.

80
6

13
0.

87
2

Parameter Value

1 Data File
Name

E:/ OSI-930/
OSI-930
DATA/
RMSO-64
C13/ 2/ fid

2 Title RMSO-64
C13

3 Comment RMSO-64

4 Origin Bruker
BioSpin
GmbH

5 Owner IIIM

6 Site

7 Spectromete
r

spect

8 Author

9 Solvent CDCl3

10 Temperature 681.5

11 Pulse
Sequence

dept135

12 Number of
Scans

800

13 Receiver
Gain

23170

14 Relaxation
Delay

1.0000

15 Pulse Width 8.4500

16 Acquisition
Time

1.0420

17 Acquisition
Date

2012-10-13T
16:01:47

18 Modification
Date

2012-10-13T
16:01:54

19 Spectromete
r Frequency

125.76

20 Spectral
Width

31446.5

21 Lowest
Frequency

-2969.4

22 Nucleus 13C

23 Acquired Size 32768

24 Spectral Size 65536

S O

HN
NH

F

O

F

S O

HN
NH

F

O

F
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-142-140-138-136-134-132-130-128-126-124-122-120-118-116-114-112-110-108-106-104-102-100-98
f1 (ppm)

09-july-mcd-2a
RMSO-64

-1
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18
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-1
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.0
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.9
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-1
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.9
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14
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14

.1
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14
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14

.1
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-1
14

.1
54

-1
14

.1
40

3-(Benzo[d][1,3]dioxol-5-ylamino)-N-(4-fluorophenyl)thiophene-2-carboxamide (1l).

0.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.510.0
f1 (ppm)

OSI-930 DATA
RMSO-66
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1
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6 Parameter Value

1 Data File
Name

E:/ OSI-930/
OSI-930
DATA/
RMSO-66
1H/ fid

2 Title OSI-930
DATA

3 Comment RMSO-66

4 Origin Bruker
BioSpin
GmbH

5 Owner IIIM

6 Site

7 Spectrometer spect

8 Author

9 Solvent CDCl3

10 Temperature 300.0

11 Pulse
Sequence

zg30

12 Number of
Scans

16

13 Receiver Gain 203

14 Relaxation
Delay

1.0000

15 Pulse Width 13.1000

16 Acquisition
Time

2.7263

17 Acquisition
Date

2014-02-21T
11:52:27

18 Modification
Date

2014-02-21T
11:52:30

19 Spectrometer
Frequency

400.13

20 Spectral
Width

12019.2

21 Lowest
Frequency

-3104.6

22 Nucleus 1H

23 Acquired Size 32768

24 Spectral Size 65536
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-230-220-210-200-190-180-170-160-150-140-130-120-110-100-90-80-70-60-50-40-30-20
f1 (ppm)

H1
RMSO-66
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17
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3-((2,3-Dihydrobenzo[b][1,4]dioxin-6-yl)amino)-N-(4-fluorophenyl)thiophene-2-carboxamide 
(1m).
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0.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.510.0
f1 (ppm)

OSI-930 DATA
RMSO-71
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9 Parameter Value

1 Data File
Name

E:/ OSI-930/
OSI-930
DATA/
RMSO-71/
fid

2 Title OSI-930
DATA

3 Comment RMSO-71

4 Origin Bruker
BioSpin
GmbH

5 Owner IIIM

6 Site

7 Spectromete
r

spect

8 Author

9 Solvent CDCl3

10 Temperature 300.0

11 Pulse
Sequence

zg30

12 Number of
Scans

16

13 Receiver
Gain

144

14 Relaxation
Delay

0.5000

15 Pulse Width 13.1000

16 Acquisition
Time

2.7263

17 Acquisition
Date

2012-10-15
T14:16:59

18 Modification
Date

2012-10-16
T12:14:00

19 Spectromete
r Frequency

400.13

20 Spectral
Width

12019.2

21 Lowest
Frequency

-3136.0

22 Nucleus 1H

23 Acquired
Size

32768

24 Spectral Size 65536
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-190-180-170-160-150-140-130-120-110-100-95-90-85-80-75-70-65-60-55-50
f1 (ppm)
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3-((3-Fluoro-[1,1'-biphenyl]-4-yl)amino)-N-(4-fluorophenyl)thiophene-2-carboxamide (1n). 

