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1.  General information 

All commercially available reagents and solvents were used without further purification. The 

control experiment to increase hemiaminal formation was conducted using ACN from Merck, 

ACS reagent purity grade (≥ 99.5%).The control experiment with benzyl alcohol was conducted 

using DCM distilled over CaH2 and preserved on activated MS 4Å. 1,2-Diaza-1,3-dienes 1a–f 

were synthesized as a mixture of E/Z isomers as previously reported.[1,2] Chromatographic 

purification of compounds was carried out on silica gel (60–200 μm). TLC analysis was 

performed on pre-loaded (0.25 mm) glass supported silica gel plates (Kieselgel 60); compounds 

were visualized by exposure to UV light and by dipping the plates in 1% Ce(SO4)•4H2O, 2.5% 

(NH4)6Mo7O24•4H2O in 10% sulphuric acid followed by heating on a hot plate. Melting points 

were determined in open capillary tubes with a Gallenkamp apparatus and are uncorrected. All 

1H NMR, 13C NMR spectra and 2D experiments were recorded on a Bruker Avance at 400 and 

100 MHz, respectively, using [D6]DMSO as solvent. Chemical shifts (δ scale) are reported in 

parts per million (ppm) relative to the central peak of the solvent and are sorted in ascending order 

within each group. The following abbreviations are used to describe peak patterns where 

appropriate: s = singlet, d = doublet, dd = doublet of doublet, dt = doublet of triplet, t = triplet, q 

= quartet, m = multiplet and br = broad signal, Ar, aromatic hydrogen. All coupling constants (J 

value) are given in hertz [Hz]. All the OH, NH and NH2 exchanged with D2O. The multiplicities 

in 13C NMR spectra were obtained using HMQC experiments to aid in assignment (q = methyl, t 

= methylene, d = methine, s = quaternary). In some spectra double peaks are due to E/Z isomerism 

or to a mixture of diastereomers. High- and low-resolution mass spectrometry was performed on 

a Micromass Q-ToF Micro mass spectrometer (Micromass, Manchester, UK) using an ESI 

source. 
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2  Table S1: Substituted 1,2-diaza-1,3-dienes (DDs) 1a–f employed.[1] 

 

 

 

3  Table S2: Nucleophiles 2a,b. 

 

 

 

4  Table S3: Substituted isothiocyanates 3a–f and isocyanates 3g,h employed. 
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5 General procedures 

Sequential MCR procedure for the synthesis of substituted 2-thiohydantoins 4a–n. 

In a similar manner,[3] to a solution of DD 1a–f (1.0 mmol) in DCM (10.0 mL) at room 

temperature, -aminoacetal 2a,b (1.0 mmol) was added and the reaction mixture was stirred at 

room temperature until the disappearance of the corresponding DD and the formation of the N-

adduct (TLC control, 0.50–2.0 h). Directly, to the reaction medium, 1.0 equiv of isothiocyanate 

3a–f was then added, and the reaction was left at room temperature under magnetic stirring (2–

18 h). After the removal of the reaction solvent under reduced pressure, derivatives 4a,d,f,h–

j,l–n were obtained by column chromatography (eluting with a mixture of cyclohexane/ethyl 

acetate, from 60:40 to pure ethyl acetate) and crystallized from appropriate solvents. In the 

cases of derivatives 4b,c,e,g,k, the products precipitated directly from the reaction mixture and 

were collected by filtration in vacuo. Then, their mother liquors were dried over anhydrous 

Na2SO4, the solvent removed under reduced pressure and the crudes chromatographed on silica 

gel column (eluting with a mixture of cyclohexane/ethyl acetate, from 60:40 to pure ethyl 

acetate). The pure products 4a–n, were then crystallized from appropriate solvents. 

 

Sequential MCR procedure for the synthesis of substituted hydantoins 4o–r 

In a similar manner,[3] to a solution of DD 1a,e (1.0 mmol) in EtOH (10.0 mL) at room 

temperature, -aminoacetal 2a,b (1.0 mmol) was added and the reaction mixture was stirred at 

room temperature until the disappearance of the corresponding DD and the formation of the N-

adduct (TLC control, 0.50–2.0 h). Directly to the reaction medium, 1.0 equiv of isocyanate 3g,h 

was then added, and the reaction was left at room temperature under magnetic stirring (18–

30 h). Then, the solvent was removed under reduced pressure and the crude reaction mixture 

was chromatographed on silica gel column (eluting with a mixture of cyclohexane/ethyl acetate, 

from 60:40 to pure ethyl acetate). The obtained products 4o–r were precipitated from ethyl 

acetate/light petroleum ether and recrystallized from appropriate solvents. 

 

Procedure for the synthesis of substituted heterocyclic N,O-aminals 5a–r and hemiaminals 6a–

p. 

Derivative 4a–r (1.0 mmol) was dissolved in DCM (10 mL) under magnetic stirring at room 

temperature. Then, FeCl3 (0.3 mmol) was added and the reaction mixture was stirred until the 

disappearance of 4a–r (0.5–4.0 h; TLC monitoring). After the removal of DCM under 

reduced pressure, the crude reaction mixture was chromatographed on silica gel column 
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(eluting with a mixture of cyclohexane/ethyl acetate, from 70:30 to 30:70) to separate 5a–r 

from 6a–p that were subjected to crystallization from appropriate solvents. 

 

Procedure for the conversion of 2-thiohydantoin 4j into hemiaminal 6a and N,O-aminal 5j. 

Derivative 4j (0.5 mmol, 218 mg) was dissolved in ACN (5 mL) under magnetic stirring at 

room temperature. Then, FeCl3 (0.15 mmol, 24 mg) was added, and the reaction mixture was 

stirred for 96 h. After the removal of the solvent under reduced pressure, the crude reaction 

mixture was chromatographed on silica gel column (eluting with a mixture of 

cyclohexane/ethyl acetate, from 70:30 to 30:70) to separate the prevalent 6a from 5j that were 

subjected to crystallization from appropriate solvents. 

 

Conversion of 4j into 7 under nitrogen atmosphere. 

In a flame-dried Schlenk flask under nitrogen, containing a magnetic stirring bar and activated 

MS 4Å (330 mg), derivative 4j (0.15 mmol, 66 mg), FeCl3 (0.045 mmol, 7.3 mg), benzyl 

alcohol (0.225 mmol, 24 μL) and DCM (1.5 mL) were added and the reaction mixture was 

stirred under nitrogen for 24 h. The crude reaction mixture was filtered through a plug of 

silica gel, washing with ethyl acetate/cyclohexane (v:v; 60:40) and the resulting filtrate was 

evaporated under reduced pressure. The mixture was chromatographed on silica gel column, 

eluting with dichloromethane until all the remaining benzyl alcohol had been removed (TLC 

check). Then, DCM/Et2O (v:v; 90:10) was utilized, to obtain the pure product 7 as a yellow 

solid in 70% isolated yield. 
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6 Characterization of compounds 4a–r, 5a–r, 6a–p, and 7 

 

tert-Butyl 2-(1-(3-(2,2-diethoxyethyl)-5-oxo-1-phenyl-2-

thioxoimidazolidin-4-yl)ethylidene)hydrazinecarboxylate (4a)[3]:  

 

The characterization data of 4a are available at: https://chemistry-

europe.onlinelibrary.wiley.com/action/downloadSupplement?doi=10.1002%2Fejoc.20220105

3&file=ejoc202201053-sup-0001-misc_information.pdf.  

 

2-(1-(3-(2,2-Diethoxyethyl)-5-oxo-1-phenyl-2-thioxoimidazolidin-

4-yl)ethylidene)-N-phenylhydrazinecarboxamide (4b):  

reaction time: 8 h; yield 42%, (203.1 mg); white powder from DCM; 

m.p. 194-195 °C; 1H NMR (400 MHz, DMSO-d6): δ 1.10-1.17 (m, 6H, 

2 x OCH2CH3
 ), 1.85 (s, 3H, CH3 ), 3.48-3.69 (m, 5H, 2 x OCH2CH3

  and NCHaHb), 4.11 (dd, 

2J = 14.4 Hz, 3J = 4.8 Hz, 1H, NCHaHb), 4.88 (t, J = 5.2 Hz, 1H, CH), 5.24 (s, 1H, CH), 7.02 

(t, J = 7.6 Hz, 1H, Ar), 7.29-7.37 (m, 4H, Ar), 7.47- 7.58 (m, 5H, Ar), 8.87 (s, 1H, NH, D2O 

exch.), 10.12 (s, 1H, NH, D2O exch.); 13C NMR (100 MHz, DMSO-d6): δ 12.3, 15.1, 15.2, 48.1, 

61.7, 62.1, 69.9, 98.8, 119.2, 122.5, 128.6, 128.7, 128.9, 133.5, 138.8, 140.1, 152.8, 170.0, 

182.8; HRMS (ESI) calcd. for C24H30N5O4S [M + H+] 484.2013; found 484.2005. 

