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1. General information 

All chemicals were acquired from commercial sources (Merck or Thermo Fischer) at reagent grade and 

were used without further purification. The syntheses were carried out in an Anton-Parr Monowave 

400 microwave reactor with the reaction temperature controlled using the on-broad infra-red sensor. 

The NMR spectra were acquired in a Bruker DMX 400 NMR instrument at a resolution of 400 MHz and 

100 MHz, for 1H and 13C NMR respectively, using the residual solvent peak of DMSO-d6 at 2.50 ppm 

(1H NMR) and 39.5 ppm (13C NMR) as reference. All chemical shifts (δ) were recorded in ppm unit and 

coupling frequency (J) in Hertz (Hz). Shorthand notations were used for the NMR characterization: s 

(singlet); d (doublet); q (quartet); dd (doublet of doublets); td (triplet of doublets); m (multiplet). The 

high resolution m/z values were measured in Dalton units (Da) using an Agilent 1290 Infinity LC system 

coupled to an Agilent 6520 Accurate-Mass Q-TOF mass spectrometer with the ESI source in positive 

mode. Shorthand notation: calcd (calculated). HPLC analyses were performed using a mobile phase of 

acetonitrile/ultrapure water (9:1) in an Agilent 1260 with a Zorbax C18 column (5 μm) and detected by 

diode array at 210 nm and 254 nm. All hydantoin compounds were reported to be ˃95% pure. 

2. Synthesis and characterization of products 

General procedure for the synthesis of (S)-5-benzylimidazolidine-2,4-dione (H2a): 

A 30 mL microwave reactor vial was charged with L-phenylalanine (5 mmol), distilled water (7 mL), 

and potassium cyanate (25 mmol) and irradiated in an Anton–Paar Monowave 400 microwave reactor 

at 80 °C for 1 hour. Upon completion of the N-carbamylation reaction, as confirmed by TLC analysis, 

the reaction mixture was treated with concentrated hydrochloric acid (7 mL) and microwave irradiated 

at 80 °C for 15 min. The precipitates in the reaction mixture were filtered, washed with 1 M HCl 

solution (2 × 7 mL), distilled water (2 × 10 mL), and dried to afford H2a as a white solid. Yield 89%. 

[α]D
20 -100.9 (c 11, CH3CN). 1H NMR (400 MHz, DMSO-d6) δ 10.44 (s, 1H), 7.93 (s, 1H), 7.17 – 7.30 (m, 

5H), 4.33 (td, J = 5, 1 Hz, 1H), 2.92 (m, 2H). 13C NMR (100 MHz, DMSO-d6) δ 175.2, 157.2, 135.6, 129.8, 

128.1, 126.7, 58.4, 36.4. LC-MS (ESI) m/z: 191 [M+H]+, 163, 120. HRMS (ESI) m/z: [M+H]+ Calcd for 

C10H11N2O2 191.0815; Found: 191.0815. The procedure was repeated by substituting L-phenylalanine 

with the corresponding amino acid to obtain H2b–c and H2e–f. 

General procedure for the synthesis of (S)-5-((2,5-dioxoimidazolidin-4-yl)methyl)-1H-imidazol-3-ium 

chloride (H2d): 

A 30 mL microwave reactor vial was charged with L-histidine (5 mmol), distilled water (7 mL), and 

potassium cyanate (25 mmol) and irradiated in an Anton-Paar Monowave 400 microwave reactor at 

80 °C for 1 hour. Upon completion of the N-carbamylation reaction, as confirmed by TLC analysis, the 
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reaction mixture was treated with concentrated hydrochloric acid (7 mL) and microwave irradiated at 

80 °C for 15 min. The reaction mixture was neutralized to pH 7 using saturated sodium bicarbonate 

solution and extracted with ethyl acetate multiple times. The organic extracts were combined, dried 

with anhydrous sodium sulfate, and concentrated under reduced pressure to afford H2d as a white 

solid. Yield 70%. 1H NMR (400 MHz, DMSO-d6) δ 10.59 (s, 1H), 7.88 (s, 1H), 7.74 (s, 1H), 6.88 (s, 1H), 

5.52 (s, 2H), 4.25 (t, J = 6 Hz, 1H), 2.95 (dd, J = 15, 4 Hz, 1H), 2.81 (dd, J = 15, 6 Hz, 1H). 13C NMR (100 

MHz, DMSO-d6) δ 175.5, 157.4, 134.6, 131.6, 117.0, 57.6, 28.8. LC-MS (ESI) m/z: 181 [M+H]+, 136. The 

procedure was repeated by substituting L-histidine with the corresponding amino acid to obtain H2g–

j. 

