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General experimental methods 

 

Chemicals used were purchased from Sigma Aldrich or TCI Europe. Methanol and ethanol were distilled 

over magnesium turnings activated by iodine before use. DCM and ethyl acetate were pre-dried over 

magnesium sulphate and then distilled over CaH2 before use. THF and diethyl ether were dried over 

sodium wire and benzophenone and distilled before use. DMF used was purchased from Sigma Aldrich 

as an anhydrous sureseal preparation. Sigma Aldrich (Riedel de Haën) 220-440 mesh, 60 Å pore size, 35-

75 µm particle size, silica gel was used for flash and thin layer chromatography.  

The majority of NMR analysis was performed on a Bruker AC 400 MHz spectrometer operating at 400 

MHz for 1H-NMR and 100 MHz for 13C-NMR. Samples were run in deuterated chloroform (CDCl3), 

deuterated water (D2O), deuterated methanol (MeOD), or deuterated dimethyl sulfoxide (DMSO) where 

appropriate. A 600 MHz Bruker spectrometer, operating at 600 MHz for 1H-NMR and 150 MHz for 13C-

NMR was also used for analysis of some examples. All chemical shifts are reported in parts per million 

(ppm) are relative to the internal standard TMS and coupling constants (J) are measured in Hertz (Hz). 

Multiplicity is stated as follows: s-singlet, d-doublet, t-triplet, q-quartet, dd-doublet of doublets, dt 

doublet of triplets, dq-doublet of quartets, tt-triplet of triplets, tq-triplet of quartets, ddd-doublet of 

doublet of doublets, m-multiplet, bs-broad singlet. All IR analysis was carried out on a Perkin Elmer 100 

FT-IR spectrometer with ATR. The strength of reported peaks are described as weak (w), medium (m), 

broad (b), strong (s) and very strong (vs). Melting points were determined using a Lennox automated 

melting point apparatus and the values are expressed in degrees Celsius (°C). The parameters for the 

melting point analysis were set at 5 °C per minute ramp and melting point was determined manually. 

Melting points are uncorrected. Optical rotations were measured using a Perkin Elmer 343 Polarimeter 

in chloroform, methanol or ethanol at 20 °C and values are expressed in degrees. High resolution mass 
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spectrometry (HRMS) with accurate mass measurement to four decimal places was obtained for new ILs, 

new tertiary amines and new alkylating regents reported. The analysis was conducted in the ABCRF Mass 

Spectrometry Lab, Cavanagh Building, in University College Cork. Accurate mass measurement was 

obtained using a Waters Micromass LCT Premier run in ESI+ mode. An external reference standard of 

leucine encephalin was used in order to confirm mass accuracy and a sulfadimethoxine concentration 

test was performed to ensure the accuracy of peaks in the ion count range of 1x103 – 1x106. 

 

Typical procedure for preparation of IL via amination of L-phenylalanine derivative-  

general procedure “A” 

To a stirred solution of aminoacid ethyl ester α-bromoamide in diethyl ether (10 mL) was added pyridine 

derivative. The reaction was stirred at room temperature under an N2 atmosphere for 24 hours. After 24 

hours a waxy precipitate had formed. The supernatant was decanted and the crude product was washed 

with diethyl ether (3 x 25 mL) to afford the desired compound.  

 (S)-1-(2-((1-Ethoxy-1-oxo-3-phenylpropan-2-yl)amino)-2-oxoethyl)pyridin-1-ium bromide (5). The 

general procedure A was applied to L-phenylalanine ethyl ester α-bromoamide (26) (0.58 g, 1.85 mmol) 

and pyridine (135 µL, 1.68 mmol). The title compound (5) was isolated as a white solid in 98% yield (0.64 

g, 1.64 mmol). Mp: 98-100°C. [α]D
20 = +2.26 (0.4 c, CHCl3); 1H-NMR (400 MHz, CDCl3): δ 9.36 (d, J = 7.6 Hz, 

1H), 9.22 (d, J = 4.8 Hz, 2H), 8.41 (t, J = 8.0 Hz, 1H), 7.96 (t, J = 7.6 Hz, 2H), 7.37-7.25 (m, 2H), 7.24-7.14 

(m, 3H), 6.04 (d, J = 14.4 Hz, 1H), 5.98 (d, J = 14.8 Hz, 1H), 4.70-4.65 (m, 1H), 4.12-4.06 (m, 2H), 3.25 (dd, 

J = 14.0, 8.2 Hz, 1H), 3.18 (dd, J = 14.0, 8.0 Hz 1H), 1.17 (t, J = 7.2 Hz, 3H). 13C-NMR (100 MHz, CDCl3): δ 

170.95, 163.97, 146.06, 145.31, 136.61, 129.61, 128.43, 127.63, 126.80, 62.12, 61.55, 54.95, 37.53, 
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14.07. IR (neat) (cm-1): 3184 (w), 3042 (w), 1736 (vs), 1686 (vs), 1632 (m), 1560 (s), 1484 (s), 1368 (s), 

1264 (s), 1188 (vs). ESI-MS (+ve) m/z: Found [M–Br–]+ 313.1543, C18H21N2O3
+ requires 313.1547. 

(S)-1-(2-((1-Ethoxy-1-oxo-3-phenylpropan-2-yl)amino)-2-oxoethyl)-3-methoxypyridin-1-ium bromide 

(6).The general procedure A was applied to L-phenylalanine ethyl ester α-bromoamide (26) (1.05 g, 3.33 

mmol) and 3-methoxypyridine (320 µL, 3.18 mmol). The title compound (6) was isolated as a white 

hygroscopic solid in 96% yield (1.295 g, 3.06 mmol). Mp: 72-74°C. [α]D
20 = –7.2 (2.0 c, CHCl3); 1H-NMR 

(400 MHz, CDCl3): δ 9.39 (d, J = 7.8 Hz, 1H), 9.32 (d, J = 1.1 Hz, 1H), 8.54 (d, J = 5.8 Hz, 1H), 7.87-7.85 

(ddd, J = 9.0, 2.4, 0.8 Hz, 1H), 7.77 (dd, J = 8.8, 5.8 Hz, 1H), 7.35-7.33 (m, 2H), 7.23-7.12 (m, 3H), 5.94 (d, J 

= 14.1 Hz, 1H) 5.88 (d, J = 14.1 Hz, 1H), 4.66 (ddd, J = 8.9 ,8.1, 5.9 Hz, 1H), 4.10 (s, 3H), 4.09-4.03 (m, 2H), 

3.24 (dd, J = 13.9, 5.8 Hz, 1H), 3.17 (dd, J = 13.8, 8.0 Hz, 1H), 1.16 (t, J = 7.2, 3H). 13C-NMR (100 MHz, 

CDCl3): δ 170.83, 163.93, 158.38, 138.15, 136.66, 132.40, 131.99, 129.56, 128.36, 127.58, 126.75, 62.23, 

61.51, 58.29, 54.91, 37.40, 14.07. IR (neat) (cm-1): 3187 (w), 3028 (w), 1736 (s), 1683 (vs), 1507 (vs), 1294 

(vs), 1198 (b). ESI-MS (+ve) m/z: Found [M–Br–]+ 343.1649, C19H23N2O4
+ requires 343.1652. 

(S)-1-(2-((1-Ethoxy-1-oxo-3-phenylpropan-2-yl)amino)-2-oxoethyl)-3-(ethoxycarbonyl)pyridin-1-ium 

bromide (7). To a stirred solution of L-phenylalanine ethyl ester α-bromoamide (26) (0.51 g, 1.61 mmol) 

in THF (25 ml) was added ethyl nicotinate (200 µL, 1.46 mmol). The reaction was stirred under reflux 

conditions for 24 hours. After 24 hours the THF was removed in vacuo to afford a crude brown product. 

The crude product was purified by silica gel chromatography (gradient elution of 5:95 MeOH:DCM to 

10:90 MeOH:DCM) to afford the title compound (7) as an orange solid in 56% yield (0.38 g, 0.819 mmol). 

Mp: 60-62°C. [α]D
20 = + 1.4 (2.0 c, CHCl3); 1H-NMR (400 MHz, CDCl3): δ 9.71 (d, J = 6.0Hz, 1H), 9.37 (m, 

2H), 8.93-8.90 (m, 1H), 8.10 (dd, J = 8.0, 6.4 Hz, 1H), 7.37-7.35 (m, 2H), 7.25-7.22 (m, 2H), 7.17-7.13 (m, 

1H), 6.26 (d, J = 15.2 Hz, 1H), 6.19 (d, J = 15.2 Hz, 1H), 4.72-4.67 (m, 1H), 4.48 (q, J = 7.2 Hz, 2H), 4.11-

4.05 (m, 2H), 3.25-3.14 (m, 2H), 1.44 (t, J = 7.2 Hz, 3H), 1.15 (t, J = 7.1 Hz, 3H). 13C-NMR (100 MHz, CDCl3) 
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δ (ppm): 171.00, 163.80, 160.96, 149.75, 146.96, 145.36, 136.74, 130.41, 129.72, 128.49, 127.73, 126.87, 

63.63, 62.88, 61.59, 55.14, 37.73, 14.28, 14.14. IR (neat) (cm-1): 3180 (w), 3027 (w), 1730 (vs), 1683 (vs), 

1296 (vs), 1188 (b), 1110 (m), 1014 (s). ESI-MS (+ve) m/z: Found [M–Br–]+ 385.1755, C20H26N3O3
+ requires 

385.1758. 