 

2-(1-(3-(2,2-Diethoxyethyl)-1-(4-methoxyphenyl)-5-oxo-2 

thioxo-imidazolidin-4-yl)ethylidene)-N- 

phenylhydrazinecarboxamide (4c):  

reaction time: 15 h; yield 77%, (395.5 mg); white powder from 

DCM; m.p. 188-189 °C; 1H NMR (400 MHz, DMSO-d6): δ 1.10-1.16 (m, 6H, 2 x OCH2CH3
 ), 

1.83 (s, 3H, CH3 ), 3.47-3.68 (m, 5H, 2 x OCH2CH3
  and NCHaHb), 3.81 (s, 3H, OCH3 ), 4.09 

(dd, 2J = 14.4 Hz, 3J = 4.8 Hz, 1H, NCHaHb), 4.87 (t, J = 5.2 Hz, 1H, CH), 5.20 (s, 1H, CH), 

7.00-7.06 (m, 3H, Ar), 7.24-7.33 (m, 4H, Ar), 7.57 (d, J = 8.8 Hz, 2H, Ar), 8.88 (s, 1H, NH, 

D2O exch.), 10.13 (s, 1H, NH, D2O exch.); 13C NMR (100 MHz, DMSO-d6): δ 12.3, 15.1, 15.2, 

48.1, 55.4, 61.7, 62.0, 69.8, 98.8, 114.1, 119.2, 122.5, 126.0, 128.6, 129.8, 138.8, 140.2, 152.9, 

159.4, 170.2, 183.3; HRMS (ESI) calcd. for C25H32N5O5S [M + H+] 514.2119 found 514.2125. 
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2-(1-(3-(2,2-Diethoxyethyl)-1-methyl-5-oxo-2-thioxoimidazolidin-

4-yl)ethylidene)-N-phenylhydrazinecarboxamide (4d):  

reaction time: 18 h; yield 81%, (341.4 mg); white powder from 

cyclohexane/EtOAc; m.p. 140-141 °C; 1H NMR (400 MHz, DMSO-d6): δ 1.07-1.13 (m, 6H, 2 

x OCH2CH3
 ), 1.70 (s, 3H, CH3 ), 3.18 (s, 3H, CH3 ), 3.41-3.64 (m, 5H, 2 x OCH2CH3

  and 

NCHaHb), 4.06 (dd, 2J = 14.4 Hz, 3J = 4.8 Hz, 1H, NCHaHb), 4.80 (t, J = 5.2 Hz, 1H, CH), 5.04 

(s, 1H, CH), 7.01 (t, J = 7.2 Hz, 1H, Ar), 7.30 (t, J = 7.2 Hz, 2H, Ar), 7.56 (d, J = 6.4 Hz, 2H, 

Ar), 8.85 (s, 1H, NH, D2O exch.), 10.08 (s, 1H, NH, D2O exch.); 13C NMR (100 MHz, DMSO-

d6): δ 12.1, 15.0, 15.1, 28.2, 61.6, 62.0, 69.2, 98.7, 119.1, 122.4, 128.5, 138.6, 140.1, 152.7, 

170.4, 183.3; HRMS (ESI) calcd. for C19H27N5O4SNa [M + Na+]: 444.1676; found: 444.1686. 

 

2-(1-(1-(3-Bromophenyl)-3-(2,2-diethoxyethyl)-5-oxo-2-

thioxoimidazolidin-4-yl)ethylidene)-N-phenyl-

hydrazinecarboxamide (4e):  

reaction time: 16.5 h; yield 59%, (331.8 mg); white powder from 

DCM; m.p. 180-182 °C; 1H NMR (400 MHz, DMSO-d6): δ 1.11-1.18 (m, 6H, 2 x OCH2CH3
 ), 

1.86 (s, 3H, CH3 ), 3.48-3.69 (m, 5H, 2 x OCH2CH3
  and NCHaHb), 4.10 (dd, 2J = 14.4 Hz, 3J 

= 4.8 Hz, 1H, NCHaHb), 4.86 (t, J = 5.2 Hz, 1H, CH), 5.23 (s, 1H, CH), 7.02 (t, J = 7.6 Hz, 1H, 

Ar), 7.31 (t, J = 7.6 Hz, 2H, Ar), 7.41-7.44 (m, 1H, Ar), 7.50 (t, J = 8.4 Hz, 1H, Ar), 7.58 (d, J 

= 7.6 Hz, 2H, Ar), 7.68-7.70 (m, 2H, Ar), 8.87 (s, 1H, NH, D2O exch.), 10.12 (s, 1H, NH, D2O 

exch.); 13C NMR (100 MHz, DMSO-d6): δ 12.4, 15.1, 15.2, 48.2, 61.7, 62.0, 70.0, 98.8, 119.2, 

121.1, 122.5, 128.1, 128.6, 130.7, 131.5, 132.0, 134.9, 138.8, 140.0, 152.8, 169.8, 182.4; HRMS 

(ESI) calcd. for C24H29BrN5O4S [M + H+]: 562.1118; found: 562.1126. 

 

tert-Butyl 2-(1-(1-(3-bromophenyl)-3-(2,2-diethoxyethyl)-5-oxo-2-

thioxoimidazolidin-4-yl)ethylidene)hydrazinecarboxylate (4f)[3]:  

 

The characterization data of 4f are available at: https://chemistry-

europe.onlinelibrary.wiley.com/action/downloadSupplement?doi=10.1002%2Fejoc.20220105

3&file=ejoc202201053-sup-0001-misc_information.pdf.  
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2-{1-[1-(4-Chlorophenyl)-3-(2,2-diethoxyethyl)-5-oxo-2-

thioxoimidazolidin-4-yl]ethylidene}hydrazine 

carboxamide (4g):  

reaction time: 12.5 h; yield 72%, (318.2 mg); white powder from 

EtOAc/MeOH/Et2O; m.p. 126-128 °C; 1H NMR (400 MHz, DMSO-d6): δ 1.02-1.16 (m, 6H, 2 

x OCH2CH3), 1.77 (s, 3H, CH3), 3.44-3.67 (m, 5H, 2 x OCH2CH3 and NCHaHb), 4.08 (dd, 2J = 

14.4 Hz, 3J = 4.8 Hz, 1H, NCHaHb), 4.82 (t, J = 5.2 Hz, 1H, CH), 5.07 (s, 1H, CH), 6.45 (brs, 

2H, NH2, D2O exch.), 7.40 (d, J = 8.4 Hz, 2H, Ar), 7.59 (d, J = 8.4 Hz, 2H, Ar), 9.69 (s, 1H, 

NH, D2O exch.); 13C NMR (100 MHz, DMSO-d6): δ 12.3, 15.1, 15.2, 48.0, 61.7, 62.1, 64.9, 

70.0, 98.8, 129.0, 130.6, 132.3, 133.6, 138.4, 156.6, 169.9, 183.4; HRMS (ESI) calcd. for 

C18H25ClN5O4S [M + H+]: 442.1310; found: 442.1329. 

 

1-(2,2-Diethoxyethyl)-5-(1-(2-(4-nitrophenyl)hydrazono)ethyl)-

3-phenyl-2-thioxoimidazolidin-4-one (4h):  

reaction time: 10 h; yield 48%, (233.0 mg); light orange powder 

from EtOAc/Et2O; m.p. 129-130 °C; 1H NMR (400 MHz, DMSO-

d6): δ 1.11 (t, J = 7.2 Hz, OCH2CH3), 1.18 (t, J = 7.2 Hz, OCH2CH3), 1.96 (s, 3H, CH3), 3.46-

3.70 (m, 5H, 2 x OCH2CH3 and NCHaHb), 4.21 (dd, 2J = 14.0 Hz, 3J = 4.0 Hz, 1H, NCHaHb), 

4.82-4.85 (m, 1H, CH), 5.23 (s, 1H, CH), 7.28 (d, J = 9.2 Hz, 2H, Ar), 7.35 (d, J = 7.2 Hz, 2H, 

Ar), 7.45-7.54 (m, 3H, Ar), 8.17 (d, J = 9.2 Hz, 2H, Ar), 10.35 (s, 1H, NH, D2O exch.); 13C 

NMR (100 MHz, DMSO-d6): δ 12.8, 15.1, 15.2, 47.8, 61.8, 62.1, 69.8, 99.1, 111.9, 125.8, 

128.6, 128.9, 129.0, 133.5, 139.1, 140.6, 150.7, 170.1, 182.6; HRMS (ESI) calcd for 

C23H28N5O5S : [M + H+]: 486.1806; found: 486.1815. 