2.1 Characterization data 

Carbamoyl-L-phenylalanine (H1a): 

White solid. Yield 89%. [α]D
20 -33.4 (c 10, CH3CN). 1H NMR (400 MHz, DMSO-d6) δ 7.28 (t, J = 7 Hz, 2H), 

7.20 (m, 3H), 6.18 (d, J = 8 Hz, 1H), 5.62 (s, 2H), 4.33 (dd, J = 13, 8 Hz, 1H), 2.99 (dd, J = 13, 5 Hz, 1H), 

2.84 (dd, J = 13, 8 Hz, 1H). 13C NMR (100 MHz, DMSO-d6) δ 174.1, 158.4, 137.6, 129.4, 128.3, 126.6, 

53.9, 37.7. LC-MS (ESI) m/z: 209 [M+H]+, 166, 120. Data in accordance with literature [1].20 

(S)-5-(4-Hydroxybenzyl)imidazolidine-2,4-dione (H2b): 

White solid. Yield 84%. [α]D
20 -90.5 (c 10, acetone). 1H NMR (400 MHz, DMSO-d6) δ 10.39 (1H, s), 9.27 

(s, 1H), 7.87 (s, 1H), 6.96 (d, J = 8 Hz, 2H), 6.64 (d, J = 8 Hz, 2H), 4.23 (q, J = 5 Hz, 1H), 2.80 (d, J = 5 Hz, 

2H). 13C NMR (100 MHz, DMSO-d6) δ 175.4, 157.3, 156.1, 130.8, 125.5, 114.9, 58.7, 35.6. LC-MS (ESI) 

m/z: 207 [M+H]+, 179, 136, 107. HRMS (ESI) m/z: [M+H]+ Calcd for C10H11N2O3 207.0764; Found: 

207.0759. 

(S)-5-((1H-Indol-2-yl)methyl)imidazolidine-2,4-dione (H2c): 

White solid. Yield 71%. [α]D
20 -97.1 (c 10, CH3CN). 1H NMR (400 MHz, DMSO-d6) δ 10.90 (s, 1H), 10.37 

(s, 1H), 7.91 (s, 1H), 7.55 (d, J = 8 Hz, 1H), 7.32 (d, J = 8 Hz, 1H), 7.12 (d, J = 2 Hz, 1H), 7.05 (td, J = 7, 1 

Hz, 1H), 6.97 (td, J = 7, 1 Hz, 1H), 4.30 (dd, J = 4, 1 Hz, 1H), 3.06 (d, J = 4 Hz, 2H). 13C NMR (100 MHz, 

DMSO-d6) δ 175.8, 157.5, 135.9, 127.5, 124.2, 120.9, 118.7, 118.4, 111.3, 108.0, 58.4, 26.5. LC-MS (ESI) 

m/z: 230 [M+H]+, 130. HRMS (ESI) m/z: [M+H]+ Calcd for C12H12N3O2 230.0924; Found: 230.0926. 

(S)-5-Phenylimidazolidine-2,4-dione (H2e): 

White solid. Yield 48%. [α]D
20 -136.0 (c 10, CH3CN). 1H NMR (400 MHz, DMSO-d6) δ 10.81 (s, 1H), 8.41 

(s, 1H), 7.32 – 7.43 (m, 5H), 5.16 (s, 1H). 13C NMR (100 MHz, DMSO-d6) δ 174.3, 157.6, 136.1, 128.7, 

128.3, 126.8, 61.3. LC-MS (ESI) m/z: 177 [M+H]+, 149, 106. Data in accordance with literature [2].21 

(S)-5-Isobutylimidazolidine-2,4-dione (H2f): 

White solid. Yield 34%. [α]D
20 -78.0 (c 10, CH3CN). 1H NMR (400 MHz, DMSO-d6) δ 10.59 (s, 1H), 8.01 (s, 