 (S)-4-(Dimethylamino)-1-(2-((1-ethoxy-1-oxo-3-phenylpropan-2-yl)amino)-2-oxoethyl)pyridin-1-ium 

bromide (8).The general procedure A was applied to L-phenylalanine ethyl ester α-bromoamide (26) 

(0.45 g, 1.42 mmol) and dimethylaminopyridine (0.16 g, 1.29 mmol). The title compound (8) was isolated 

as a white solid in 88% yield (0.50 g, 1.14 mmol). Mp: 135-137°C. [α]D
20 = –13.2 (2.0 c, CHCl3). 1H-NMR 

(400 MHz, CDCl3): δ 9.26 (d, J = 7.2 Hz, 1H), 8.36 (d, J = 7.8 Hz, 2H), 7.35-7.33 (m, 2H), 7.21-7.19 (m, 2H), 

7.15-7.11 (m, 1H), 6.73 (d, J = 7.8, 2H), 5.38 (d, J = 14.6, 1H), 5.31 (d, J = 14.6 Hz, 1H), 4.58 (dd, J = 14.9, 

7.4 Hz, 1H), 4.06 (q, J = 6.8 Hz, 2H), 3.22 (s, 6H), 3.21-3.19 (m, 2H), 1.13 (t, J = 7.1 Hz, 3H). 13C-NMR (100 

MHz, CDCl3) δ (ppm): 170.70, 165.33, 156.37, 143.17, 136.86, 129.62, 128.35, 126.62, 107.43, 61.33, 

58.62, 55.12, 40.43, 37.30, 14.09. IR (neat) (cm-1): 3165 (w), 3012 (w), 1743 (s), 1678 (vs), 1651 (vs), 1574 

(m), 1404 (w), 1181 (b), 1024 (w), 818 (s). ESI-MS (+ve) m/z: Found [M–Br–]+ 356.1969, C20H26N3O3
+ 

requires 356.1969. 

(S)-4-(2-((1-Ethoxy-1-oxo-3-phenylpropan-2-yl)amino)-2-oxoethyl)-4-methylmorpholin-4-ium bromide 

(9). The general procedure A was applied to L-phenylalanine ethyl ester α-bromoamide (26) (1.17 g, 3.71 

mmol) and N-methylmorpholine (370 µL, 3.37 mmol). The title compound (9) was isolated as a white 

solid in 34% yield (0.482 g, 1.16 mmol). Mp: 162-164°C. [α]D
20 = –22.71 (0.5 c, CHCl3). 1H-NMR (400 MHz, 

CDCl3): δ 9.40 (d, J = 8.0 Hz, 1H), 7.43-7.41 (m, 2H), 7.29-7.26 (m, 2H), 7.20-7.17 (m, 1H), 5.06 (d, J = 13.8 

Hz, 1H), 4.79 (d, J = 14.1 Hz, 1H), 4.76-4.72 (m, 1H), 4.15 (q, J = 7.2 Hz, 2H), 4.08-4.03 (m, 2H), 3.91 (d, J = 

10.2 Hz, 2H), 3.85-3.75 (m, 2H), 3.57 – 3.49 (m, 1H), 3.47 (s, 3H), 3.36-3.33 (m, 1H), 3.33 (dd, J = 14.0, 4.6 

Hz, 1H), 3.11 (dd, J = 14.1, 10.8 Hz, 1H), 1.24 (t, J = 7.2 Hz, 3H). 13C-NMR (100 MHz, CDCl3): δ 170.80, 
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162.78, 136.73, 129.62, 128.44, 126.82, 61.67, 61.30, 60.57, 60.50, 54.43, 51.40, 37.03, 14.12. IR (neat) 

(cm-1): 3186 (w), 3019 (w), 1735 (s), 1674 (vs), 1534 (s), 1456 (w), 1247 (b), 1120 (m), 1029 (m), 897 (m). 

ESI-MS (+ve) m/z: Found [M–Br–]+ 335.1963, C18H27N2O4
+ requires 335.1965. 

(S)-2-((1-Ethoxy-1-oxo-3-phenylpropan-2-yl)amino)-N-(2-hydroxyethyl)-N,N-dimethyl-2-oxoethan-1-

aminium bromide (10). The general procedure A was applied to L-phenylalanine ethyl ester α-

bromoamide (26) (0.59 g, 1.89 mmol) and dimethylaminoethanol (175 µL, 1.70 mmol).  The title 

compound (10) was isolated as white solid in 99% yield (0.68 g, 1.69 mmol). Mp: 97-99 °C. [α]D
20 = –45.24 

(0.4 c, CHCl3). 1H-NMR (400 MHz, CDCl3): δ 9.01 (d, J = 7.6 Hz, 1H), 7.40-7.38 (m, 2H), 7.30-7.20 (m, 3H), 

4.80 (d, J = 14 Hz, 1H), 4.74 (ddd, J = 10.3, 7.9, 4.8 Hz, 1H), 4.67 (t, J = 5.2 Hz, 1H), 4.43 (d, J = 14 Hz, 1H), 

4.16 (q, J = 7.2 Hz, 2H), 4.12-4.08 (m, 2H), 3.65 (ddd, J = 13.5, 6.2, 2.5 Hz, 1H), 3.56 (ddd, J = 13.7, 6.8, 2.8 

Hz, 1H), 3.36 (s, 3H), 3.29 (s, 3H), 3.29 (dd, J = 13.6 Hz, 5.1 Hz, 1H), 3.11 (dd, J = 14.0, 10.3 Hz, 1H), 1.24 

(t, J = 7.2 Hz, 3H). 13C-NMR (100 MHz, CDCl3): δ 171.01, 163.08, 136.47, 129.52, 128.55, 127.01, 67.47, 

63.29, 61.73, 55.86, 54.42, 53.40, 37.21, 14.11. IR (neat) (cm-1): 3345 (m), 3207 (m), 3056 (w), 1741 (s), 

1686 (vs), 1547 (s), 1281 (s), 1210 (s) 1177 (s), 1079 (m). ESI-MS (+ve) m/z: Found [M–Br–]+ 323.1959, 

C17H27N2O4
+ requires 323.1965. 

1,3-bis(2-(((S)-1-ethoxy-1-oxo-3-phenylpropan-2-yl)amino)-2-oxoethyl)-1H-imidazol-3-ium bromide 

(11). To a stirred solution of L-phenylalanine ethyl ester α-bromoamide (26) (3.26 g, 10.38 mmol) in 

diethyl ether (25 mL) was added TMS-imidazole (0.72 g, 5.10 mmol). The reaction was stirred at room 

temperature under an N2 atmosphere for 24 hours. After 24 hours a white precipitate of TMS-

imidazolium ionic liquid had formed. The diethyl ether was removed in vacuo and the white precipitate 

was rapidly dissolved in ethyl acetate (25 mL). The reaction mixture was then heated under reflux for 24 

hours. After 24 hours the reaction was cooled to room temperature and the solvent removed in vacuo. 

The resulting white solid was washed with diethyl ether (3 x 50 mL). Further drying under high vacuum 
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afforded the title compound (11) as a white solid in 91% yield, (2.86 g, 4.64 mmol).  Mp: 102-104°C. 

[α]D
20 = +8.20 (1.0 c, CHCl3). 1H-NMR (400 MHz, CDCl3): δ 9.36 (s, 1H), 8.65 (d, J = 7.72 Hz, 2H), 7.30-7.17 

(m, 12H), 5.28 (d, J = 15.6 Hz, 2H), 5.05 (d, J = 15.6, 2H), 4.71-4.66 (m, 2H), 4.06 (q, J = 7.2 Hz, 4H), 3.20 

(dd, J = 13.8, 6.0 Hz, 2H), 3.14 (dd, J = 13.9, 8.6 Hz, 2H), 1.16 (t, J = 7.2 Hz, 6H). 13C-NMR (100 MHz, CDCl3) 

δ (ppm): 171.31, 164.50, 137.63, 129.46, 128.46, 126.91, 122.79, 61.61, 54.72, 51.51, 37.43, 14.01. IR 

(neat) (cm-1): 3336 (w), 3092 (w), 3047 (w), 2988 (w), 2951 (w), 2899 (w), 1732 (vs), 1663 (vs), 1537 (m), 

1198 (s), 747 (m), 701 (m). ESI-MS (+ve) m/z: Found [M–Br–]+ 535.2555, C29H35N4O6
+ requires 535.2551. 