 

Ethyl 2-(1-(3-(2,2-dimethoxyethyl)-1-(4-methoxyphenyl)-5-oxo-2-

thioxoimidazolidin-4-yl)ethylidene)hydrazinecarboxylate (4i):  

reaction time: 6 h; yield 78%, (318.6 mg); white solid from DCM; m.p 

150 °C; 1H NMR (400 MHz, , DMSO-d6): δ 1.25 (t, J = 7.2 Hz, 3H, 

OCH2CH3
 ), 1.82 (s, 3H, CH3 ), 3.29 (s, 3H, OCH3

 ), 3.33 (s, 3H, OCH3 ), 3.60 (dd, 2J = 14.0 

Hz, 3J = 5.6 Hz, 1H, NCHaHb), 4.03 (dd, 2J = 14.4 Hz, 3J = 4.8 Hz, 1H, NCHaHb), 4.17 (q, J = 

7.2 Hz, 3H, OCH2CH3), 4.69 (t, J = 5.2 Hz, 1H, CH), 5.12 (s, 1H, CH), 7.34 (d, J = 8.4 Hz, 2H, 

Ar), 7.46-7.53 (m, 3H, Ar), 10.37 (s, 1H, NH, D2O exch.); 13C NMR (100 MHz, DMSO-d6): δ 

12.7, 14.5, 47.3, 53.7, 53.8, 60.7, 69.8, 100.8, 128.6, 129.8, 129.0, 133.4, 143.9, 153.9, 169.9, 

182.6; HRMS (ESI) calcd. for C18H25N4O5S : [M + H+]: 409.1540; found: 409.1527.  
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tert-Butyl 2-(1-(3-(2,2-dimethoxyethyl)-5-oxo-1-phenyl-2-

thioxoimidazolidin-4-yl)ethylidene)hydrazinecarboxylate (4j):  

reaction time: 13.5 h; yield 58%, (253.2 mg); white powder from DCM; 

m.p. 163-164 °C; 1H NMR (400 MHz, DMSO-d6): δ 1.47 (s, 9H, But), 1.81 (s, 3H, CH3 ), 3.30 

(s, 3H, OCH3), 3.33 (s, 3H, OCH3), 3.55 (dd, 2J = 14.4 Hz, 3J = 6.0 Hz, 1H, NCHaHb), 4.07 (dd, 

2J = 14.4 Hz, 3J = 4.4 Hz, 1H, NCHaHb,), 4.69 (t, 1H, J= 5.2 Hz, CH), 5.10 (s, 1H, CH), 7.33 

(d, J = 7.2 Hz, 2H, Ar), 7.44-7.53 (m, 3H, Ar), 10.08 (brs, 1H, NH, D2O exch.); 13C NMR (100 

MHz, DMSO-d6): δ 12.7, 28.0, 47.1, 53.7, 53.8, 69.8, 79.8, 100.8, 128.6, 128.8, 128.9, 133.5, 

143.1, 152.7, 169.9, 182.7; HRMS (ESI) calcd. for C20H29N4O5S [M + H+]: 437.1853; found: 

437.1865. 

 

Methyl 2-(1-(3-(2,2-dimethoxyethyl)-5-oxo-1-phenyl-2-

thioxoimidazolidin-4-yl)ethylidene)hydrazinecarboxylate (4k):  

reaction time: 2 h; yield 73%, (287.9 mg); white solid from DCM; m.p 

125-126 °C; 1H NMR (400 MHz, , DMSO-d6): δ 1.81 (s, 3H, CH3 ), 3.29 

(s, 3H, OCH3
 ), 3.33 (s, 3H, OCH3 ), 3.60 (dd, 2J = 14.4 Hz, 3J = 5.6 Hz, 1H, NCHaHb), 3.70 (s, 

3H, OCH3), 4.00 (dd, 2J = 14.4 Hz, 3J = 4.8 Hz, 1H, NCHaHb), 4.69 (t, J = 5.2 Hz, 1H, CH), 

5.10 (s, 1H, CH), 7.33 (d, J = 6.8 Hz, 2H, Ar), 7.45-7.54 (m, 3H, Ar), 10.41 (s, 1H, NH, D2O 

exch.); 13C NMR (100 MHz, DMSO-d6): δ 12.6, 47.3, 52.1, 53.7, 53.9, 69.9, 100.8, 128.6, 

129.9, 129.0, 133.5, 144.0, 154.4, 169.9, 182.9; HRMS (ESI) calcd. for C17H23N4O5S [M + H+]: 

395.1384; found: 395.1391. 

 

Ethyl 2-(1-(3-(2,2-dimethoxyethyl)-1-(4-methoxyphenyl)-5-oxo-

2-thioxoimidazolidin-4-yl)ethylidene)hydrazinecarboxylate (4l): 

 reaction time: 8 h; yield 58%, (254.3 mg); white solid from DCM; 

m.p 155 °C; 1H NMR (400 MHz, , DMSO-d6): δ 1.24 (t, J = 7.2 Hz, 

3H, OCH2CH3
 ), 1.80 (s, 3H, CH3 ), 3.28 (s, 3H, OCH3

 ), 3.32 (s, 3H, OCH3 ), 3.57 (dd, 2J = 

14.0 Hz, 3J = 5.6 Hz, 1H, NCHaHb), 3.80 (s, 3H, OCH3) 4.01 (dd, 2J = 14.4 Hz, 3J = 4.8 Hz, 

1H, NCHaHb), 4.16 (q, J = 7.2 Hz, 3H, OCH2CH3), 4.68 (t, J = 5.2 Hz, 1H, CH), 5.07 (s, 1H, 

CH), 7.03 (d, J = 9.2 Hz, 2H, Ar), 7.23 (d, J = 8.8 Hz, 2H, Ar), 10.35 (s, 1H, NH, D2O exch.); 

13C NMR (100 MHz, DMSO-d6): δ 12.6, 14.5, 47.3, 53.7, 53.8, 55.4, 60.7, 69.7, 100.8, 114.1, 

126.0, 129.8, 143.9, 153.6, 159.4, 170.1, 183.3; HRMS (ESI) calcd. for C19H27N4O6S [M + H+]: 

439.1646; found: 439.1631.  
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tert-Butyl 2-(1-(1-(4-chlorophenyl)-3-(2,2-dimethoxyethyl)-5-oxo-2- 

thioxoimidazolidin-4-yl)ethylidene)hydrazine- 

carboxylate (4m)[3]:  

The characterization data of 4m are available at: 

https://chemistry-

europe.onlinelibrary.wiley.com/action/downloadSupplement?doi=10.1002%2Fejoc.20220105

3&file=ejoc202201053-sup-0001-misc_information.pdf. 

 

tert-Butyl 2-(1-(3-(2,2-dimethoxyethyl)-1-(4-nitrophenyl)-5-

oxo-2-thioxoimidazolidin-4-yl)ethylidene)hydrazine- 

carboxylate (4n): 

reaction time: 14.5 h; yield 63% (303.3 mg); beige powder from 

DCM/light petroleum ether; m.p. 150-154 °C dec.; 1H NMR (400 MHz, DMSO-d6): δ 1.45 and 

1.47 (2s, 9H, But), 1.83 (s, 3H, CH3), 3.31 (s, 3H, OCH3), 3.34 (s, 3H, OCH3), 3.56 (dd, 2J = 

14.4 Hz, 3J = 6.4 Hz, 1H, NCHaHb), 4.10 (dd, 2J = 14.4 Hz, 3J = 4.4 Hz, 1H, NCHaHb,), 4.68 (t, 

J = 5.6 Hz, 1H, CH), 5.12 (s, 1H, CH), 7.71 (d, J = 9.2 Hz, 2H, Ar), 8.37 (d, J = 8.8 Hz, 2H, 

Ar), 10.09 (s, 1H, NH, D2O exch.); 13C NMR (100 MHz, DMSO-d6): δ 12.9, 27.9, 28.0, 47.1, 

53.8, 69.9, 79.8, 100.8, 124.0, 130.1, 138.9, 147.2, 152.7, 169.5 181.6; HRMS (ESI) calcd. for 

C20H28N5O7S [M + H+]: 482.1704; found: 482.1716. 