1H), 3.99 (m, 1H), 1.75 (m, 1H), 1.34 – 1.51 (m, 2H), 0.87 (t, J = 6 Hz, 6H). 13C NMR (100 MHz, DMSO-

d6) δ 176.6, 157.5, 56.2, 40.8, 24.2, 23.2, 21.5. LC-MS (ESI) m/z: 157 [M+H]+, 129. Data in accordance 

with literature [2].21 

(S)-5-((R)-1-Hydroxyethyl)imidazolidine-2,4-dione (H2g): 

White solid. Yield 78%. [α]D
20 -103.4 (c 10, CH3CN). 1H NMR (400 MHz, DMSO-d6) δ 7.89 (s, 1H), 5.48 (s, 

1H), 4.93 (d, J = 6 Hz, 1H), 3.85 – 3.92 (m, 1H), 3.82 (dd, J = 3, 1 Hz, 1H), 1.12 (d, J = 6 Hz, 3H). 13C NMR 

(100 MHz, DMSO-d6) δ 174.8, 158.2, 65.2, 63.9, 20.3. LC-MS (ESI) m/z: 145 [M+H]+, 101. Data in 

accordance with literature [3].22 
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(S)-5-Isopropylimidazolidine-2,4-dione (H2h): 

White solid. Yield 86%. [α]D
20 -85.9 (c 10, CH3CN). 1H NMR (400 MHz, DMSO-d6) δ 10.56 (s, 1H), 7.89 (s, 

1H), 3.89 (dd, J = 4, 1 Hz, 1H), 1.94 – 2.02 (m, 1H), 0.93 (d, J = 7 Hz, 3H), 0.79 (d, J = 7 Hz, 3H). 13C NMR 

(100 MHz, DMSO-d6) δ 175.5, 157.9, 62.8, 29.6, 18.6, 15.9. LC-MS (ESI) m/z: 143 [M+H]+, 115. HRMS 

(ESI) m/z: [M+H]+ Calcd for C6H11N2O2 143.0815; Found: 143.0814. 

(S)-5-Methylimidazolidine-2,4-dione (H2i): 

White solid. Yield 83%. [α]D
20 -23.2 (c 10, CH3CN). 1H NMR (400 MHz, DMSO-d6) δ 10.58 (s, 1H), 7.88 (s, 

1H), 4.02 (q, J = 7 Hz, 1H), 1.21 (d, J = 7 Hz, 3H). 13C NMR (100 MHz, DMSO-d6) δ 176.9, 157.2, 53.4, 

17.3. LC-MS (ESI) m/z: 115 [M+H]+. Data in accordance with literature [2].21 

(S)-5-(2-(Methylthio)ethyl)imidazolidine-2,4-dione (H2j): 

White solid. Yield 59%. [α]D
20 -49.9 (c 10, CH3CN). 1H NMR (400 MHz, DMSO-d6) δ 10.66 (s, 1H), 8.02 (s, 

1H), 4.10 (qd, J = 4, 1 Hz, 1H), 2.53 (m, 2H), 2.05 (s, 3H), 1.87 – 1.97 (m, 1H), 1.71 – 1.80 (m, 1H). 13C 

NMR (100 MHz, DMSO-d6) δ 175.9, 157.4, 56.6, 31.0, 28.8, 14.5. LC-MS (ESI) m/z: 175 [M+H]+, 147, 

127. Data in accordance with literature [2].21 

 

3. NMR and HRMS Spectra 

 

1H NMR spectrum of carbamoyl-L-phenylalanine (H1a) 
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13C NMR spectrum of carbamoyl-L-phenylalanine (H1a) 

 

 

Mass spectrum of carbamoyl-L-phenylalanine (H1a) 
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1H NMR spectrum of (S)-5-benzylimidazolidine-2,4-dione (H2a) 

 

13C NMR spectrum of (S)-5-benzylimidazolidine-2,4-dione (H2a) 
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HRMS spectrum of (S)-5-benzylimidazolidine-2,4-dione (H2a) 

 

 

Mass spectrum of (S)-5-benzylimidazolidine-2,4-dione (H2a) 
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1H NMR spectrum of (S)-5-(4-hydroxybenzyl)imidazolidine-2,4-dione (H2b) 