Preparation of (1S,2S)-1-({[(2S)-1-ethoxy-1-oxo-3-phenylpropan-2-yl]carbamoyl}methyl)-2-(ethoxy-

carbonyl)-1-methylpyrrolidin-1-ium bromide (12) and (1R,2S)-1-(2-(((S)-1-ethoxy-1-oxo-3-phenyl-

propan-2-yl)amino)-2-oxoethyl)-2-(ethoxycarbonyl)-1-methylpyrrolidin-1-ium bromide (13). To a 

stirred solution of L-phenylalanine ethyl ester α-bromoamide (26) (0.56 g, 1.79 mmol) in DMF (5 mL) was 

added N-methyl-L-proline-ethyl ester (31) (0.25 g, 1.61 mmol). The reaction was stirred under reflux 

conditions for 48 hours. After 48 hours the reaction mixture was allowed to cool to room temperature 

and the DMF was removed in vacuo. Analysis by TLC (1:10 MeOH:DCM) showed the presence of two 

spots separated by 0.05 Rf and were presumed to be diastereomers of the target compound. The crude 

product was purified by silica gel chromatography (gradient elution of 5:95 MeOH:DCM to 10:90 

MeOH:DCM) to afford the title compound (12) as a pale yellow oil in 37% yield (0.28 g, 0.60 mmol). 

[α]D
20 = – 52.9 (2.5 c, EtOH). 1H-NMR (600 MHz, CDCl3): δ 9.05 (d, J = 8.2 Hz, 1H), 7.38 – 7.37 (m, 2H), 

7.23-7.20 (m, 2H), 7.13 – 7.11 (m, 1H), 5.14 (t, J = 9.5 Hz, 1H), 5.04 (d, J = 13.2 Hz, 1H), 4.73 (ddd, J = 

10.6, 8.1, 4.7 Hz, 1H), 4.61 (d, J = 13.2 Hz, 1H), 4.21 (qd, J = 7.2, 2.1 Hz, 2H), 4.14-4.09 (m, 3H), 3.26 (dd, J 

= 14.1, 4.8 Hz, 1H), 3.17-3.14 (m, 1H), 3.15 (s, 3H), 3.06 (dd, J = 14.1, 10.7 Hz, 1H), 2.61-2.59 (m, 1H), 2.21 

– 2.10 (m, 2H), 1.98-1.90 (m, 1H), 1.24 (t, J = 7.2 Hz, 3H), 1.18 (t, J = 7.2 Hz, 3H). 13C-NMR (150 MHz, 

CDCl3): δ 170.34, 165.63, 163.13, 136.73, 129.86, 128.46, 126.78, 73.00, 64.26, 63.37, 62.48, 61.73, 

54.58, 45.71, 37.12, 24.16, 18.94, 14.15, 14.00. IR (neat) (cm-1): 3715 (w), 2981 (b), 1735 (vs), 1678 (vs), 
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1548 (m), 1454 (m), 1371 (m), 1202 (b), 1020 (m), 700 (s). ESI-MS (+ve) m/z: Found [M–Br–]+ 391.2230, 

C21H31N2O5
+ requires 391.2227.  

The diastereomer (13) was also isolated as a pale yellow oil in 13% yield (0.10 g, 0.21 mmol). [α]D
20 = –

46.7 (3.0 c, EtOH). 1H-NMR (400 MHz, CDCl3): δ 9.49 (d, J = 7.4 Hz, 1H), 7.36 – 7.32 (m, 2H), 7.24 – 7.20 

(m, 2H), 7.17 – 7.08 (m, 1H), 5.16 (d, J = 13.6 Hz, 1H), 4.58 – 4.52 (m, 1H), 4.53 – 4.45 (m, 1H), 4.33 (d, J = 

13.5 Hz, 1H), 4.23 – 4.14 (m, 2H), 4.12 – 4.03 (m, 2H), 4.03 – 3.95 (m, 1H), 3.88 – 3.80 (m, 1H), 3.51 (s, 

3H), 3.19 (dd, J = 13.9, 4.7 Hz, 1H), 3.11 (dd, J = 14.0, 10.2 Hz, 1H), 2.65 – 2.55 (m, 1H), 2.45 – 2.34 (m, 

2H), 2.33 – 2.21 (m, 1H), 1.22 (t, J = 7.1 Hz, 3H), 1.15 (t, J = 7.1 Hz, 3H). 13C-NMR (100 MHz, CDCl3): δ 

170.80. 166.97, 163.70, 136.78, 129.48, 128.51, 126.88, 73.60, 64.96, 63.20, 61.62, 58.75, 55.40, 51.01, 

37.28, 26.11, 19.42, 14.13, 13.91. IR (neat) (cm-1): 3183 (w), 2981 (b), 1737 (vs), 1682 (s), 1552 (m), 1455 

(m), 1372 (w), 1211 (b), 1027 (m), 702 (m). ESI-MS (+ve) m/z: Found [M–Br–]+ 391.2227, C21H31N2O5
+ 

requires 391.2227. 

Preparation of (1S,2R)-1-(2-(((S)-1-уthoxy-1-oxo-3-phenylpropan-2-yl)amino)-2-oxoethyl)-2-(ethoxy-

carbonyl)-1-methylpyrrolidin-1-ium bromide (14) and (1R,2R)-1-(2-(((S)-1-уthoxy-1-oxo-3-

phenylpropan-2-yl)amino)-2-oxoethyl)-2-(ethoxycarbonyl)-1-methylpyrrolidin-1-ium bromide (15). To 

a stirred solution of L-phenylalanine ethyl ester α-bromoamide (26) (0.95 g, 3.02 mmol) in ethyl acetate 

(25 mL) was added N-methyl-D-proline-ethyl ester (32) (0.48 g, 3.02 mmol). The reaction was stirred 

under reflux conditions for 48 hours. After 48 hours the reaction was allowed to cool to room 

temperature and the solvent was removed in vacuo to afford a crude product. Analysis by TLC (1:10 

MeOH:DCM) showed the presence of two spots separated by 0.05 Rf and were presumed to be 

diastereomers. The crude product was purified by silica gel chromatography (gradient elution of 5:95 

MeOH:DCM to 10:90 MeOH:DCM)  to afford the title compound (14) as a pale yellow oil in 25% yield 

(0.36 g, 0.76 mmol). [α]D
20 = +1.92 (0.1 c, EtOH). 1H-NMR (400 MHz, CDCl3) δ (ppm): 9.26 (d, J = 8.6 Hz, 
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1H), 7.38 – 7.36 (m, 2H), 7.24 – 7.12 (m, 3H), 4.87 – 4.78 (m, 3H), 4.42 (d, J = 14.2 Hz, 1H), 4.20 (qd, J = 

7.1, 1.7 Hz, 2H), 4.12 (q, J = 7.2 Hz, 2H), 3.87 – 3.81 (m, 1H), 3.46 – 3.39 (m, 1H), 3.34 (s, 3H), 3.26 (dd, J = 

13.8, 4.6 Hz, 1H), 3.04 (dd, J = 13.9, 10.9 Hz, 1H), 2.61-2.53 (m, 1H), 2.48 – 2.39 (m, 1H), 2.33 – 2.18 (m, 

1H), 2.28 – 2.22 (m, 1H), 1.26 (t, J = 7.2 Hz, 3H), 1.21 (t, J = 7.3 Hz, 3H). 13C-NMR (100 MHz, CDCl3): δ 

170.62, 166.69, 163.14, 139.84, 129.72, 128.46, 126.91, 74.30, 64.48, 63.07, 61.66, 58.17, 54.12, 50.51, 

37.39, 25.56, 19.40, 14.18, 13.94. IR (neat) (cm-1): 3183 (w), 2981 (b), 1737 (vs), 1682 (vs), 1552 (m), 

1455 (m), 1372 (w), 1211 (b), 1027 (m), 702 (w). ESI-MS (+ve) m/z: Found [M–Br–]+ 391.2223, C21H31N2O5
+ 

requires 391.2227.  