 

tert-Butyl 2-(1-(3-(2,2-diethoxyethyl)-2,5-dioxo-1-

phenylimidazolidin-4-yl)ethylidene)hydrazine- 

carboxylate (4o):  

reaction time: 25 h; yield 30%, (134.5 mg); white powder from 

Et2O/light petroleum ether; m.p. 124-125 °C; 1H NMR (400 MHz, 

DMSO-d6): δ 1.09-1.14 (m, 6H, 2 x OCH2CH3
 ), 1.46 (s, 9H, But), 1.80 (s, 3H, CH3 ), 3.23 (dd, 

2J = 14.4 Hz, 3J = 5.6 Hz, 1H, NCHaHb), 3.45-3.64 (m, 5H, 2 x OCH2CH3
  and NCHaHb), 4.64 

(t, 1H, J = 5.6 Hz, CH), 4.88 (s, 1H, CH), ), 7.36-7.44 (m, 3H, Ar), 7.50 (t, J = 7.2 Hz, 2H, Ar), 

9.99 (s, 1H, NH, D2O exch.); 13C NMR (100 MHz, DMSO-d6): δ 12.4, 15.1, 15.2, 28.0, 44.0, 

61.6, 61.7, 67.2, 79.6, 99.4, 126.4, 128.2, 128.8, 131.6, 144.0, 152.7, 155.0, 168.7; HRMS (ESI) 

calcd. for C22H32N4O6Na [M + Na+]; 471.2214; found: 471.2216. 

  



 

S11 

tert-Butyl 2-(1-(1-(4-chlorophenyl)-3-(2,2-diethoxyethyl)-2,5-

dioxoimidazolidin-4-yl)ethylidene)hydrazinecarboxylate (4p): 

 reaction time: 18 h; yield 56%, (270.5 mg); white powder from 

Et2O /Petroleum ether; m.p. 147-148 °C; 1H NMR (400 MHz, 

DMSO-d6): δ 1.09-1.14 (m, 6H, 2 x OCH2CH3
 ), 1.46 (s, 9H, But), 

1.80 (s, 3H, CH3 ), 3.23 (dd, 2J = 14.8 Hz, 3J = 5.6 Hz, 1H, NCHaHb,), 3.45-3.64 (m, 5H, 2 x 

OCH2CH3
  and NCHaHb), 4.63 (t, 1H, J = 5.2 Hz, CH), 4.88 (s, 1H, CH), ), 7.43 (d, J = 8.8 Hz, 

2H, Ar), 7.58 (d, J = 8.8 Hz, 2H, Ar), 10.00 (s, 1H, NH, D2O exch.); 13C NMR (100 MHz, 

DMSO-d6): δ 12.4, 15.1, 15.2, 28.0, 44.1, 61.5, 61.7, 67.1, 79.6, 99.4, 128.2, 128.9, 130.5, 

132.5, 143.9, 152.7, 154.9, 168.6; HRMS (ESI) calcd. for C22H32ClN4O6 [M + H+]: 483.2005; 

found: 483.2009. 

 

tert-Butyl 2-(1-(3-(2,2-dimethoxyethyl)-2,5-dioxo-1-

phenylimidazolidin-4-yl)ethylidene)hydrazinecarboxylate (4q):  

reaction time: 22 h; yield 48%, (201.8 mg); white powder from 

Et2O/Petroleum ether; m.p. 151-152 °C; 1H NMR (400 MHz, DMSO-

d6): δ 1.48 (s, 9H, But), 1.82 (s, 3H, CH3 ), 3.28 (s, 3H, OCH3), 3.31 (s, 

3H, OCH3), 3.34 (d, J = 3.6 Hz, 1H, NCHaHb), 3.53 (dd, 2J = 14.4 Hz, 3J = 4.8 Hz, 1H, 

NCHaHb), 4.52 (t, 1H, J = 5.2 Hz, CH), 4.90 (s, 1H, CH), 7.38-7.45 (m, 3H, Ar), 7.51 (t, J = 

7.2 Hz, 2H, Ar), 10.02 (s, 1H, NH, D2O exch.); 13C NMR (100 MHz, DMSO-d6): δ 12.4, 28.0, 

43.2, 53.3, 53.4, 67.2, 79.7, 100.2, 126.6, 128.2, 128.9, 131.8, 144.4, 152.8, 155.2, 168.7 ; 

HRMS (ESI) calcd. for C20H29N4O6 [M + H+]: 421.2082; found: 421.2075. 

 

Ethyl 2-(1-(3-(2,2-dimethoxyethyl)-2,5-dioxo-1-

phenylimidazolidin-4-yl)ethylidene)hydrazinecarboxylate (4r):  

reaction time: 30 h; yield 45% (176.6 mg); white powder from 

Et2O/light petroleum ether; m.p 125-126 °C; 1H NMR (400 MHz, 

DMSO-d6): δ 1.24 (t, J = 7.2 Hz, 3H, OCH2CH3), 1.82 (s, 3H, CH3 ), 3.26 (s, 3H, OCH3
 ), 3.29 

(s, 3H, OCH3 ), 3.33 (d, J = 6.0 Hz, 1H, NCHaHb), 3.48 (dd, 2J = 14.8 Hz, 3J = 5.2 Hz, 1H, 

NCHaHb), 4.16 (q, J = 7.2 Hz, 2H, OCH2CH3), 4.50 (t, J = 5.2 Hz, 1H, CH), 4.90 (s, 1H, CH), 

7.37-7.44 (m, 3H, Ar), 7.50 (t, J = 7.2 Hz, 2H, Ar), 10.29 (s, 1H, NH, D2O exch.); 13C NMR 

(100 MHz, DMSO-d6): δ 12.3, 14.5, 43.3, 53.3, 53.4, 60.7, 67.3, 101.1, 128.6, 128.2, 128.9, 

131.7, 145.1, 153.9, 155.3, 168.7; HRMS (ESI) calcd. for C18H25N4O6 [M +H+]: 393.1769; 

found: 393.1781.  



 

S12 

tert-Butyl (6-ethoxy-8-methyl-1-oxo-2-phenyl-3-thioxo-2,3,5,6-

tetrahydroimidazo[1,5-a]pyrazin-7(1H)-yl)carbamate (5a):  

reaction time: 0.5 h; yield 73%, (305.5 mg); light yellow powder from 

EtOAc/cyclohexane; m.p 174-175 °C; 1H NMR (400 MHz, DMSO-

d6): δ 1.14 (t, J = 7.2 Hz, 3H, OCH2CH3
 ), 1.43 and 1.45 (2 s, 9H, But), 2.25 (s, 3H, CH3 ), 3.57-

3.67 (m, 2H, OCHaHbCH3 and NCHaHb), 3.72-3.80 (m, 1H, OCHaHbCH3), 4.50 (d, J = 13.2 

Hz, 1H, NCHaHb), 5.04 (brs, 1H, CH), 7.33 (d, J = 6.8 Hz, 2H, Ar), 7.41-7.51 (m, 3H, Ar), 9.83 

and 10.17 (2 brs, 1H, NH, D2O exch.); 13C NMR (100 MHz, DMSO-d6): δ 11.4, 14.9, 27.9, 

45.8, 63.7, 80.8, 86.9, 105.6, 128.3, 128.6, 128.7, 139.3, 154.9, 160.4, 168.8; HRMS (ESI) 

calcd. for C20H27N4O4S [M + H+]: 419.1748; found: 419.1747. 

 

1-(6-Ethoxy-8-methyl-1-oxo-2-phenyl-3-thioxo-2,3,5,6-

tetrahydroimi-dazo[1,5-a]pyrazin-7(1H)-yl)-3-phenylurea (5b):  

reaction time: 1.5 h; yield 61%, (266.9 mg); light yellow powder 

from EtOAc/cyclohexane; m.p. 152-153 °C; 1H NMR (400 MHz, DMSO-d6): δ 1.18 (t, J = 7.2 

Hz, 3H, OCH2CH3
 ), 2.34 (s, 3H, CH3 ), 3.67-3.90 (m, 3H, OCH2CH3

  and NCHaHb), 4.50 (d, J 

= 12.8 Hz, 1H, NCHaHb), 5.11 (t, J = 2.4 Hz, 1H, CH), 7.01 (t, J = 7.2 Hz, 1H, Ar), 7.27-7.34 

(m, 4H, Ar), 7.42-7.52 (m, 5H, Ar), 8.90 (s, 1H, NH, D2O exch.), 9.26 (brs, 1H, NH, D2O 

exch.); 13C NMR (100 MHz, DMSO-d6): δ 11.6, 15.1, 45.7, 64.3, 86.9, 105.9, 119.2, 122.5, 

128.4, 128.6, 128.7, 133.9, 139.0, 140.8, 154.5, 160.4, 168.6; HRMS (ESI) calcd. for 

C22H24N5O3S [M +H+]:438.1594; found: 438.1607. 

