
S1

Supporting Information

Click chemistry mediated synthesis of novel bio-inspired phosphonyl 
-functionalized ionic liquids

Richard A. Braun,a Joseph L. Bradfield,a Codey B. Henderson,b Niloufar Mobarrez,a Yinghong Sheng,a 
Richard A. O’Brien,b Alexandra C. Stenson,b James H. Davis Jr.,b and Arsalan Mirjafari*a

aDepartment of Chemistry and Physics, Florida Gulf Coast University, Fort Myers, FL 33965, USA. Tel.: +1-239-590-1270; Email: 
amirjafari@fgcu.edu
bDepartment of Chemistry, University of South Alabama, Mobile, AL 36688, USA.

IL 1: 

N N P(OEt)2

O

NTf2-

1H NMR (DMSO-d6): δH 9.07 (s, 1H); 7.72 (d, J = 2.3 Hz, 2H); 4.21 (t, J = 7.4 Hz, 2H); 4.15 (t, J = 7.4 Hz, 2H); 3.99 (quart, 4H); 
3.84 (s, 3H); 2.00 (t, 2H); 1.72-1.78 (m, 2H); 1.23 (t, 6H). 13C NMR (DMSO-d6): δC 136.7; 123.7; 122.1; 120.7; 118.2; 115.6; 
61.0; 48.9; 35.7; 23.1; 21.9; 16.2. 31P NMR (DMSO-d6): δP 30.91. MS (EI): m/z 261.22 (M, calcd. 261.14). 

IL 2:

NTf2-
N N P(OEt)2

O

 
1H NMR (DMSO-d6): δH 9.09 (s, 1H); 7.76 (s, 1H); 7.69 (s, 1H); 4.15 (t, J = 7.4 Hz, 2H); 3.97 (quart, 4H); 3.85 (s, 3H); 1.77 
(quint, 2H), 1.66-1.71 (m, 2H); 1.45 (m, 2H); 1.21 (m, 8H). 13C NMR (DMSO-d6): δC 136.4; 123.6; 122.4; 120.7; 118.1; 115.6; 
60.8; 48.6; 35.7; 29.3; 29.2; 25.2; 16.1. 31P NMR (DMSO-d6): δP 31.58. MS (EI): m/z 275.21 (M, calcd. 275.14).

IL 3:

NTf2-
N N P(OEt)2

O

1H NMR (DMSO-d6): δH 9.09 (s, 1H); 7.76 (s, 1H); 7.69 (s, 1H); 4.15 (t, J = 7.4 Hz, 2H); 3.97 (quart, 4H); 3.85 (s, 3H); 1.77 
(quint, 2H), 1.66-1.71 (m, 2H); 1.45 (m, 2H); 1.21 (m, 10H). 13C NMR (DMSO-d6): δC 136.4; 123.6; 122.4; 120.7; 118.1; 115.6; 
60.8; 48.6; 35.7; 29.3; 27.9; 25.2; 21.9; 16.1. 31P NMR (DMSO-d6): δP 32.14. MS (EI): m/z 289.34 (M, calcd. 289.16).

IL 4:

NTf2-
N N P(OEt)2

O

1H NMR (DMSO-d6): δH 9.09 (s, 1H); 7.76 (s, 1H); 7.69 (s, 1H); 4.15 (t, J = 7.4 Hz, 2H); 3.97 (quart, 4H); 3.85 (s, 3H); 1.77 
(quint, 2H), 1.66-1.71 (m, 2H); 1.45 (m, 2H); 1.21 (m, 12H). 13C NMR (DMSO-d6): δC 136.4; 123.6; 122.2; 120.7; 118.1; 115.6; 
60.7; 48.6; 35.7; 29.2; 27.7; 25.2; 24.9; 23.8; 16.2. 31P NMR (DMSO-d6): δP 32.42. MS (EI): m/z 303.45 (M, calcd. 303.18).
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IL 5: 

N N P(OEt)2

O

NTf2-

1H NMR (DMSO-d6): δH 9.09 (s, 1H); 7.76 (s, 1H); 7.69 (s, 1H); 4.15 (t, J = 7.4 Hz, 2H); 3.93-3.98 (quart, 4H); 3.85 (s, 3H); 
1.77 (quint, 2H), 1.68 (m, 2H); 1.45 (m, 2H); 1.21 (t, 12H). 13C NMR (DMSO-d6): δC 136.4; 123.6; 122.2; 120.7; 118.1; 115.6; 
60.7; 48.6; 35.7; 29.5; 29.4; 29.3; 27.7; 25.2; 23.8; 16.2. 31P NMR (DMSO-d6): δP 32.50. MS (EI): m/z 317.23 (M, calcd. 317.20).