The diastereomer (15) was also isolated as a pale yellow oil in 34% yield (0.49 g, 1.03 mmol). [α]D
20 = 

+1.86 (1.0 c, EtOH). 1H-NMR (400 MHz, CDCl3): δ 9.28 (d, J = 7.3 Hz, 1H), 7.43 – 7.41 (m, 2H), 7.30 – 7.27 

(m, 2H), 7.22-7.21 (m, 1H), 5.32 (d, J = 13.1 Hz, 1H), 5.11 (t, J = 9.5 Hz, 1H), 4.62 (ddd, J = 10.4, 7.4, 4.8 

Hz, 1H), 4.48-4.43 (m, 1H), 4.42 (d, J = 13.0 Hz, 1H), 4.27 (qd, J = 7.2, 1.3 Hz, 2H), 4.16 (qd, J = 7.2, 2.7 Hz, 

2H), 3.86-3.79 (m, 1H), 3.31 – 3.28 (m, 1H), 3.26 (s, 3H), 3.13 (dd, J = 14.0, 10.4 Hz, 1H), 2.72-2.63 (m, 

1H), 2.39 – 2.31 (m, 1H), 2.28-2.21 (m, 1H), 2.13-2.02 (m, 1H), 1.30 (t, J = 7.1 Hz, 3H), 1.23 (t, J = 7.1 Hz, 

3H). 13C-NMR (100 MHz, CDCl3): δ 170.57, 165.61, 163.38, 136.61, 129.62, 128.56, 126.92, 73.41, 64.84, 

63.39, 62.64, 61.66, 55.23, 45.47, 36.82, 24.24, 18.97, 14.16, 14.01. IR (neat) (cm-1): 3175 (w), 2981 (b), 

1737 (vs), 1678 (vs), 1548 (m), 1545 (m), 1371 (w), 1202 (b), 1020 (s), 700 (w). ESI-MS (+ve) m/z: Found 

[M–Br–]+ 391.2215, C21H31N2O5
+ requires 391.2227. 

Preparation of L-phenylalanine tertiary amino compounds 

 Ethyl (2-(1H-imidazol-1-yl)acetyl)-L-phenylalaninate (21). To a stirred solution of L-phenylalanine ethyl 

ester α-bromoamide (26) (1.01 g, 3.22 mmol) in diethyl ether (20 mL) was added TMS-imidazole (0.32 g, 

2.29 mmol). The reaction was stirred at room temperature under an N2 atmosphere for 24 hours. After 

24 hours a white precipitate of TMS-imidazolium ionic liquid had formed. Diethyl ether was removed in 
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vacuo and the white precipitate was dissolved in 5 mL of water and stirred for 30 minutes to facilitate 

the removal of the TMS group. Water was removed in vacuo and the resulting crude product was 

purified by silica gel chromatography (eluent 10:90 MeOH:DCM) to afford the title compound (21) as a 

pale yellow oil in 55% yield, (0.38 g, 1.27 mmol). [α]D
20 = +19.6 (2.0 c, CHCl3). 1H-NMR (400 MHz, CDCl3): δ 

7.42 (s, 1H), 7.29 – 7.26 (m, 3H), 7.11 (s, 1H), 6.98 – 6.95 (m, 2H), 6.81 (s, 1H), 5.84 (d, J = 7.9 Hz, 1H), 

4.82-4.77 (m, 1H), 4.61 (d, J = 17.2 Hz, 1H), 4.56 (d, J = 17.7 Hz, 1H), 4.16 (q, J = 7.1 Hz, 2H), 3.12 (dd, J = 

13.9, 5.7 Hz, 1H), 3.00 (dd, J = 14.0, 6.5 Hz, 1H), 1.24 (t, J = 7.1 Hz, 3H). 13C-NMR (100 MHz, CDCl3): δ 

170.81, 166.40, 137.50, 135.31, 130.94, 129.14, 128.86, 127.47, 119.58, 61.92, 53.11, 50.00, 37.56, 

14.18. IR (neat) (cm-1): 3202 (w), 2982 (b), 1735 (s), 1673 (s), 1548 (m), 1509 (m), 1454 (w), 1372 (w), 

1199 (b), 1107 (s), 1079 (s), 1030 (s), 744 (s), 701 (s). ESI-MS (+ve) m/z: Found [M+H]+ 302.1493, 

C16H20N3O3
+ requires 302.1499. 

Ethyl N-(2-hydroxyethyl)-N-methylglycyl-L-phenylalaninate (22). To a stirred solution of L-phenylalanine 

ethyl ester α-bromoamide (26) (0.51 g, 1.60 mmol) in diethyl ether (25 mL) was added 2-

(methylamino)ethanol (115 µL, 1.43 mmol). The reaction was stirred at room temperature under an N2 

atmosphere for 24 hours. After 24 hours a waxy precipitate had formed. The supernatant was decanted 

and the waxy crude product was purified by silica gel chromatography (gradient elution of 1:99 

MeOH:DCM to 5:95 MeOH:DCM) to afford the title compound (22) as a pale yellow oil in 34% yield, 

(0.148 g, 0.480 mmol). [α]D
20 = +29.1 (0.9 c, CHCl3).1H-NMR (400 MHz, CDCl3) δ (ppm): 7.74 (d, J = 8.8 Hz, 

1H) 7.29-7.22 (m, 3H), 7.14-7.12 (m, 2H), 4.86 (ddd, J = 8.7, 7.0, 6.1 Hz, 1H), 4.15 (q, J = 7.2 Hz, 2H), 3.63 

– 3.49 (m, 2H), 3.15 (dd, J = 13.9, 5.9 Hz, 1H), 3.07 (dd, J = 14.0, 6.8 Hz, 1H), 3.05 (d, J = 16.7 Hz, 1H), 2.99 

(d, J = 16.9 Hz, 1H), 2.56-2.46 (m, 2H), 2.35 (bs, 1H), 2.28 (s, 3H), 1.22 (t, J = 7.2 Hz, 3H). 13C-NMR (100 

MHz, CDCl3) δ (ppm): 172.46, 170.78, 136.06, 129.22, 128.57, 127.15, 61.73, 61.24, 60.07, 59.61, 52.54, 

43.50, 37.90, 14.09. IR (neat) (cm-1): 3298 (b), 2939 (w), 1737 (s), 1656 (vs), 1517 (s), 1455 (m), 1373 (w), 
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1199 (b), 1129 (w), 1079 (w), 1040 (m), 746 (m), 702 (s). ESI-MS (+ve) m/z: Found [M+H]+ 309.1809, 

C16H25N2O4
+ requires 309.1809 

Ethyl (2-morpholinoacetyl)-L-phenylalaninate (23). To a stirred solution of L-phenylalanine ethyl ester α-

bromoamide (26) (1.07 g, 3.42 mmol) in THF (50 mL) was added morpholine (280 µL, 3.25 mmol). The 

reaction was stirred under reflux conditions for 24 hours. After 24 hours the reactions was allowed to 

cool to room temperature and solid Na2CO3 (0.37 g, 3.50 mmol) was added to the reaction and stirred 

vigorously for 1 hour. After one hour the Na2CO3 was removed by gravity filtration and the solvent was 

removed in vacuo. The crude product was purified by silica gel chromatography (eluent 50:50 ethyl 

acetate:hexane) to afford the title compound (23) as a brown oil in 56% yield, (0.59 g, 1.83 mmol). [α]D
20 

= +15.4 (1.0 c, CHCl3). 1H-NMR (400 MHz, CDCl3): δ 7.56 (bs, 1H), 7.30-7.21 (m, 3H), 7.14-7.13 (m, 2H), 

4.85 (ddd, J = 8.4, 6.9, 5.7 Hz, 1H), 4.17 (q, J = 7.2 Hz, 2H), 3.58 (m, 3.61-3.54, 4H), 3.19 (dd, J = 14.0, 5.7 

Hz, 1H), 3.10 (dd, J = 14.0, 7.0 Hz, 1H), 3.02-2.92 (m, 2H), 2.46 (s, 2H), 2.34 (s, 2H), 1.25 (t, J = 7.2 Hz, 3H). 

13C-NMR (100 MHz, CDCl3): δ 171.68, 136.09, 129.29, 128.74, 127.29, 66.90, 61.66, 53.61, 52.46, 37.77, 

14.26. IR (neat) (cm-1): 3344 (w), 2962 (w), 2856 (w), 2822 (w), 1737 (s), 1676 (s), 1507 (s), 1454 (m), 

1373 (w), 1190 (b), 1114 (vs), 1032 (m), 865 (m), 747 (vs), 700 (m). ESI-MS (+ve) m/z: Found [M+H]+ 

321.1809, C17H25N2O4
+ requires 321.1809. 

Ethyl (2-(((S)-1-ethoxy-1-oxo-3-phenylpropan-2-yl)amino)-2-oxoethyl)-L-prolinate (24). To a stirred 

solution of L-phenylalanine ethyl ester α-bromoamide (26) (0.58 g, 1.85 mmol) in THF (10 mL) was added 

L-proline ethyl ester hydrochloride (34) (0.30 g, 1.68 mmol) and solid Na2CO3 (0.36 g, 3.36 mmol). The 

reaction mixture was stirred at room temperature for 24 hours. After 24 hours the Na2CO3 was removed 

by gravity filtration and the solvent was removed in vacuo. The crude product was purified by silica gel 

chromatography (eluent 50:50 ethyl acetate:hexane) to afford the title compound (24) as a yellow oil in 

53% yield, (0.334 g, 0.887 mmol). [α]D
20 = –6.2 (2.0 c, CHCl3). 1H-NMR (400 MHz, CDCl3): δ 7.87 (d, J = 8.4 
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Hz, 1H), 7.31 – 7.27 (m, 1H), 7.26 – 7.15 (m, 4H), 4.88-4.82 (m, 1H), 4.14 (q, J = 7.2 Hz, 4H), 3.43-3.39 (m, 

2H), 3.15-3.09 (m, 4H), 2.41 (dd, J = 8.0, 7.6 Hz, 1H), 2.41 (dd, J = 16.6, 7.9 Hz, 1H), 1.97-1.92 (m, 1H), 

1.84-1.79 (m, 2H), 1.24 (t, J = 7.2 Hz, 3H), 1.21 (t, J = 7.2 Hz, 3H). 13C-NMR (100 MHz, CDCl3): δ 173.79, 

171.62, 170.76, 136.21, 129.35, 128.45, 126.96, 65.40, 61.28, 60.76, 57.67, 54.07, 52.68, 38.07, 29.59, 

23.92, 14.29, 14.10. IR (neat) (cm-1): 3340 (w), 2980 (w), 1733 (s), 1679 (s), 1509 (m), 1454 (w), 1372 (w), 

1187 (b), 1027 (m), 746 (w), 701 (m). ESI-MS (+ve) m/z: Found [M+H]+ 377.2067, C20H29N2O5
+ requires 

377.2071. 