 

1-(6-Ethoxy-2-(4-methoxyphenyl)-8-methyl-1-oxo-3-thioxo-

2,3,5,6-tetrahydroimidazo[1,5-a]pyrazin- 

7(1H)-yl)-3-phenylurea (5c):  

reaction time: 2.5 h; yield 57%, (266.5 mg); dark yellow powder from EtOAc/cyclohexane; 

m.p. 158-159 °C; 1H NMR (400 MHz, DMSO-d6): δ 1.17 (t, J = 6.8 Hz, 3H, OCH2CH3
 ), 2.33 

(s, 3H, CH3 ), 3.64-3.71 (m, 1H, OCHaHbCH3), 3.78-3.88 (m, 5H, OCH3, OCHaHbCH3 and 

NCHaHb), 4.48 (d, J = 13.2 Hz, 1H, NCHaHb), 5.10 (brs, 1H, CH), 6.99-7.04 (m, 3H, Ar), 7.22 

(d, J = 8.8 Hz, 2H, Ar), 7.28 (t, J = 8.4 Hz, 2H, Ar), 7.48 (d, J = 8.0 Hz, 2H, Ar), 8.91 (s, 1H, 

NH, D2O exch.), 9.27 (brs, 1H, NH, D2O exch.); 13C NMR (100 MHz, DMSO-d6): δ 11.6, 15.1, 

45.7, 52.3, 64.3, 86.9, 105.9, 113.9, 119.2, 122.5, 126.5, 128.6, 129.8 139.0, 140.5, 154.5, 

159.0, 160.7, 169.0; HRMS (ESI) calcd. for C23H26N5O4S [M +H+]: 468.1700; found:468.1716. 

  



 

S13 

1-(6-Ethoxy-2,8-dimethyl-1-oxo-3-thioxo-2,3,5,6-

tetrahydroimidazo[1,5-a]pyrazin-7(1H)-yl)-3-phenylurea (5d):  

reaction time: 4 h; yield 54%, (202.7 mg); yellow powder from 

EtOAc/cyclohexane; m.p. 194-195 °C; 1H NMR (400 MHz, DMSO-d6): δ 1.14 (t, J = 7.2 Hz, 

3H, OCH2CH3
 ), 2.31 (s, 3H, CH3 ), 3.16 (s, 3H, CH3), 3.59-3.67 (m, 1H, OCHaHbCH3), 3.72-

3.80 (m, 2H, OCHaHbCH3 and NCHaHb), 4.41 (d, J = 12.8 Hz, 1H, NCHaHb), 5.04 (t, J = 2.4 

Hz, 1H, CH), 6.99 (t, J = 7.6 Hz, 1H, Ar), 7.27 (t, J = 7.6 Hz, 2H, Ar), 7.46 (d, J = 7.6 Hz, 2H, 

Ar), 8.86 (s, 1H, NH, D2O exch.), 9.19 (brs, 1H, NH, D2O exch.); 13C NMR (100 MHz, DMSO-

d6): δ 11.6, 15.0, 27.3, 45.4, 64.1, 86.8, 106.0, 119.1, 122.5, 128.6, 139.0, 140.2, 154.5, 160.8, 

168.9; HRMS (ESI) calcd. for C17H22N5O3S [M + H+]: 376.1438; found: 376.1447. 

 

2-(2-(3-Bromophenyl)-6-ethoxy-8-methyl-1-oxo-3-thioxo-

2,3,5,6-tetrahydroimidazo[1,5-a]pyrazin-7(1H)-yl)-N-

phenylacetamide (5e):  

reaction time: 4 h; yield 58%, (299.5 mg); white powder from EtOAc/cyclohexane; m.p. 119-

120 °C; 1H NMR (400 MHz, DMSO-d6): δ 1.18 (t, J = 6.8 Hz, 3H, OCH2CH3
 ), 2.34 (s, 3H, 

CH3 ), 3.65-3.72 (m, 1H, OCHaHbCH3), 3.78-3.88 (m, 2H, OCHaHbCH3 and NCHaHb), 4.49 (d, 

J = 12.8 Hz, 1H, NCHaHb), 5.11 (brs, 1H, CH), 7.01 (t, J = 7.2 Hz, 1H, Ar), 7.29 (t, J = 7.6 Hz, 

2H, Ar), 7.39 (d, J = 8.0 Hz, 1H, Ar), 7.47 (t, J = 8.0 Hz, 3H, Ar), 7.62 (s, 1H, Ar), 7.65 (d, J = 

8.0 Hz, 1H, Ar), 8.91 (s, 1H, NH, D2O exch.), 9.27 (brs, 1H, NH, D2O exch.); 13C NMR (100 

MHz, DMSO-d6): δ 11.7, 15.1, 45.7, 64.3, 86.9, 105.6, 119.1, 120.9, 122.5, 128.0, 128.6, 130.5, 

131.3, 131.4, 135.3, 139.0, 141.2, 154.4, 160.1, 168.1; HRMS (ESI) calcd. for C22H23BrN5O3S 

[M + H+]: 516.0699; found: 516.0712. 

 

tert-Butyl (2-(3-bromophenyl)-6-ethoxy-8-methyl-1-oxo-3-thioxo-

2,3,5,6-tetrahydroimidazo[1,5-a]pyrazin-7(1H)-yl)carbamate (5f)[4]:  

reaction time: 2.5 h; yield 82%, (407.9 mg); white powder from 

EtOAc/cyclohexane; m.p. 180-181 °C; 1H NMR (400 MHz, DMSO-d6): δ 1.14 (t, J = 7.2 Hz, 

3H, OCH2CH3
 ), 1.45 (s, 9H, But), 2.25 (s, 3H, CH3 ), 3.59-3.67 (m, 2H, OCHaHbCH3 and 

NCHaHb ), 3.72-3.79 (m, 1H, OCHaHbCH3), 4.49 (d, J = 13.2 Hz, 1H, NCHaHb), 5.04 (brs, 1H, 

CH), 7.39 (d, J = 8.0 Hz, 1H, Ar), 7.46 (t, J = 8.0 Hz, 1H, Ar), 7.62-7.65 (m, 2H, Ar), 9.82 and 

10.15 (2 brs, 1H, NH, D2O exch.); 13C NMR (100 MHz, DMSO-d6): δ 11.5, 14.9, 27.9, 45.9, 

63.8, 81.9, 86.9, 105.5, 120.9, 128.0, 130.5, 131.3, 131.5, 135.3, 139.8, 155.0, 160.1, 168.4;  

HRMS (ESI) calcd. for C20H26BrN4O4S [M + H+]: 497.0853; C; found: 497.0841.  



 

S14 

1-(6-Ethoxy-2-(4-chlorophenyl)-8-methyl-1-oxo-3-thioxo-

2,3,5,6-tetrahydroimidazo[1,5-a]pyrazin-7(1H)-yl)urea (5g):  

reaction time: 3.5 h; yield 51.0%, (201.9 mg); light yellow powder 

from EtOAc/cyclohexane; m.p. 188-189 °C; 1H NMR (400 MHz, DMSO-d6): δ 1.15 (t, J = 7.2 

Hz, 3H, OCH2CH3
 ), 2.28 (s, 3H, CH3 ), 3.60-3.68 (m, 1H, OCHaHbCH3), 3.74-3.82 (m, 1H, 

OCHaHbCH3), 3.86 (d, J = 12.0 Hz, 1H, NCHaHb), 4.44 (d, J = 13.2 Hz, 1H, NCHaHb), 5.00 

(brs, 1H, CH), 6.33 (brs, 2H, NH2, D2O exch.), 7.37 (d, J = 8.8 Hz, 2H, Ar), 7.56 (d, J = 8.8 

Hz, 2H, Ar), 9.00 (brs, 1H, NH, D2O exch.); 13C NMR (100 MHz, DMSO-d6): δ 11.6, 15.1, 

45.9, 64.4, 86.8, 105.4, 128.8, 130.5, 132.7, 132.9, 141.4, 157.7, 160.1, 167.9; HRMS (ESI) 

calcd. for C16H19ClN5O3S [M + H+]: 396.0892; found: 396.0905. 