IL 6:

NTf2-

N N P(OEt)2

O

1H NMR (DMSO-d6): δH 9.10 (s, 1H); 7.76 (t, J = 1.7 Hz, 1H); 7.69 (t, J = 1.7 Hz, 1H); 4.15 (t, J = 7.4 Hz, 2H); 3.97 (quart, 4H); 
3.85 (s, 3H); 1.67-1.80 (m, 4H); 1.45 (m, 2H); 1.21-1.34 (m, 14H). 13C NMR (DMSO-d6): δC 136.4; 123.3; 122.2; 120.7; 118.2; 
115.6; 60.7; 48.7; 35.7; 29.7; 29.5, 28.2; 28.1; 25.4; 23.8; 21.9, 16.2. 31P NMR (DMSO-d6): δP 32.53. MS (EI): m/z 331.80 (M, 
calcd. 331.41).

IL 7: 

NTf2-

N N P(OEt)2

O

1H NMR (DMSO-d6): δH 7.64 (d, J = 2.3 Hz, 1H); 7.60 (d, J = 2.3 Hz, 1H); 4.09 (t, J = 7.4 Hz, 2H); 3.96 (quart, 4H); 3.74 (s, 3H); 
2.57 (s, 3H); 1.66-1.71 (m, 4H); 1.44 (m, 2H); 1.20-1.34 (m, 14H). 13C NMR (DMSO-d6): δC 144.1; 123.3; 122.2; 120.8; 118.2; 
115.6; 60.7; 47.4; 34.6; 29.7; 29.5, 29.1; 28.3; 25.5; 24.9; 23.8; 21.2; 16.2, 9.0. 31P NMR (DMSO-d6): δP 32.53. MS (EI): m/z 
343.60 (M, calcd. 343.23).

IL 8: 

NTf2-
N N P(OEt)2

O

1H NMR (DMSO-d6): δH 9.09 (s, 1H); 7.76 (s, 1H); 7.69 (s, 1H); 4.14 (t, J = 7.4 Hz, 2H); 3.97 (m, 4H); 3.84 (s, 3H); 1.76 (m, 
4H); 1.18-1.24 (m, 14H). 13C NMR (DMSO-d6): δC 136.4; 123.3; 122.2; 120.7; 118.2; 115.6; 60.7; 48.7; 35.7; 29.8; 29.5, 29.2; 
28.2; 28.0; 25.9; 24.8; 23.6; 21.3; 16.1. 31P NMR (DMSO-d6): δP 32.58. MS (EI): m/z 343.65 (M, calcd. 343.23).

IL 9 

NTf2-
N N P(OEt)2

O

1H NMR (DMSO-d6): δH 9.09 (s, 1H); 7.76 (t, J = 1.7 Hz, 1H); 7.69 (t, J = 1.7 Hz, 1H); 4.14 (t, J = 7.4 Hz, 2H); 3.94-3.98 (m, 
4H); 3.84 (s, 3H); 1.65-1.78 (m, 4H); 1.28 (m, 2H); 1.21-1.24 (m, 18H). 13C NMR (DMSO-d6): δC 136.5; 123.6; 122.2; 120.7; 
118.2; 115.6; 60.7; 48.7; 35.7; 29.8; 29.6; 28.7; 28.5; 28.3; 25.4; 23.9; 16.2. 31P NMR (DMSO-d6): δP 32.57. MS (EI): m/z 359.82 
(M, calcd. 359.25).

IL 10:

NTf2-

N N P(OEt)2

O

1H NMR (DMSO-d6): δH 7.64 (d, J = 2.3 Hz, 1H); 7.60 (d, J = 2.3 Hz, 1H); 4.09 (t, J = 7.4 Hz, 2H); 3.95 (quart, 4H); 3.74 (s, 3H); 
2.57 (s, 3H); 1.64-1.71 (m, 4H); 1.40-1.49 (m, 2H); 1.20-1.32 (m, 18H). 13C NMR (DMSO-d6): δC 144.2; 123.3; 122.3; 120.8; 
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118.2; 115.6; 60.7; 47.5; 34.6; 29.6; 29.2; 28.7; 28.6; 28.5; 28.4; 25.5; 23.9; 21.9; 16.3; 9.0. 31P NMR (DMSO-d6): δP 32.57. MS 
(EI): m/z 373.83 (M, calcd. 373.49).

IL 11:

NTf2-
N N P(OEt)2

O

1H NMR (DMSO-d6): δH 9.09 (s, 1H); 7.76 (d, J = 1.7 Hz, 1H); 7.69 (d, J = 1.7 Hz, 1H); 4.13 (t, J = 7.4 Hz, 2H); 3.94 (quart, 4H); 
3.84 (s, 3H); 1.65-1.76 (m, 4H); 1.43 (m, 2H); 1.21-1.23 (s, 20H). 13C NMR (DMSO-d6): δC 136.4; 123.6; 122.2; 120.7; 118.2; 
115.6; 60.7; 48.8; 35.7; 29.8; 29.6; 29.3; 28.7; 28.5; 28.3; 25.4; 25.0; 23.9; 22.0; 16.2. 31P NMR (DMSO-d6): δP 32.58. MS (EI): 
m/z 373.58 (M, calcd. 373.26).