Preparation of ethyl (2-bromoacetyl)-L-tyrosinate (29). 

To a stirred solution of L-tyrosine ethyl ester hydrochloride (27), (3.65 g, 14.85 mmol), in DCM (50 mL) 

was added solid Na2CO3 (3.46 g, 32.66 mmol). The reaction mixture was stirred vigorously for one hour 

to neutralise the L-tyrosine hydrochloride salt. The reaction mixture was then cooled to 0 °C and 

bromoacetyl bromide was added dropwise (2.6 mL, 30 mmol). The reaction mixture was allowed to 

warm to room temperature and stirred for 12 hours. After 12 hours the Na2CO3 and other salts were 

removed by gravity filtration. The DCM layer was washed with saturated sodium bicarbonate solution (3 

x 50 mL), dried over anhydrous magnesium sulphate and gravity filtered. A small sample was purified by 

silica gel chromatography (eluent 50:50 ethyl acetate:hexane) to give intermediate ethyl (S)-2-(2-

bromoacetamido)-3-(4-(2-bromoacetoxy)phenyl)propanoate (28) isolated. [α]D
20 = +33.1 (1.0 c, CHCl3). 

1H-NMR (400 MHz, CDCl3): δ 7.17 (d, J = 8.6 Hz, 2H), 7.07 (d, J = 8.5 Hz, 2H), 6.87 (d, J = 7.8 Hz, 1H), 4.82 

(dt, J = 7.8, 5.9 Hz, 1H), 4.19 (q, J = 7.2 Hz, 2H), 4.05 (s, 2H), 3.87 (d, J = 13.6 Hz, 1H), 3.83 (d, J = 13.6 Hz, 

1H), 3.18 (dd, J = 13.8, 5.9 Hz, 1H), 3.13 (dd, J = 13.9, 5.7 Hz, 1H), 1.25 (t, J = 7.2 Hz, 3H). 13C-NMR (100 

MHz, CDCl3): δ 170.79, 165.87, 165.27, 149.72, 133.83, 130.62, 133.83, 130.62, 121.39, 62.06, 53.79, 

37.30, 28.80, 25.67, 14.24. IR (neat) (cm-1): 3426(m), 3303(m), 1721(s), 1672 (s), 1519 (m), 1227 (vs), 
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1199 (vs), 1101 (m), 822 (w). ESI-MS (+ve) m/z: Found [M+H]+ 449.9550, C15H18Br2NO5
+ requires 

449.9546. 

The DCM was removed in vacuo and the solid crude product isolated was dissolved in ethanol (10 mL) 

and acidified to pH 1 using conc. HCl. The solution was stirred for 24 hours until TLC showed the 

complete hydrolysis of the phenolic ester and the ethyl ester remaining intact. Precipitation of the 

product by dropwise addition of hexane afforded the title compound (29) as a white solid in 54% yield 

(4.34 g, 13.14 mmol). Mp: 111-113° C. [α]D
20 = +20.9 (1.0 c, CHCl3).1H-NMR (400 MHz, CDCl3): δ 6.99 (d, J 

= 8.5 Hz, 2H), 6.88 (d, J = 8.0 Hz, 1H), 6.74 (d, J = 8.5 Hz, 2H), 5.35 (s, 1H), 4.79 (dt, J = 8.0, 5.8 Hz, 1H), 

4.20 (q, J = 7.1 Hz, 2H), 3.87 (d, J = 13.7 Hz, 1H), 3.83 (d, J = 13.7 Hz, 1H), 3.10 (dd, J = 14.1, 5.7 Hz, 1H), 

3.04 (dd, J = 14.0, 5.9 Hz, 1H), 1.28 (t, J = 7.1 Hz, 3H). 13C-NMR (100 MHz, CDCl3): δ 171.26, 165.51, 

155.24, 130.76, 127.40, 115.78, 62.11, 54.11, 37.23, 28.95, 14.40. IR (neat) (cm-1): 3300(b), 1734(s), 1646 

(s), 1547 (m), 1268 (m), 1194 (vs), 1101 (s), 1019 (m), 932 (w), 851 (w). ESI-MS (+ve) m/z: Found [M+H]+ 

330.0334, C13H17BrNO4
+ requires 330.0335. 

Preparation of ILs via amination of L-tyrosine ethyl ester α-bromoamide (29) – general 

procedure “B” 

To a stirred solution of (29) in ethyl acetate (50 mL) was added the N-heterocycle. The reaction was 

stirred under reflux conditions for 24 hours. After 24 hours the reaction was allowed to cool to room 

temperature and the solvent was removed in vacuo to afford a crude product. The crude product was 

washed with diethyl ether (3 x 50 ml) to afford the corresponding title compound. 

(S)-3-(2-((1-Ethoxy-3-(4-hydroxyphenyl)-1-oxopropan-2-yl)amino)-2-oxoethyl)-1-methyl-1H-imidazol-3-

ium bromide (16). According to the general procedure “B”, using pyridine 1-methylimidazole (0.12 mL, 

1.5 mmol) and L-tyrosine ethyl ester α-bromoamide (29) (0.50 g, 1.53 mmol), the title compound (16) 



14 

 

was isolated as a white solid in 83% yield, (0.51 g, 1.25 mmol). [α]D
20 = +9.8 (0.6 c, EtOH). 1H-NMR (400 

MHz, DMSO): δ 9.30 (s, 1H), 9.08 (s, 1H), 8.98 (d, J = 7.5 Hz, 1H), 7.69 (t, J = 1.8 Hz, 1H), 7.63 (t, J = 1.8 Hz, 

1H), 6.99 (d, J = 8.4 Hz, 2H), 6.68 (d, J = 8.4 Hz, 2H), 5.05 (d, J = 16.6 Hz, 1H), 5.00 (d, J = 16.8 Hz, 1H), 4.43 

– 4.38 (m, 1H), 4.07 – 4.01 (m, 2H), 3.88 (s, 3H), 2.91 (dd, J = 13.8, 6.2 Hz, 1H), 2.83 (dd, J = 13.8, 8.2 Hz, 

1H), 1.10 (t, J = 7.1 Hz, 3H). 13C-NMR (100 MHz, DMSO): δ 171.07, 165.04, 156.16, 137.71, 130.10, 

126.57, 123.67, 123.00, 115.12, 60.68, 54.42, 50.29, 36.17, 35.82, 13.97.  

 (S)-1-(2-((1-Ethoxy-3-(4-hydroxyphenyl)-1-oxopropan-2-yl)amino)-2-oxoethyl)pyridin-1-ium bromide 

(17). According to the general procedure “B”, using pyridine (250 µL, 3.16 mmol), and alkylating reagent 

(29) (1.07 g, 3.23 mmol), the title compound (17) was isolated as a white solid in 99% yield, (1.290 g, 

3.152 mmol). Mp: 30-32° C. [α]D
20 = +15.4 (1.0 c, CHCl3). 1H-NMR (400 MHz, DMSO) : δ 9.30 (s, 1H), 9.19 

(d, J = 7.5 Hz, 1H), 8.92 (d, J = 5.3 Hz, 2H), 8.66 (t, J = 7.8 Hz, 1H), 8.17 (d, J = 7.1 Hz, 1H), 7.01 (d, J = 8.5 

Hz, 2H), 6.68 (d, J = 8.4 Hz, 2H), 5.52 (d, J = 16.0 Hz, 2H), 5.48 (d, J = 16.1 Hz, 1H), 4.45 – 4.40 (m, 1H), 

4.07 – 3.99 (m, 2H), 2.91 (dd, J = 13.9, 6.5 Hz, 1H), 2.86 (dd, J = 13.8, 7.8 Hz, 1H), 1.09 (t, J = 7.1 Hz, 3H). 