0.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.510.0
f1 (ppm)

OSI-930 DATA
RMSO-68
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2 Parameter Value

1 Data File
Name

E:/
OSI-930/
OSI-930
DATA/
RMSO-68/
fid

2 Title OSI-930
DATA

3 Comment RMSO-68

4 Origin Bruker
BioSpin
GmbH

5 Owner IIIM

6 Site

7 Spectromete
r

spect

8 Author

9 Solvent CDCl3

10 Temperature 300.0

11 Pulse
Sequence

zg30

12 Number of
Scans

16

13 Receiver
Gain

144

14 Relaxation
Delay

0.5000

15 Pulse Width 13.1000

16 Acquisition
Time

2.7263

17 Acquisition
Date

2012-10-15
T14:14:08

18 Modification
Date

2012-10-16
T12:13:59

19 Spectromete
r Frequency

400.13

20 Spectral
Width

12019.2

21 Lowest
Frequency

-3137.8

22 Nucleus 1H

23 Acquired
Size

32768

24 Spectral Size 65536

S O

HN
NH

F

F

S O

HN
NH

F

F



Page S29

-250-240-230-220-210-200-190-180-170-160-150-140-130-120-110-100-90-80-70-60-50-40-30-20-10
f1 (ppm)
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3-((3-Bromo-5-fluorophenyl)amino)-N-(4-fluorophenyl)thiophene-2-carboxamide (1o). 

0.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.510.010.5
f1 (ppm)

OSI-930 DATA
RMSO-78

1.
00

0.
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1 Parameter Value

1 Data File
Name

E:/ OSI-930/
OSI-930
DATA/
rmso-78/ fid

2 Title OSI-930
DATA

3 Comment RMSO-78

4 Origin Bruker
BioSpin
GmbH

5 Owner IIIM

6 Site

7 Spectromete
r

spect

8 Author

9 Solvent CDCl3

10 Temperature 300.0

11 Pulse
Sequence

zg30

12 Number of
Scans

16

13 Receiver
Gain

161

14 Relaxation
Delay

0.5000

15 Pulse Width 13.1000

16 Acquisition
Time

2.7263

17 Acquisition
Date

2012-11-29T
12:07:50

18 Modification
Date

2012-12-01T
19:02:04

19 Spectromete
r Frequency

400.13

20 Spectral
Width

12019.2

21 Lowest
Frequency

-3138.8

22 Nucleus 1H

23 Acquired Size 32768

24 Spectral Size 65536
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-240-230-220-210-200-190-180-170-160-150-140-130-120-110-100-90-80-70-60-50-40-30-20-10
f1 (ppm)

09-july-mcd-2a
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3-((4-((4-Fluorobenzyl)oxy)phenyl)amino)-N-(4-(trifluoromethyl)phenyl)thiophene-2-
carboxamide (1p).
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-240-220-200-180-160-140-120-100-90-80-70-60-50-40-30-20-1001020304050
f1 (ppm)
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3-((3-Bromo-5-fluorophenyl)amino)-N-(4-chloro-3-(trifluoromethyl)phenyl)thiophene-2-
carboxamide (1q). 

0.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.510.010.5
f1 (ppm)

OSI-930 DATA
RMSO-77

1.
06

0.
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0.
99

1.
00

6.
74

3
6.

74
7

6.
76

9
6.

77
2

6.
84

9
6.

86
8

7.
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3 Parameter Value

1 Data File
Name

E:/ OSI-930/
OSI-930
DATA/
RMSO-77/
fid

2 Title OSI-930
DATA

3 Comment RMSO-77

4 Origin Bruker
BioSpin
GmbH

5 Owner IIIM

6 Site

7 Spectromete
r

spect

8 Author

9 Solvent CDCl3

10 Temperature 300.0

11 Pulse
Sequence

zg30

12 Number of
Scans

16

13 Receiver
Gain

51

14 Relaxation
Delay

0.5000

15 Pulse Width 13.1000

16 Acquisition
Time

2.7263

17 Acquisition
Date

2012-11-26T
11:22:43

18 Modification
Date

2012-11-26T
11:22:44

19 Spectromete
r Frequency

400.13

20 Spectral
Width

12019.2

21 Lowest
Frequency

-3109.5

22 Nucleus 1H

23 Acquired Size 32768

24 Spectral Size 65536

S O

HN
NH

Cl

F Br

CF3

S O

HN
NH

Cl

F Br

CF3



Page S35

-240-220-200-180-160-140-120-100-90-80-70-60-50-40-30-20-1001020304050
f1 (ppm)

09-july-mcd-2a
RMSO-77
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N-(4-Chloro-3-(trifluoromethyl)phenyl)-3-((4-fluorophenyl)amino)thiophene-2-carboxamide 
(1r). 