IL 12:

NTf2-

N N P(OEt)2

O

1H NMR (DMSO-d6): δH 7.64 (d, J = 2.3 Hz, 1H); 7.61 (d, J = 2.3 Hz, 1H); 4.09 (t, J = 7.4 Hz, 2H); 3.95 (quart, 4H); 3.74 (s, 3H); 
2.58 (s, 3H); 1.70 (t, 2H); 1.20-1.46 (m, 24H). 13C NMR (DMSO-d6): δC 144.2; 123.2; 122.3; 120.8; 118.2; 115.6; 47.5; 34.6; 
30.1; 29.1; 28.8; 28.8; 28.7; 28.6; 28.5; 28.4; 25.5; 9.0 31P NMR (DMSO-d6): δP 32.68. MS (EI): m/z 387.58 (M, calcd. 387.28).

IL 13:

NTf2-
N N P(OEt)2

O

(EtO)2P
O

1H NMR (DMSO-d6): δH 9.14 (s, 1H); 7.80 (s, 2H); 4.20 (t, J = 7.4 Hz, 4H); 4.00 (quart, 8H); 2.30 (t, 4H); 1.75 (m, 4H); 1.23 (s, 
12H). 13C NMR (DMSO-d6): δC 136.3; 123.2; 122.4; 120.7; 118.1; 115.4; 48.9; 35.7; 23.0; 16.2. 31P NMR (DMSO-d6): δP 31.27. 
MS (EI): m/z 425.35 (M, calcd. 425.20). 

IL 14:

NTf2-
Et3N P(OEt)2

O

 
1H NMR (DMSO-d6): δH 4.06 (t, 2H); 3.47 (t, 6H); 3.40 (quart, 4H); 3.10 (t, 2H); 2.92 (m, 2H); 1.14-1.31 (m, 15H). 13C NMR 
(DMSO-d6): δC 123.3; 120.8; 118.2; 115.6; 63.0; 53.6; 53.0; 16.1; 15.9; 8.5; 7.1. 31P NMR (DMSO-d6): δP 27.54. MS (EI): m/z 
280.45 (M, calcd. 280.20).

IL 15:

NTf2-
(C8H17)3N P(OEt)2

O

1H NMR (DMSO-d6): δH 3.92 (t, 2H); 3.48 (t, 6H); 3.40 (quart, 4H); 3.11 (t, 2H); 2.49 (m, 2H); 1.16 (s, 57H). 13C NMR (DMSO-
d6): δC 124.1; 120.1; 118.2; 115.5; 63.0; 53.8; 53.2; 16.1; 16.0; 15.9; 15.8; 15.6; 15.3; 14.9; 8.1; 6.8. 31P NMR (DMSO-d6): δP 

36.81. MS (EI): m/z 532.87 (M, calcd. 532.49).

IL 16:

NTf2-
Ph3P P(OEt)2

O
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1H NMR (DMSO-d6): δH 7.55-8.02 (m, 10H); 7.16-7.23 (m, 5H); 4.02 (t, 2H); 3.95 (quart, 4H); 2.28 (s, 2H); 1.70 (t, 2H); 1.22 
(m, 6H). 13C NMR (DMSO-d6): δC 144.2; 123.2; 122.3; 120.8; 118.2; 115.6; 47.5; 34.6; 30.1; 29.1; 28.8; 28.8; 28.7; 28.6; 28.5; 
28.4; 25.5; 9.0. 31P NMR (DMSO-d6): δP 25.63; 15.34. MS (EI): m/z 441.45 (M, calcd. 441.17).

IL 17:

NTf2-

N

(EtO)2P

P(OEt)2(EtO)2P

P(OEt)2

O

O O

O

1H NMR (DMSO-d6): δH 4.02 (m, 16H); 3.44 (t, 8H); 1.71 (t, 8H); 1.25 (m, 24H). 13C NMR (DMSO-d6): δC 123.3; 120.8; 118.2; 
115.6; 63.1. 63.0; 61.9; 31P NMR (DMSO-d6): δP 30.55. MS (EI): m/z 458.32 (M, calcd. 730.34).

IL 18:

NTf2-
N N P(OEt)2

O

1H NMR (DMSO-d6): δH 9.16 (s, 1H); 7.61 (s, 2H); 5.02 (d, 2H); 3.94 (quart, 4H); 3.84 (t, 2H); 3.64 (s, 3H); 1.16 (s, 6H). 13C 
NMR (DMSO-d6): δC 136.3; 122.9; 120.8; 118.2; 115.6; 114.0; 79.0; 75.9; 61.2; 47.5; 16.1. 31P NMR (DMSO-d6): δP 8.90. MS 
(EI): m/z 260.32 (M, calcd. 260.13).

IL 19:

NTf2-
N N P(OEt)2

O

(EtO)2P

O

1H NMR (DMSO-d6): δH 9.17 (s, 1H); 7.67 (s, 2H); 5.02 (d, J = 2.8 Hz, 4H); 3.85 (m, 8H); 3.63 (t, J = 2.8 Hz, 4H); 1.06 (t, 12H). 
13C NMR (DMSO-d6): δC 136.3; 122.9; 120.8; 118.2; 115.6; 114.0; 79.0; 75.9; 61.2; 16.1. 31P NMR (DMSO-d6): δP 8.91. MS 
(EI): m/z 422.45 (M, calcd. 422.17). 
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NMR and MS Spectra of the representative products
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IL 10