13C-NMR (100 MHz, DMSO): δ 171.86, 165.44, 156.19, 146.22, 146.19, 130.15, 127.54, 126.43, 115.14, 

61.32, 60.72, 54.53, 36.31, 13.95. IR (neat) (cm-1): 3197 (b), 3052 (b), 1732 (m), 1683 (s), 1514 (s), 1201 

(bs), 1112 (m), 1021 (m), 853 (m). ESI-MS (+ve) m/z: Found [M–Br–]+ 329.1501, C18H21N2O4
+ requires 

329.1496.  

 (S)-1-(2-((1-Ethoxy-3-(4-hydroxyphenyl)-1-oxopropan-2-yl)amino)-2-oxoethyl)-3-methoxypyridin-1-

ium bromide (18). According to the general procedure “E”, using 3-methoxy pyridine (280 µL, 2.88 

mmol) and alkylating reagent (29) (0.97 g, 2.95 mmol), the title compound (18) was isolated as a white 

solid in 99% yield, (1.25 g, 2.85 mmol). Mp: 117-119 °C. [α]D
20 = +12.7 (1.0 c, CHCl3). 1H-NMR (400 MHz, 

MeOD) : δ 8.67 (dd, J = 2.7, 1.3 Hz, 1H), 8.44 (d, J = 6.0 Hz, 1H), 8.25 (ddd, J = 8.8, 2.6, 0.9 Hz, 1H), 8.03 

(dd, J = 8.9, 5.9 Hz, 1H), 7.09 (d, J = 8.5 Hz, 2H), 6.74 (d, J = 8.5 Hz, 2H), 5.48 (d, J = 16.3 Hz, 1H), 5.43 (d, J 
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= 15.8 Hz, 1H), 4.68 (dd, J = 8.7, 5.8 Hz, 1H), 4.18 (q, J = 7.1 Hz, 2H), 4.08 (s, 3H), 3.13 (dd, J = 14.0, 5.8 Hz, 

1H), 2.95 (dd, J = 14.0, 8.7 Hz, 1H), 1.25 (t, J = 7.2 Hz, 3H). 13C-NMR (100 MHz, DMSO): δ 172.66, 165.71, 

159.97, 157.53, 139.52, 134.89, 132.38, 131.33, 129.21, 128.24, 116.26, 63.01, 62.57, 58.08, 56.03, 

37.77, 14.36. IR (neat) (cm-1): 3196 (b), 3038 (b), 1731 (m), 1682 (m), 1509 (s), 1201 (bs), 1112 (m), 1012 

(m), 826 (w). ESI-MS (+ve) m/z: Found [M–Br–]+ 359.1607, C19H23N2O5
+ requires 359.1601. 

 (S)-1-(2-((1-Ethoxy-3-(4-hydroxyphenyl)-1-oxopropan-2-yl)amino)-2-oxoethyl)-3-(ethoxycarbonyl)-

pyridin-1-ium bromide (19). The target compound was synthesised according to the general procedure 

“B”, using ethyl nicotinate (0.40 mL, 2.98 mmol) and alkylating reagent (29) (1.00 g, 3.04 mmol) to give a 

crude product as a brown solid. The crude product was purified by silica gel chromatography (eluent 

5:95 MeOH:DCM) to afford the title compound (19) as an orange solid in 71% yield, (1.016 g, 2.11 

mmol). Mp: 53-55° C. [α]D
20 = +9.0 (1.0 c, CHCl3). 1H-NMR (400 MHz, CDCl3) : δ 9.34 (s, 1H), 9.21 (d, J = 6.1 

Hz, 1H), 8.86 (d, J = 8.2 Hz, 1H), 8.82 (d, J = 8.3 Hz, 1H), 8.20 (dd, J = 8.1, 6.1 Hz, 1H), 7.05 (d, J = 8.2 Hz, 

2H), 6.67 (d, J = 8.4 Hz, 2H), 6.14 (d, J = 15.5 Hz, 1H), 5.89 (d, J = 15.4 Hz, 1H), 4.72 (td, J = 8.6, 4.3 Hz, 1H), 

4.47 – 4.35 (m, 2H), 4.13 (q, J = 6.9 Hz, 2H), 3.12 (dd, J = 14.1, 4.3 Hz, 1H), 2.97 (dd, J = 14.1, 9.1 Hz, 1H), 

1.39 (t, J = 7.1 Hz, 3H), 1.25 (t, J = 7.1 Hz, 3H). 13C-NMR (100 MHz, CDCl3): δ 171.11, 164.01, 161.25, 

155.64, 149.02, 146.89, 145.75, 130.78, 130.16, 128.45, 127.27, 115.65, 63.55, 62.73, 61.85, 54.80, 

36.58, 14.27, 14.23. IR (neat) (cm-1): 3191 (b), 3047 (b), 1729 (vs), 1685 (vs), 1514 (s), 1297 (s), 1191 (bs), 

1111 (m), 1014 (m), 855 (m), 736 (m). ESI-MS (+ve) m/z: Found [M–Br–]+ 401.1713, C21H25N2O6
+ requires 

401.1707. 

(S)-2-((1-Ethoxy-3-(4-hydroxyphenyl)-1-oxopropan-2-yl)amino)-N-(2-hydroxyethyl)-N,N-dimethyl-2-

oxoethanaminium bromide (20). To a stirred solution of L-tyrosine ethyl ester α-bromoamide (27) (1.03 

g, 3.11 mmol) in diethyl ether (25 mL) was added dimethylaminoethanol (0.30 mL, 3.1 mmol). The 

reaction was stirred at room temperature under an N2 atmosphere for 24 hours. After 24 hours a white 
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precipitate had formed. The supernatant was decanted and the white precipitate was washed with 

diethyl ether (3 x 50 mL) to afford the title compound (20) as a white solid in 79% yield, (1.004 g, 2.394 

mmol). Mp: 141-143° C.  [α]D
20 = –3.0 (1.0 c, CHCl3). 1H-NMR (400 MHz, DMSO): δ 9.27 (s, 1H), 9.00 (d, J = 

7.4 Hz, 1H), 7.01 (d, J = 8.1 Hz, 2H), 6.67 (d, J = 8.2 Hz, 2H), 5.33 (s, 1H), 4.47 (d, J = 5.6 Hz, 1H), 4.21 – 

4.11 (m, 2H), 4.08 (q, J = 6.7 Hz, 2H), 3.80 (s, 2H), 3.52 (s, 2H), 3.17 (s, 3H), 3.16 (s, 3H), 2.95 (dd, J = 14.3, 

5.3 Hz, 1H), 2.81 (dd, J = 13.7, 9.0 Hz, 1H), 1.14 (t, J = 7.1 Hz, 3H). 13C-NMR (100 MHz, DMSO): δ 170.81, 

163.39, 156.16, 130.17, 126.57, 115.11, 66.02, 62.50, 60.86, 54.97, 53.98, 52.07, 52.03, 35.78, 13.99. IR 

(neat) (cm-1): 3357 (b), 3188 (b), 3056 (m), 1737 (vs), 1665 (vs), 1556 (m), 1514 (m), 1369 (m), 1342 (m), 

1287 (s), 1218 (vs), 1179 (vs), 1103 (m), 1071 (m), 1015 (m), 804 (m), 732 (m). ES-MS (+ve) m/z: Found 

[M–Br–]+ 339.1920,  C19H23N2O5
+ requires 339.1914. 

(S)-2-((1-Carboxy-2-phenylethyl)amino)-N-(2-hydroxyethyl)-N,N-dimethyl-2-oxoethan-1-aminium 

bromide (37). To a stirred solution of IL (10) (0.24 g, 0.65 mmol) in a 50% (v/v) THF/H2O solution (10 mL) 

was added LiOH (0.25 g, 5.96 mmol). The solution was allowed to stand in the fridge for 12 hours. After 

12 hours the basic solution was acidified to pH 6 by dropwise addition of HBr. Evaporation of the solvent 

in vacuo yielded a waxy crude white product. The crude product was washed with acetonitrile (3 x 10 

mL) to extract the title compound leaving the inorganic salt behind. Solvent was removed in vacuo to 

afford the title compound (37) as a white solid in 85% yield (0.21 g, 0.55 mmol). Mp: 59-61°C. [α]D
20 = 

+5.0 (0.1 c, EtOH). 1H-NMR (400 MHz, DMSO): δ 8.37 (d, J = 8.5 Hz, 1H), 7.30 – 7.14 (m, 5H), 7.14 – 7.02 

(m, 1H), 5.36 (s, 1H), 4.21 (td, J = 9.7, 3.9 Hz, 2H), 4.13 (d, J = 14.2 Hz, 1H), 4.06 (d, J = 14.2 Hz, 1H), 3.48 – 

3.38 (m, 2H), 3.22 – 3.10 (m, 2H), 3.09 (s, 3H), 3.06 (s, 3H), 2.70 (dd, J = 13.7, 10.0 Hz, 1H). 13C-NMR (100 

MHz, DMSO): δ 174.74, 162.46, 139.32, 129.53, 128.32, 126.31, 66.12, 63.72, 56.47, 55.17, 52.30, 52.16, 