 

6-Ethoxy-8-methyl-7-((4-nitrophenyl)amino)-2-phenyl-3-thioxo-

2,3,6,7-tetrahydroimidazo[1,5-a]pyrazin-1(5H)-one (5h):  

reaction time: 3.0 h; 62 %, (272.5 mg); dark orange powder from 

EtOAc/light petroleum ether; m.p 184-187 °C dec.; 1H NMR (400 MHz, , 

DMSO-d6): δ 1.19 (t, J = 6.8 Hz, 3H, OCH2CH3
 ), 2.27 (s, 3H, CH3 ), 3.65-3.73 (m, 1H, 

OCHaHbCH3), 3.77-3.85 (m, 1H, OCHaHbCH3), 4.05 (d, J = 14.4 Hz, 1H, NCHaHb), 4.61 (d, J 

= 13.6 Hz, 1H, NCHaHb), 5.10 (s, 1H, CH), 6.97 (d, J = 9.2 Hz, 2H, Ar), 7.33 (d, J = 7.2 Hz, 

2H, Ar), 7.44 (t, J = 7.2 Hz, 1H, Ar), 7.51 (t, J = 7.6 Hz, 2H, Ar), 8.13 (d, J = 8.8 Hz, 2H, Ar), 

9.82 (s, 1H, NH, D2O exch.); 13C NMR (100 MHz, DMSO-d6): δ 11.3, 15.1, 45.8, 64.4, 85.1, 

106.2, 110.9, 126.2, 128.4, 128.6, 128.7, 133.8, 139.3, 140.1, 152.7, 160.3, 168.8; HRMS (ESI) 

calcd. for C21H22N5O4S [M + H+]: 440.1387; found: 440.1398. 

 

Ethyl (6-methoxy-8-methyl-1-oxo-2-phenyl-3-thioxo-2,3,5,6-

tetrahydroimidazo[1,5-a]pyrazin-7(1H)-yl)carbamate (5i):  

reaction time: 0.5 h; yield 62%, (233.4 mg); orange powder from 

EtOAc/cyclohexane; m.p  144-145 °C; 1H NMR (400 MHz, , DMSO-

d6): δ 1.24 (t, J = 6.8 Hz, 3H, OCH2CH3
 ), 2.27 (s, 3H, CH3 ), 3.41 (s, 3H, OCH3 ), 3.61 (d, J = 

12.4 Hz, 1H, NCHaHb), 4.15 (q, J = 7.2 Hz, 2H, OCH2CH3), 4.58 (d, J = 12.8 Hz, 1H, NCHaHb), 

5.00 (brs, 1H, CH), 7.33 (d, J = 8.4 Hz, 2H, Ar), 7.41-7.51 (m, 3H, Ar), 10.42 (brs, 1H, NH, 

D2O exch.); 13C NMR (100 MHz, DMSO-d6): δ 11.4, 14.3, 45.4, 55.7, 61.5, 88.4, 105.8, 128.3, 

128.6, 128.7, 133.8, 138.8, 155.9, 160.4, 169.1; HRMS (ESI) calcd. for C17H21N4O4S [M + H+]: 

377.1278; found: 377.1294. 

  



 

S15 

tert-Butyl (6-methoxy-8-methyl-1-oxo-2-phenyl-3-thioxo-2,3,5,6- 

tetrahydroimidazo[1,5-a]pyrazin-7(1H)-yl)carbamate (5j)[4]: 

 reaction time: 0.5 h; yield 67%, (271.0 mg); yellow powder from 

EtOAc/Et2O; m.p. 187-188 °C; 1H NMR (400 MHz, DMSO-d6): δ 

1.46 (s, 9H, But), 2.26 (s, 3H, CH3 ), 3.40 (s, 3H, OCH3), 3.61 (d, J = 12.0 Hz, 1H, NCHaHb), 

4.56 (d, J = 13.2 Hz, 1H, NCHaHb), 4.96 (brs, 1H, CH), 7.32 (d, J = 8.4 Hz, 2H, Ar), 7.40-7.51 

(m, 3H, Ar), 9.85 and 10.20 (2 brs, 1H, NH, D2O exch.); 13C NMR (100 MHz, DMSO-d6): δ 

11.4, 27.9, 45.5, 55.7, 80.9, 88.6, 105.8, 128.3, 128.6, 128.7, 133.8, 138.9, 155.0, 160.4, 169.0; 

HRMS (ESI) calcd. for C19H25N4O4S [M + H+]: 405.1591; found: 405.1607. 

 

Methyl (6-methoxy-8-methyl-1-oxo-2-phenyl-3-thioxo-2,3,5,6-

tetrahydroimidazo[1,5-a]pyrazin-7(1H)-yl)carbamate (5k)[4]:  

reaction time: 1.5 h; yield 79%, (286.3 mg); yellow powder from 

EtOAc/cyclohexane; m.p 165-166 °C; 1H NMR (400 MHz, , DMSO-d6): δ 2.27 (s, 3H, CH3 ), 

3.41 (s, 3H, OCH3 ), 3.62 (d, J = 13.2 Hz, 1H, NCHaHb), 3.70 (s, 3H, OCH3), 4.58 (d, J = 13.2 

Hz, 1H, NCHaHb), 5.01 (brs, 1H, CH), 7.32 (d, J = 7.2 Hz, 2H, Ar), 7.41-7.51 (m, 3H, Ar), 

10.15 and 10.45 (2 brs, 1H, NH, D2O exch.); 13C NMR (100 MHz, DMSO-d6): δ 11.6, 45.4, 

52.8, 55.8, 88.6 105.8, 128.4, 128.7, 128.8, 133.8, 139.1, 156.6, 160.4, 169.1; HRMS (ESI) 

calcd. for C16H19N4O4S [M + H+]: 363.1122; found: 363.1106. 

 

Ethyl (6-methoxy-2-(4-methoxyphenyl)-8-methyl-1-oxo-3-thioxo-

2,3,5,6-tetrahydroimidazo[1,5-a]pyrazin-7(1H)-yl)carbamate (5l)[4]:  

reaction time: 2.5 h; yield 81.0%, (329.2 mg); pale yellow powder from 

EtOAc/cyclohexane; m.p 154-155 °C; 1H NMR (400 MHz, , DMSO-

d6): δ 1.23 (t, J = 6.8 Hz, 3H, OCH2CH3
 ), 2.26 (s, 3H, CH3 ), 3.40 (s, 3H, OCH3

 ), 3.60 (d, J = 

12.0 Hz, 1H, NCHaHb), 3.80 (s, 3H, OCH3) 4.14 (q, J = 7.2 Hz, 3H, OCH2CH3), 4.57 (d, J = 

12.8 Hz, 1H, NCHaHb), 4.99 (brs, 1H, CH), 7.01 (d, J = 9.2 Hz, 2H, Ar), 7.22 (d, J = 8.8 Hz, 

2H, Ar), 10.40 (brs, 1H, NH, D2O exch.); 13C NMR (100 MHz, DMSO-d6): δ 11.4, 14.4, 45.4, 

55.3, 55.7, 61.6, 88.4, 105.9, 113.9, 126.4, 129.8, 138.6, 155.9, 159.0, 160.6, 169.5; HRMS 

(ESI) calcd. for C18H23N4O5S [M + H+]: 407.1384; found: 407.1397. 

  



 

S16 

tert-Butyl (2-(4-chlorophenyl)-6-methoxy-8-methyl-1-oxo-3-

thioxo-2,3,5,6-tetrahydroimidazo[1,5-a]pyrazin- 

7(1H)-yl)carbamate (5m)[4]:  

reaction time: 1 h; yield 70%, (307.2 mg); yellow powder from 

EtOAc/Et2O m.p. 184-188 °C dec.; 1H NMR (400 MHz, DMSO-d6): δ 1.39 and 1.45 (2 s, 9H, 

But), 2.26 (s, 3H, CH3 ), 3.40 (s, 3H, OCH3), 3.62 (d, J = 12.8 Hz, 1H, NCHaHb), 4.57 (d, J = 

12.8 Hz, 1H, NCHaHb), 4.96 (s, 1H, CH), 7.39 (d, J = 8.8 Hz, 2H, Ar), 7.55 (d, J = 8.8 Hz, 2H, 

Ar), 9.87 and 10.20 (2 brs, 1H, NH, D2O exch.); 13C NMR (100 MHz, DMSO-d6): δ 11.5, 27.9, 

45.5, 55.7, 80.9, 88.6, 105.7, 128.7, 130.5, 132.7, 132.9, 139.3, 155.0, 160.2, 168.6; HRMS 

(ESI) calcd. for C19H24ClN4O4S [M + H+]: 439.1201; found: 439.1211. 