0.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.510.010.5
f1 (ppm)

OSI-930 DATA
RMSO-83
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0.
99

6.
93

8
6.

94
2

6.
95

6
6.

96
0

6.
97

5
6.

98
1

6.
98

9
7.

04
4

7.
05

2
7.

05
8

7.
06

4
7.

06
9

7.
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6 Parameter Value

1 Data File
Name

E:/ OSI-930/
OSI-930
DATA/
RMSO-83/
fid

2 Title OSI-930
DATA

3 Comment RMSO-83

4 Origin Bruker
BioSpin
GmbH

5 Owner IIIM

6 Site

7 Spectromete
r

spect

8 Author

9 Solvent CDCl3

10 Temperature 300.0

11 Pulse
Sequence

zg30

12 Number of
Scans

16

13 Receiver
Gain

161

14 Relaxation
Delay

0.5000

15 Pulse Width 13.1000

16 Acquisition
Time

2.7263

17 Acquisition
Date

2012-12-07T
14:43:26

18 Modification
Date

2012-12-07T
14:43:28

19 Spectromete
r Frequency

400.13

20 Spectral
Width

12019.2

21 Lowest
Frequency

-3133.5

22 Nucleus 1H

23 Acquired Size 32768

24 Spectral Size 65536
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-200-190-180-170-160-150-140-130-120-110-100-90-80-70-60-50-40-30-20-100102030
f1 (ppm)

H1
RMSO-83
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N-(4-Chloro-3-(trifluoromethyl)phenyl)-3-((3-(trifluoromethyl)phenyl)amino)thiophene-2-carboxamide 
(1s). 

0.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.510.010.5
f1 (ppm)

OSI-930 DATA
RMSO-86
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0
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Parameter Value

1 Data File
Name

E:/ OSI-930/
OSI-930
DATA/
RMSO-86/
fid

2 Title OSI-930
DATA

3 Comment RMSO-86

4 Origin Bruker
BioSpin
GmbH

5 Owner IIIM

6 Site

7 Spectromete
r

spect

8 Author

9 Solvent CDCl3

10 Temperature 300.0

11 Pulse
Sequence

zg30

12 Number of
Scans

16

13 Receiver
Gain

114

14 Relaxation
Delay

0.5000

15 Pulse Width 13.1000

16 Acquisition
Time

2.7263

17 Acquisition
Date

2012-12-12
T14:18:59

18 Modification
Date

2012-12-12
T14:19:02

19 Spectromete
r Frequency

400.13

20 Spectral
Width

12019.2

21 Lowest
Frequency

-3141.0

22 Nucleus 1H

23 Acquired
Size

32768

24 Spectral Size 65536
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0102030405060708090100110120130140150160170180
f1 (ppm)

RMSO-86 C13 NMR
RMSO-86
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Parameter Value