38.01. IR (neat) (cm-1): 3406 (s), 3236 (m), 1636 (s), 1614 (vs), 1395 (m), 1085 (m), 699 (m). ESI-MS (+ve) 

m/z: Found [M-Br-]+ 295.1660, C15H23O4N2
+ requires 295.1652  
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(S)-1-(2-(Benzyloxy)-2-oxoethyl)-3-(2-((1-ethoxy-1-oxo-3-phenylpropan-2-yl)amino)-2-oxoethyl)-1H-

imidazol-3-ium bromide (39). To a stirred solution of ethyl alkylating reagent (26) (0.67 g, 2.13 mmol) in 

diethyl ether (25 mL) and ethyl acetate (5 mL) was added imidazole intermediate (38) (0.38 g, 1.77 

mmol). An off-white precipitate was observed forming after 30 minutes. The reaction was stirred at 

room temperature for 72 hours. After 72 hours the solvent was decanted and the resulting white crude 

product was washed with diethyl ether (3 x 25 mL) to afford the title compound (39) as an off white solid 

in 97% yield (0.91 g, 1.72 mmol). Mp: 57-59° C. [α]D
20 = +9.5 (1.95 c, CHCl3). 1H-NMR (400 MHz, CDCl3): δ 

9.58 (s, 1H), 8.95 (d, J = 7.7 Hz, 1H), 7.46 – 7.28 (m, 9H), 7.25 – 7.07 (m, 3H), 5.36 – 5.28 (m, 3H), 5.27 – 

5.18 (m, 1H), 5.17 (s, 2H), 4.69 – 4.59 (m, 1H), 4.08 – 3.96 (m, 2H), 3.17 (d, J = 2.0 Hz, 1H), 3.14 (dd, J = 

12.0, 3.9 Hz, 1H), 1.12 (t, J = 7.1 Hz, 3H). 13C-NMR (100 MHz, CDCl3): δ 171.47, 165.96, 164.78, 138.39, 

136.76, 134.45, 129.66, 129.06, 128.93, 128.89, 128.62, 127.01, 123.41, 123.04, 68.73, 61.71, 54.98, 

51.75, 50.56, 37.52, 14.18. IR (neat) (cm-1): 3033 (b), 1736 (vs), 1684 (vs), 1551 (s), 1178 (vs), 1024 (s), 

743 (s), 697 (vs). ESI-MS (+ve) m/z: Found [M-Br-]+ 450.2027, C25H28N3O5
+ requires 450.2023 

(S)-1-(Carboxymethyl)-3-(2-((1-ethoxy-1-oxo-3-phenylpropan-2-yl)amino)-2-oxoethyl)-1H-imidazol-3-

ium bromide (40).To a stirred solution of IL (39) (0.45 g, 0.85 mmol) in DCM (25 mL) was added 10% 

Pd/C (0.045 g). The reaction mixture was stirred vigorously under 1 atmosphere of H2 for 12 hours. After 

12 hours the reaction mixture was degassed with a stream of N2 and filtered over a pad of celite. The 

celite filter pad was washed with DCM (3 x 25 mL). The combined filtrate was collected and organic 

solvent was removed in vacuo. The resulting crude product was washed with chloroform (3 x 25 mL) to 

afford the title compound (40) as an off white solid in 87% yield (0.33 g, 0.74 mmol). Mp: 162-164° C. 

[α]D
20 = +4.0 (0.1 c, EtOH). 1H-NMR (400 MHz, D2O): δ 8.71 (t, J = 1.6 Hz, 1H), 7.45 (t, J = 1.9 Hz, 1H), 7.36 

– 7.16 (m, 6H), 5.05 – 4.88 (m, 4H), 4.74 – 4.68 (m, 1H), 4.14 (qd, J = 7.2, 1.3 Hz, 2H), 3.23 (dd, J = 13.9, 

5.7 Hz, 1H), 2.96 (dd, J = 13.9, 9.4 Hz, 1H), 1.16 (t, J = 7.2 Hz, 3H). 13C-NMR (100 MHz, D2O): δ 172.61, 
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170.12, 166.42, 137.85, 136.20, 129.11, 128.65, 127.14, 123.48, 123.07, 62.76, 54.41, 50.54, 50.48, 

36.62, 13.09. IR (neat) (cm-1): 3311 (b), 3108 (m), 2981 (m), 1726 (vs), 1664 (vs), 1555 (s), 1537 (s), 1215 

(s), 1195 (s), 1178 (s), 691 (s). ESI-MS (+ve) m/z: Found [M-Br-]+  360.1559, C19H21N2O5
+ requires 360.1559. 

(S)-3-Carboxy-1-(2-((1-ethoxy-1-oxo-3-phenylpropan-2-yl)amino)-2-oxoethyl)pyridin-1-ium bromide 

(41). To a stirred solution of sodium nicotinate (0.48 g, 3.3 mmol) in DMF (25 mL) was added alkylating 

reagent (26) (3.21 g, 10.22 mmol). The reaction mixture was heated under reflux conditions for 72 hours 

and was observed to change from colourless to yellow. After 72 hours the reaction mixture was allowed 

to cool to room temperature. DMF was removed in vacuo and the crude orange product was purified by 

silica gel chromatography (eluent 5:95 MeOH:DCM) to afford the title compound (41) as an orange solid 

in 37% yield (0.53 g, 1.22 mmol). [α]D
20 = -8.0 (0.1 c, EtOH). 1H-NMR (400 MHz, D2O) δ (ppm): 8.92 (s, 1H), 

8.86 (dt, J = 8.1, 1.4 Hz, 1H), 8.61 (dt, J = 6.2, 1.3 Hz, 1H), 8.04 (dd, J = 8.0, 6.2 Hz, 1H), 7.32 – 7.16 (m, 

5H), 5.42 (d, J = 16.0 Hz, 1H), 5.34 (d, J = 16.0 Hz, 1H), 4.77 – 4.72 (m, 1H), 4.14 (q, J = 7.2 Hz, 2H), 3.24 

(dd, J = 13.9, 5.5 Hz, 1H), 2.93 (dd, J = 13.8, 9.7 Hz, 1H), 1.16 (t, J = 7.2 Hz, 3H). 13C-NMR (100 MHz, 

D2O+DMSO): δ 175.04, 169.21, 167.77, 149.14, 148.79, 138.76, 131.75, 131.23, 130.30, 129.76, 65.40, 

64.15, 57.07, 37.00, 15.71. IR (neat) (cm-1): 2969 (b), 2779 (s), 2437 (m), 1733 (m), 1686 (s), 1641 (s), 

1372 (s), 1211 (s), 1022 (vs), 705 (s), 668 (s). ESI-MS (+ve) m/z: Found [M-Br-]+ 357.1451, C19H21N2O5
+ 

requires 357.1450. 

(S)-1-(2-((1-Carboxy-2-phenylethyl)amino)-2-oxoethyl)-3-(ethoxycarbonyl)pyridin-1-ium bromide (42). 

To a stirred suspension of L-phenylalanine (0.87 g, 5.23 mmol) in deionised water (10 mL) at 0 °C was 

added a 1M NaOH solution (0.2 mL). The solution was stirred for 30 minutes until dissolution of the L-

phenylalanine was achieved. After complete dissolution was observed, a solution of bromoacetyl 

bromide (0.50 mL, 5.7 mmol) in toluene (10 mL) was added to the stirred aqueous reaction mixture 
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dropwise. Reaction pH was maintained at pH 9 by the concomitant addition of supplementary 1M NaOH 

if pH was determined to be decreasing by universal indicator paper checks every 5 minutes. After 30 

minutes the reaction mixture was acidified to pH 1 and the target product was observed to precipitate 

as a white solid. Isolation of the target product was achieved by vacuum filtration of the reaction 

mixture followed by washing with ice cold deionised water (3 x 5 mL). Excess water was removed in 

vacuo to afford (2-bromoacetyl)-L-phenylalanine as a white solid in 58% yield (0.86 g, 3.01 mmol). 1H-

NMR (400 MHz, CDCl3): δ 7.38 – 7.26 (m, 3H), 7.21 – 7.13 (m, 2H), 6.83 (d, J = 7.7 Hz, 1H), 4.93 – 4.83 (m, 

1H), 3.89 (d, J = 13.9 Hz, 1H), 3.84 (d, J = 13.9 Hz, 1H), 3.25 (dd, J = 14.0, 5.5 Hz, 1H), 3.17 (dd, J = 14.0, 