 

tert-Butyl (6-methoxy-8-methyl-2-(4-nitrophenyl)-1-oxo-3-

thioxo-2,3,5,6-tetrahydroimidazo[1,5-a]pyrazin- 

7(1H)-yl)carbamate (5n)[4]:  

reaction time: 3 h; yield 75%, (337.1 mg); orange powder from 

DCM/light petroleum ether; m.p. 190-193 °C dec.; 1H NMR (400 MHz, DMSO-d6): δ 1.40 and 

1.46 (s, 9H, But), 2.27 (s, 3H, CH3 ), 3.41 (s, 3H, OCH3), 3.64 (d, J = 14.4 Hz, 1H, NCHaHb), 

4.58 (d, J = 12.8 Hz, 1H, NCHaHb), 4.98 (s, 1H, CH), 7.72 (d, J = 9.2 Hz, 2H, Ar), 8.34 (d, J = 

9.2 Hz, 2H, Ar), 9.90 and 10.24 (2 brs, 1H, NH, D2O exch.); 13C NMR (100 MHz, DMSO-d6): 

δ 11.5, 26.3, 27.9, 45.5, 55.8, 81.0, 88.5, 105.5, 123.8, 129.9, 139.4, 139.9, 146.7, 154.9, 159.8, 

167.8; HRMS (ESI) calcd. for C19H25N5O6S [M + H+]: 450.1442; found: 450.1445. 

 

tert-Butyl (6-ethoxy-8-methyl-1,3-dioxo-2-phenyl-2,3,5,6-

tetrahydroimidazo[1,5-a]pyrazin- 

7(1H)-yl)carbamate (5o)[4]: 

 reaction time: 3.5 h; yield 59%, (237.4 mg); orange powder from 

EtOAc/DCM/Et2O; m.p. 114-115 °C; 1H NMR (400 MHz, DMSO-d6): δ 1.14 (t, J = 7.2 Hz, 

3H, OCH2CH3
 ), 1.44 (s, 9H, But), 2.21 (s, 3H, CH3 ), 3.47 (d, J = 11.2 Hz, 1H, NCHaHb), 3.54-

3.61 (m, 1H, OCHaHbCH3), 3.71-3.78 (m, 1H, OCHaHbCH3), 4.02 (d, J = 12.0 Hz, 1H, 

NCHaHb), 4.89 (brs, 1H, CH), 7.35-7.39 (m, 3H, Ar), 7.47 (t, J = 8.4 Hz, 2H, Ar) 9.59 and 9.94 

(2 brs, 1H, NH, D2O exch.); 13C NMR (100 MHz, DMSO-d6): δ 11.7 14.9, 27.9, 42.3, 63.2, 

80.4, 87.2, 104.3, 126.7, 127.4, 128.6, 132.4, 135.4, 149.9, 155.2, 159.9; HRMS (ESI) calcd. 

for C20H27N4O5 [M + H+]: 403.1976; found: 403.1990 . 

  



 

S17 

tert-Butyl (2-(4-chlorophenyl)-6-ethoxy-8-methyl-1,3-dioxo-

2,3,5,6-tetrahydroimidazo[1,5-a]pyrazin- 

7(1H)-yl)carbamate (5p)[4]:  

reaction time: 2.5 h; yield 67%, (292.7 mg); yellow powder from 

EtOAc/cyclohexane; m.p. 139-140 °C; 1H NMR (400 MHz, DMSO-d6): δ 1.14 (t, J = 6.8 Hz, 

3H, OCH2CH3
 ), 1.45 (s, 9H, But), 2.21 (s, 3H, CH3 ), 3.47 (d, J = 11.2 Hz, 1H, NCHaHb), 3.54-

3.61 (m, 1H, OCHaHbCH3), 3.70-3.78 (m, 1H, OCHaHbCH3), 4.01 (d, J = 11.6 Hz, 1H, 

NCHaHb), 4.89 (brs, 1H, CH), 7.45 (d, J = 8.8 Hz, 2H, Ar), 7.54 (d, J = 8.4 Hz, 2H, Ar), 9.61 

and 9.96 (2 brs, 1H, NH, D2O exch.); 13C NMR (100 MHz, DMSO-d6): δ 11.7 14.9, 27.9, 42.3, 

63.2, 80.5, 87.2, 104.1, 128.3, 128.7, 131.3, 131.8, 135.7, 149.7, 155.2, 159.7; HRMS (ESI) 

calcd. for C20H26ClN4O5 [M + H +]: 437.1586; found: 437.1591. 

 

tert-Butyl (6-methoxy-8-methyl-1,3-dioxo-2-phenyl-2,3,5,6-

tetrahydroimidazo[1,5-a]pyrazin- 

7(1H)-yl)carbamate (5q)[4]:  

reaction time: 1.5 h; yield 62%, (240.8 mg); yellow powder from 

DCM/light petroleum ether; m.p. 139-140 °C; 1H NMR (400 MHz, DMSO-d6): δ 1.44 (s, 9H, 

But), 2.21 (s, 3H, CH3 ), 3.37 (s, 3H, OCH3), 3.43 (d, J = 12.0 Hz, 1H, NCHaHb), 4.05 (d, J = 

12.0 Hz, 1H, NCHaHb), 4.80 (s, 1H, CH), 7.36-7.39 (m, 3H, Ar), 7.47 (t, J = 7.6 Hz, 2H, Ar) 

9.63 and 9.98 (2 brs, 1H, NH, D2O exch.); 13C NMR (100 MHz, DMSO-d6): δ 11.7, 28.0, 42.0, 

55.3, 80.6, 88.7, 104.4, 126.8, 127.6, 128.7, 132.3, 135.1, 149.9, 155.3, 160.0; HRMS (ESI) 

calcd. for C19H25N4O5 [M + H+]: 389.1819; found: 389.1822. 

 

Ethyl (6-methoxy-8-methyl-1,3-dioxo-2-phenyl-2,3,5,6-

tetrahydroimidazo[1,5-a]pyrazin- 

7(1H)-yl)carbamate (5r)[4]:  

reaction time: 2 h; yield 42%, (151.3 mg); white powder from 

EtOAc/Et2O; m.p. 158-160 °C; 1H NMR (400 MHz, DMSO-d6): δ 1.23 (t, J = 8.0 Hz, 3H, 

OCH2CH3), 2.23 (s, 3H, CH3 ), 3.38 (s, 3H, OCH3), 3.44 (d, J = 11.6 Hz, 1H, NCHaHb), 4.11-

4.13 (m, 3H, NCHaHb and OCH2CH3), 4.85 (brs, 1H, CH), 7.36-7.39 (m, 3H, Ar), 7.47 (t, J = 

7.6 Hz, 3H, 2H, Ar) 9.88 and 10.20 (2 brs, 1H, NH, D2O exch.); 13C NMR (100 MHz, DMSO-

d6): δ 11.7, 14.4, 41.9, 55.3, 61.3, 88.6, 104.5, 126.8, 127.5, 128.7, 132.3, 134.8, 149.9, 156.2, 

160.0; HRMS (ESI) calcd. for C17H21N4O5 [M + H+]: 361.1506; found: 361.1491. 

  



 

S18 

tert-Butyl (6-hydroxy-8-methyl-1-oxo-2-phenyl-3-thioxo-2,3,5,6-

tetrahydroimidazo[1,5-a]pyrazin-7(1H)-yl)carbamate (6a):  

reaction time: 0.5 h; yield 8%, (31.2 mg) from 4a; reaction time: 0.5 

h; yield 6%, (23.4 mg) from 5j; ocher powder from EtOAc/Et2O; m.p. 