 

13C NMR spectrum of (S)-5-(4-hydroxybenzyl)imidazolidine-2,4-dione (H2b) 
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HRMS spectrum of (S)-5-(4-hydroxybenzyl)imidazolidine-2,4-dione (H2b) 

 

 

Mass spectrum of (S)-5-(4-hydroxybenzyl)imidazolidine-2,4-dione (H2b) 
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1H NMR spectrum of (S)-5-((1H-indol-2-yl)methyl)imidazolidine-2,4-dione (H2c) 

 

13C NMR spectrum of (S)-5-((1H-indol-2-yl)methyl)imidazolidine-2,4-dione (H2c) 
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HRMS spectrum of (S)-5-((1H-indol-2-yl)methyl)imidazolidine-2,4-dione (H2c) 

 

 

Mass spectrum of (S)-5-((1H-indol-2-yl)methyl)imidazolidine-2,4-dione (H2c) 
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1H NMR spectrum of (S)-5-((2,5-dioxoimidazolidin-4-yl)methyl)-1H-imidazol-3-ium chloride (H2d) 

 

13C NMR spectrum of (S)-5-((2,5-dioxoimidazolidin-4-yl)methyl)-1H-imidazol-3-ium chloride (H2d) 
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Mass spectrum of (S)-5-((2,5-dioxoimidazolidin-4-yl)methyl)-1H-imidazol-3-ium chloride (H2d) 

 

1H NMR spectrum of (S)-5-phenylimidazolidine-2,4-dione (H2e) 
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13C NMR spectrum of (S)-5-phenylimidazolidine-2,4-dione (H2e) 

 

 

Mass spectrum of (S)-5-phenylimidazolidine-2,4-dione (H2e) 
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1H NMR spectrum of (S)-5-isobutylimidazolidine-2,4-dione (H2f) 

 

13C NMR spectrum of (S)-5-isobutylimidazolidine-2,4-dione (H2f) 
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Mass spectrum of (S)-5-isobutylimidazolidine-2,4-dione (H2f) 

 

1H NMR spectrum of (S)-5-((R)-1-hydroxyethyl)imidazolidine-2,4-dione (H2g) 
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13C NMR spectrum of (S)-5-((R)-1-hydroxyethyl)imidazolidine-2,4-dione (H2g) 

 

 

Mass spectrum of (S)-5-((R)-1-hydroxyethyl)imidazolidine-2,4-dione (H2g) 
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1H NMR spectrum of (S)-5-isopropylimidazolidine-2,4-dione (H2h) 

 

13C NMR spectrum of (S)-5-isopropylimidazolidine-2,4-dione (H2h) 
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HRMS spectrum of (S)-5-isopropylimidazolidine-2,4-dione (H2h) 

 

 

Mass spectrum of (S)-5-isopropylimidazolidine-2,4-dione (H2h) 
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1H NMR spectrum of (S)-5-methylimidazolidine-2,4-dione (H2i) 

 

13C NMR spectrum of (S)-5-methylimidazolidine-2,4-dione (H2i) 



S20 
 

 

 

Mass spectrum of (S)-5-methylimidazolidine-2,4-dione (H2i) 

 

1H NMR spectrum of (S)-5-(2-(methylthio)ethyl)imidazolidine-2,4-dione (H2j) 
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13C NMR spectrum of (S)-5-(2-(methylthio)ethyl)imidazolidine-2,4-dione (H2j) 

 

 

Mass spectrum of (S)-5-(2-(methylthio)ethyl)imidazolidine-2,4-dione (H2j) 
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4. Chromatograms of compounds 

 

 

 

Chromatogram and HPLC integrations of H2a. 
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Chromatogram and HPLC integrations of H2b. 

 

 

Chromatogram and HPLC integrations of H2c. 
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Chromatogram and HPLC integrations of H2d. 

 

 

Chromatogram and HPLC integrations of H2e. 
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Chromatogram and HPLC integrations of H2f. 

 

 

Chromatogram and HPLC integrations of H2g. 
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Chromatogram and HPLC integrations of H2h. 

 

 

Chromatogram and HPLC integrations of H2i. 
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Chromatogram and HPLC integrations of H2j. 
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