1 Data File
Name

E:/ OSI-930/
OSI-930
DATA/
RMSO-86
C13 NMR/ 5/
fid

2 Title RMSO-86
C13 NMR

3 Comment RMSO-86

4 Origin Bruker
BioSpin
GmbH

5 Owner IIIM

6 Site

7 Spectromete
r

spect

8 Author

9 Solvent CDCl3

10 Temperature 683.5

11 Pulse
Sequence

zgpg30

12 Number of
Scans

400

13 Receiver
Gain

1825

14 Relaxation
Delay

1.0000

15 Pulse Width 8.4500

16 Acquisition
Time

1.0420

17 Acquisition
Date

2012-12-28T
09:27:34

18 Modification
Date

2012-12-28T
09:41:12

19 Spectromete
r Frequency

125.76

20 Spectral
Width

31446.5

21 Lowest
Frequency

-3148.0

22 Nucleus 13C

23 Acquired Size 32768

24 Spectral Size 65536
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7 Parameter Value

1 Data File
Name

E:/ OSI-930/
OSI-930
DATA/
RMSO-86
C13 NMR/ 6/
fid

2 Title RMSO-86
C13 NMR

3 Comment RMSO-86

4 Origin UXNMR,
Bruker
Analytische
Messtechnik
GmbH

5 Owner root

6 Site

7 Spectromete
r

spect

8 Author

9 Solvent CDCl3

10 Temperature 683.6

11 Pulse
Sequence

dept135

12 Number of
Scans

200

13 Receiver
Gain

16384

14 Relaxation
Delay

1.0000

15 Pulse Width 8.4500

16 Acquisition
Time

1.0912

17 Acquisition
Date

2012-12-28T
09:46:11

18 Modification
Date

2012-12-28T
09:48:42

19 Spectromete
r Frequency

125.76

20 Spectral
Width

30030.0

21 Lowest
Frequency

-2438.4

22 Nucleus 13C

23 Acquired Size 32768

24 Spectral Size 65536
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N-(4-Fluorobenzyl)-3-((4-((4-fluorobenzyl)oxy)phenyl)amino)thiophene-2-carboxamide (1t).
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8 Parameter Value

1 Data File
Name

C:/ Drive-E/
OSI-930/
OSI-930
NMR DATA/
RMSO-20/
27/ fid

2 Title Apr10-2012-
purnima

3 Comment RMSO-20

4 Origin Bruker
BioSpin
GmbH

5 Owner IIIM

6 Site

7 Spectrometer spect

8 Author

9 Solvent CDCl3

10 Temperature 300.0

11 Pulse
Sequence

zg30

12 Number of
Scans

16

13 Receiver
Gain

203

14 Relaxation
Delay

1.0000

15 Pulse Width 13.1000

16 Acquisition
Time

2.7263

17 Acquisition
Date

2012-04-10T
14:30:00

18 Modification
Date

2014-04-03T
20:19:52

19 Spectrometer
Frequency

400.13

20 Spectral
Width

12019.2

21 Lowest
Frequency

-3106.8

22 Nucleus 1H

23 Acquired Size 32768

24 Spectral Size 65536
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N-(4-Fluorobenzyl)-3-((4-((3-(trifluoromethyl)benzyl)oxy)phenyl)amino)thiophene-2-
carboxamide (1u).
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3-((4'-Ethoxy-[1,1'-biphenyl]-4-yl)amino)-N-(4-fluorobenzyl)thiophene-2-carboxamide (1v).
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N-(4-Fluorobenzyl)-3-((3-((3-(trifluoromethyl)benzyl)oxy)phenyl)amino)thiophene-2-
carboxamide (1w). 
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S2. HPLC data of 1a-w.

Method-A: Shimadzu LC 10-AT; isocratic flow (water: acetonitrile (10: 90), 0.4 ml/min; Column: RP-18 
(Merck, 5 μ, 4 × 250 mm), temp 30 °C, run time: 45 min.

Method-B: Shimadzu LC-6AD; isocratic flow Water: Methanol (30: 70), 1 ml/min, Column: Inertsil C8 
(3.5 μ, 4.6 × 250 mm), run time: 30 min. 

Code Method tR (min) Purity (%)
1a A 10.82 100.0
1b A 9.19 100.0
 1c A 12.91 100.0
1d A 13.20 97.2
1e B 9.73 99.7
1f B 5.07 99.0
1g B 16.44 99.6
1h B 10.36 100.0
1i B 12.35 100.0
1j B 19.88 97.2
1k B 9.99 96.7
1l B 7.62 98.9

1m B 4.91 98.1
1n B 9.64 98.8
1o B 11.92 99.2
1p B 5.10 93.1
1q B 23.67 99.0
1s B 18.06 99.6
1t B 8.34 100
1u B 9.59 100
1v B 5.14 100
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 HPLC scan copies:

3-((4-((4-Fluorobenzyl)oxy)phenyl)amino)-N-(4-(trifluoromethoxy)phenyl)thiophene-2-carboxamide 
(1a).
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3-(Quinolin-3-ylamino)-N-(4-(trifluoromethoxy)phenyl)thiophene-2-carboxamide (1b).
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N-(4-(Trifluoromethoxy)phenyl)-3-((4-((3-(trifluoromethyl)benzyl)oxy)phenyl)amino)thiophene-
2-carboxamide (1c).
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N-(4-(Trifluoromethoxy)phenyl)-3-((3-((3-(trifluoromethyl)benzyl)oxy)phenyl)amino)thiophene-
2-carboxamide (1d). 
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3-((3-Fluoro-[1,1'-biphenyl]-4-yl)amino)-N-(4-(trifluoromethoxy)phenyl)thiophene-2-
carboxamide (1e). 