6.1 Hz, 1H). 13C-NMR (100 MHz, CDCl3): δ 172.42, 165.88, 137.29, 129.10, 128.19, 126.50, 53.78, 36.47, 

28.97. No 1H or 13C-NMR were previously reported in the literature procedure63.  

To a stirred solution of ethyl nicotinate (0.66 mL, 4.8 mmol) in DMF (25 mL) was added alkylating 

reagent (2-bromoacetyl)-L-phenylalanine (0.70 g, 2.41 mmol). The reaction was heated under reflux 

conditions for 72 hours and was observed to change from colourless to yellow. After 72 hours the 

reaction mixture was allowed to cool to room temperature. DMF was removed in vacuo and the crude 

orange product was purified by silica gel chromatography (eluent 5:95 MeOH:DCM) to afford the title 

compound (42) as an orange solid in 57% yield (0.60 g, 1.38 mmol). Mp: 85-87° C. [α]D
20 =+-9.0 (0.1 c, 

EtOH). 1H-NMR (400 MHz, D2O): δ 9.18 (s, 1H), 9.02 (d, J = 8.2 Hz, 1H), 8.74 (d, J = 6.1 Hz, 1H), 8.17 – 8.09 

(m, 1H), 7.32 – 7.19 (m, 5H), 5.45 (d, J = 16.1 Hz, 1H), 5.35 (d, J = 16.0 Hz, 1H), 4.70 (dd, J = 9.9, 5.1 Hz, 

1H), 4.43 (q, J = 7.1 Hz, 2H), 3.26 (dd, J = 13.9, 4.9 Hz, 1H), 2.92 (dd, J = 13.7, 10.0 Hz, 1H), 1.34 (t, J = 7.1 

Hz, 3H). 13C-NMR (100 MHz, D2O): δ 177.13, 167.39, 164.99, 150.98, 149.32, 149.14, 139.14, 133.31, 

131.75, 131.20, 130.66, 129.66, 66.45, 64.26, 57.20, 39.50, 15.71. IR (neat) (cm-1): 3201 (b), 3029 (m), 

2928 (m), 1729 (vs), 1682 (vs), 1540 (s), 1298 (vs), 1207 (vs), 1188 (vs), 741 (s), 643 (s). ESI-MS (+ve) m/z: 

Found [M-Br-]+ 357.1449;  C19H21N2O5
+ requires 357.1450 
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NMR spectra 

(S)-1-(2-((1-Ethoxy-1-oxo-3-phenylpropan-2-yl)amino)-2-oxoethyl)pyridin-1-ium bromide (5). 

 

1H-NMR  

 
13C-NMR
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(S)-1-(2-((1-Ethoxy-1-oxo-3-phenylpropan-2-yl)amino)-2-oxoethyl)-3-methoxypyridin-1-ium 

bromide (6) 

 

1H -NMR 

 

13C-NMR  
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(S)-1-(2-((1-Ethoxy-1-oxo-3-phenylpropan-2-yl)amino)-2-oxoethyl)-3-(ethoxycarbonyl)pyridin-1-

ium bromide (7) 

 

1H-NMR 

  
13C-NMR 
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(S)-4-(Dimethylamino)-1-(2-((1-ethoxy-1-oxo-3-phenylpropan-2-yl)amino)-2-oxoethyl)pyridin-1-ium 

bromide (8). 

 

1H -NMR  

 

13C -NMR 
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(S)-4-(2-((1-Ethoxy-1-oxo-3-phenylpropan-2-yl)amino)-2-oxoethyl)-4-methylmorpholin-4-ium 

bromide (9) 

 

1H-NMR 

 

13C-NMR
 

 

H
N

O

O

O

N

O

Br
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(S)-2-((1-Ethoxy-1-oxo-3-phenylpropan-2-yl)amino)-N-(2-hydroxyethyl)-N,N-dimethyl-2-oxoethan-

1-aminium bromide (10) 

 

1H-NMR 

 

13C -NMR 

 

H
N

O

O

O

N

Br

HO
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1,3-bis(2-(((S)-1-ethoxy-1-oxo-3-phenylpropan-2-yl)amino)-2-oxoethyl)-1H-imidazol-3-ium bromide 

(11). 

 

1H-NMR  

 
13C-NMR 
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(1S,2S)-1-({[(2S)-1-Ethoxy-1-oxo-3-phenylpropan-2-yl]carbamoyl}methyl)-2-

(ethoxycarbonyl)-1-methylpyrrolidin-1-ium bromide (12). 

 

1H-NMR 

 

 

13C-NMR 
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(1R,2S)-1-(2-(((S)-1-Ethoxy-1-oxo-3-phenylpropan-2-yl)amino)-2-oxoethyl)-2-

(ethoxycarbonyl)-1-methylpyrrolidin-1-ium bromide (13). 

 

1H-NMR 

 

 

13C-NMR 
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(1S,2R)-1-(2-(((S)-1-Ethoxy-1-oxo-3-phenylpropan-2-yl)amino)-2-oxoethyl)-2-

(ethoxycarbonyl)-1-methylpyrrolidin-1-ium bromide (14). 

 

1H-NMR: 

 

13C-NMR 
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(1R,2R)-1-(2-(((S)-1-Ethoxy-1-oxo-3-phenylpropan-2-yl)amino)-2-oxoethyl)-2-

(ethoxycarbonyl)-1-methylpyrrolidin-1-ium bromide (15). 

 

1H-NMR: 

 

 

13C-NMR: 

 

N

O
O

H
N

O

O

OBr

CH3H
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 Ethyl (2-(1H-imidazol-1-yl)acetyl)-L-phenylalaninate (21). 

 

1H-NMR 

 

 

13C-NMR 
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Ethyl N-(2-hydroxyethyl)-N-methylglycyl-L-phenylalaninate (22). 

 

1H-NMR  

 

13C-NMR 
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Ethyl (2-morpholinoacetyl)-L-phenylalaninate (23) 

 

1H-NMR 

 

13C-NMR 
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Ethyl (2-(((S)-1-Ethoxy-1-oxo-3-phenylpropan-2-yl)amino)-2-oxoethyl)-L-prolinate (24). 

 

1H-NMR 

 

13C-NMR 
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Ethyl (S)-2-(2-bromoacetamido)-3-(4-(2-bromoacetoxy)phenyl)propanoate (28). 

 

1H-NMR 

 

13C-NMR 
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Ethyl (2-bromoacetyl)-L-tyrosinate (29) 

 

1H-NMR 

 

 

13C-NMR 
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(S)-3-(2-((1-Ethoxy-3-(4-hydroxyphenyl)-1-oxopropan-2-yl)amino)-2-oxoethyl)-1-methyl-1H-

imidazol-3-ium bromide (16). 

 

1H-NMR: 

 

 

13C-NMR 
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(S)-1-(2-((1-Ethoxy-3-(4-hydroxyphenyl)-1-oxopropan-2-yl)amino)-2-oxoethyl)pyridin-1-ium 

bromide (17). 

 

1H-NMR 

 

 

 

13C-NMR 
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(S)-1-(2-((1-Ethoxy-3-(4-hydroxyphenyl)-1-oxopropan-2-yl)amino)-2-oxoethyl)-3-methoxypyridin-1-

ium bromide (18). 

 

1H-NMR 

 

 

13C-NMR 

 

 



40 

 

(S)-1-(2-((1-Ethoxy-3-(4-hydroxyphenyl)-1-oxopropan-2-yl)amino)-2-oxoethyl)-3-(ethoxycarbonyl)-

pyridin-1-ium bromide (19). 

 

1H-NMR 

 

 

13C-NMR 
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(S)-2-((1-ethoxy-3-(4-hydroxyphenyl)-1-oxopropan-2-yl)amino)-N-(2-hydroxyethyl)-N,N-dimethyl-

2-oxoethanaminium bromide (20) 

 

1H-NMR 

 

 

13C-NMR 
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 (2-Bromoacetyl)-L-phenylalanine . 

1H-NMR 

 

13C-NMR 
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 (S)-2-((1-carboxy-2-phenylethyl)amino)-N-(2-hydroxyethyl)-N,N-dimethyl-2-oxoethan-1-aminium 

bromide (37). 

1H-NMR 

 

13C-NMR 
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 (S)-1-(2-(Benzyloxy)-2-oxoethyl)-3-(2-((1-ethoxy-1-oxo-3-phenylpropan-2-yl)amino)-2-oxoethyl)-

1H-imidazol-3-ium bromide (39). 

1H-NMR 

 

13C-NMR 
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(S)-1-(Carboxymethyl)-3-(2-((1-ethoxy-1-oxo-3-phenylpropan-2-yl)amino)-2-oxoethyl)-1H-imidazol-

3-ium bromide (40). 

 

1H-NMR 

 

13C-NMR 
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(S)-3-Carboxy-1-(2-((1-ethoxy-1-oxo-3-phenylpropan-2-yl)amino)-2-oxoethyl)pyridin-1-ium 

bromide (41). 

1H-NMR 

 

 

13C-NMR 
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 (S)-1-(2-((1-carboxy-2-phenylethyl)amino)-2-oxoethyl)-3-(ethoxycarbonyl)pyridin-1-ium bromide 

(42). 

 1H-NMR 

 

 

13C-NMR 
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Scheme S1. Synthesis of proline derivatives 30-34 
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