3-((2,3-Dihydrobenzo[b][1,4]dioxin-6-yl)amino)-N-(4-(trifluoromethoxy)phenyl)thiophene-2-
carboxamide (1f).
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3-((3-Bromo-5-fluorophenyl)amino)-N-(4-(trifluoromethoxy)phenyl)thiophene-2-carboxamide (1g).

3-((4-Fluorophenyl)amino)-N-(4-(trifluoromethoxy)phenyl)thiophene-2-carboxamide (1h). 
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N-(4-(Trifluoromethoxy)phenyl)-3-((3-(trifluoromethyl)phenyl)amino)thiophene-2-carboxamide (1i). 

N-(4-Fluorophenyl)-3-((4-((3-(trifluoromethyl)benzyl)oxy)phenyl)amino)thiophene-2-
carboxamide (1j). 
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3-((4-((4-Fluorobenzyl)oxy)phenyl)amino)-N-(4-fluorophenyl)thiophene-2-carboxamide (1k).

3-(Benzo[d][1,3]dioxol-5-ylamino)-N-(4-fluorophenyl)thiophene-2-carboxamide (1l).
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3-((2,3-Dihydrobenzo[b][1,4]dioxin-6-yl)amino)-N-(4-fluorophenyl)thiophene-2-carboxamide 
(1m).

3-((3-Fluoro-[1,1'-biphenyl]-4-yl)amino)-N-(4-fluorophenyl)thiophene-2-carboxamide (1n). 
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3-((3-Bromo-5-fluorophenyl)amino)-N-(4-fluorophenyl)thiophene-2-carboxamide (1o). 

3-((4-((4-Fluorobenzyl)oxy)phenyl)amino)-N-(4-(trifluoromethyl)phenyl)thiophene-2-
carboxamide (1p).
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3-((3-Bromo-5-fluorophenyl)amino)-N-(4-chloro-3-(trifluoromethyl)phenyl)thiophene-2-
carboxamide (1q). 

N-(4-Chloro-3-(trifluoromethyl)phenyl)-3-((3-(trifluoromethyl)phenyl)amino)thiophene-2-carboxamide 
(1s). 
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N-(4-Fluorobenzyl)-3-((4-((4-fluorobenzyl)oxy)phenyl)amino)thiophene-2-carboxamide (1t).



Page S66



Page S67

N-(4-Fluorobenzyl)-3-((4-((3-(trifluoromethyl)benzyl)oxy)phenyl)amino)thiophene-2-
carboxamide (1u).
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3-((4'-Ethoxy-[1,1'-biphenyl]-4-yl)amino)-N-(4-fluorobenzyl)thiophene-2-carboxamide (1v).
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S3. Structures of thiophene-2-carboxamides 1a-w
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Figure S1. Structures of thiophene-2-carboxamides 1a-w
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S4. MTT assay of combined treatment of doxorubicin with P-gp inhibitors 1l and 1m:

MTT assay was performed to determine the cell viability. Cells were seeded in 96 well plates 

and exposed to different concentrations of synthesize molecules  for 48 h. MTT dye (2.5 mg/ml 

in PBS) was added 4 hours priors to experiment termination. The plates were then centrifuged at 

1500 RPM for 15 min and the supernatant was discarded, while the MTT formazan crystals were 

dissolved in 150 µL of DMSO. The OD measured at 570 nm with reference wavelength of 620 

nm. For MTT assay of combined treatment of doxorubicin and P-gp inhibitors 1l and 1m, 

different concentrations of doxorubicin (ranging from 2.5 µM to 0.0097 µM along with 50 µM 

of P-gp inhibitors were used. Details are provided below.

Doxorubicin (µM) 1l or 1m (µM) Molar ratio of doxorubicin 

with P-gp inhibitors  

2.5 50 1: 20

1.25 50 1: 40

0.625 50 1: 80

0.3125 50 1: 160

0.1562 50 1: 320

0.0781 50 1: 640

0.0390 50 1: 1282

0.0195 50 1: 2564

0.0097 50 1: 5154