168-169 °C; 1H NMR (400 MHz, DMSO-d6): δ 1.45 (s, 9H, But), 2.25 (s, 3H, CH3), 3.86 (d, J 

= 12.8 Hz, 1H, NCHaHb), 4.25 (d, J = 12.0 Hz, 1H, NCHaHb), 5.09 (t, J = 3.2 Hz,, 1H, CH), 

7.02 (brs, 1H, OH, D2O exch.) 7.31 (d, J = 7.6 Hz, 2H, Ar), 7.42 (t, J = 7.2 Hz, 1H, Ar), 7.49 

(t, J = 7.2 Hz, 2H, Ar), 9.80 (brs, 1H, NH, D2O exch.); 13C NMR (100 MHz, DMSO-d6): δ 11.4, 

27.9, 47.5, 80.5, 104.9, 128.2, 128.6, 128.7,134.1 140.8, 154.7, 160.3, 168.2; HRMS (ESI) 

calcd. for C18H23N4O4S [M + H+]: 391.1435; found: 391.1422. 

 

1-(6-Hydroxy-8-methyl-1-oxo-2-phenyl-3-thioxo-2,3,5,6-

tetrahydro-imidazo[1,5-a]pyrazin-7(1H)-yl)-3-phenylurea (6b): 

reaction time: 1.5 h; yield 25%, (102.3 mg); orange powder from 

EtOAc/light petroleun ether; m.p. 149-150 °C; 1H NMR (400 MHz, DMSO-d6): δ 2.34 (s, 3H, 

CH3 ), 4.07 (d, J = 14.4 Hz, 1H, NCHaHb), 4.27 (d, J = 12.0 Hz, 1H, NCHaHb), 5.17 (t, J = 2.8 

0 Hz, 1H, CH), 7.01 (t, J = 7.2 Hz, 1H, Ar), 7.07 (brs, 1H, OH, D2O exch.), 7.27-7.33 (m, 4H, 

Ar), 7.43 (t, J = 7.2 Hz, 1H, Ar), 7.49-7.52 (m, 4H, Ar), 8.88 (brs, 1H, NH, D2O exch.), 8.94 

(brs, 1H, NH, D2O exch.); 13C NMR (100 MHz, DMSO-d6): δ 11.7, 47.5, 79.5, 105.6, 119.2, 

122.5, 128.3, 128.6, 128.7, 134.0, 139.0, 141.6, 154.5, 160.4, 168.1; HRMS (ESI) calcd. for 

C20H20N5O3S [M + H+]: 410.1281; found: 410.1271. 

 

1-(6-Hydroxy-2-(4-methoxyphenyl)-8-methyl-1-oxo-3-

thioxo-2,3,5,6-tetrahydroimidazo[1,5-a]pyrazin- 

7(1H)-yl)-3-phenylurea (6c):  

reaction time: 2.5 h; yield 11%, (48.3 mg); light yellow powder from EtOAc/Et2O; m.p. 159-

160°C; 1H NMR (400 MHz, DMSO-d6): δ 2.32 (s, 3H, CH3 ), 3.80 (s, 3H, OCH3), 4.05 (d, J = 

12.0 Hz, 1H, NCHaHb), 4.24 (d, J = 12.8 Hz, 1H, NCHaHb), 5.15 (t, J = 2.8 Hz, 1H, CH), 6.98-

7.05 (m, 3H, Ar and OH), 7.21 (d, J = 9.2 Hz, 2H, Ar), 7.28 (t, J = 7.2 Hz, 2H, Ar), 7.50 (d, J 

= 7.6 Hz, 2H, Ar), 8.87 (brs, 1H, NH, D2O exch.), 8.93 (brs, 1H, NH, D2O exch.); 13C NMR 

(100 MHz, DMSO-d6): δ 11.7, 47.5, 55.4, 79.5, 105.6, 113.9, 119.2, 122.5, 126.6, 128.6, 129.8 

139.1, 141.4, 154.3, 158.9, 160.7, 168.5; HRMS (ESI) calcd. for C21H22N5O4S [M + H+]: 

440.1387; found: 440.1379. 

  



 

S19 

1-(6-Hydroxy-2,8-dimethyl-1-oxo-3-thioxo-2,3,5,6-

tetrahydroimidazo[1,5-a]pyrazin- 

7(1H)-yl)-3-phenylurea (6d):  

reaction time: 4 h; yield 22%, (76.4 mg); beige powder from EtOAc/cyclohexane; m.p. 188-

192 °C dec.; 1H NMR (400 MHz, DMSO-d6): δ 2.30 (s, 3H, CH3 ), 3.17 (s, 3H, CH3), 3.97 (d, 

J = 11.2 Hz, 1H, NCHaHb), 4.17 (d, J = 12.8 Hz, 1H, NCHaHb), 5.08-5.11 (m, 1H, CH), 6.94 

(brs, 1H, OH, D2O exch.), 6.99 (t, J = 7.2 Hz, 1H, Ar), 7.27 (t, J = 7.6 Hz, 2H, Ar), 7.48 (d, J 

= 7.6 Hz, 2H, Ar), 8.78 (s, 1H, NH, D2O exch.), 8.89 (brs, 1H, NH, D2O exch.); 13C NMR (100 

MHz, DMSO-d6): δ 11.6, 27.3, 47.3, 79.5, 105.8, 119.1, 122.4, 128.6, 139.0, 141.0, 154.6, 

160.8, 168.5; HRMS (ESI) calcd. for C15H18N5O3S [M + H+]: 348.1125; found: 348.1134. 

 

1-(2-(3-Bromophenyl)-6-hydroxy-8-methyl-1-oxo-3-thioxo-2,3,5,6-

tetrahydroimidazo[1,5-a]pyrazin- 

7(1H)-yl)-3-phenylurea (6e): 

reaction time: 4 h; yield 16%, (78.1 mg); white powder from EtOAc/light petroleun ether; m.p. 

217-218 °C; 1H NMR (400 MHz, DMSO-d6): δ 2.33 (s, 3H, CH3 ), 4.05 (d, J = 14.0 Hz, 1H, 

NCHaHb), 4.24 (d, J = 12.0 Hz, 1H, NCHaHb), 5.17 (t, J = 2.8 Hz 1H, CH), 7.00 (t, J = 7.2 Hz, 

1H, Ar), 7.06 (brs, 1H, OH, D2O exch.), 7.28 (t, J = 7.6 Hz, 2H, Ar), 7.37 (d, J = 8.0 Hz, 1H, 

Ar), 7.46-7.50 (m, 3H, Ar), 7.58 (s, 1H, Ar), 7.65 (d, J = 8.4 Hz, 1H, Ar), 8.88 (brs, 1H, NH, 

D2O exch.), 8.95 (brs, 1H, NH, D2O exch.); 13C NMR (100 MHz, DMSO-d6): δ 11.6, 47.4, 79.5, 

105.4, 119.1, 120.9, 122.5, 128.0, 128.6, 130.6, 131.3, 131.4, 135.4, 138.9, 142.0, 154.4, 160.1, 

167.6; HRMS (ESI) calcd. for C20H19BrN5O3S [M + H+]: 488.0386; found: 488.0398. 

 

tert-Butyl (2-(3-bromophenyl)-6-hydroxy-8-methyl-1-oxo-3-

thioxo-2,3,5,6-tetrahydroimidazo[1,5-a]pyrazin- 

7(1H)-yl)carbamate (6f): 

reaction time: 2.5 h; yield 12%, (56.3 mg); yellow powder from 

DCM/light petroleum ether; m.p. 128-129 °C; 1H NMR (400 MHz, DMSO-d6): δ 1.45 (s, 9H, 

But), 2.26 (s, 3H, CH3 ), 3.87 (d, J = 12.8 Hz, 1H, NCHaHb), 4.25 (d, J = 12.4 Hz, 1H, NCHaHb), 

5.10 (t, J = 3.2 Hz, 1H, CH), 7.02 (brs, 1H, OH, D2O exch.) 7.38 (d, J = 8.0 Hz, 1H, Ar), 7.47 

(t, J = 8.0 Hz, 1H, Ar), 7.59 (s, 1H, Ar), 7.65 (d, J = 8.0 Hz, 1H, Ar), 9.83 (brs, 1H, NH, D2O 

exch.); 13C NMR (100 MHz, DMSO-d6): δ 11.6, 27.9, 47.4, 79.2, 80.5, 104.8, 120.8, 128.0, 

130.5, 131.2, 131.5, 135.5, 141.1, 154.5, 160.1, 167.7; HRMS (ESI) calcd. for C18H22BrN4O4S 

[M + H+]: 469.0540; found: 469.0527.  



 

S20 

1-(2-(4-Chlorophenyl)-6-hydroxy-8-methyl-1-oxo-3-thioxo-2,3,5,6-

tetrahydroimidazo[1,5-a]pyrazin- 

7(1H)-yl)urea (6g):  

reaction time: 3.5 h; yield 28%, (103.0 mg); light yellow powder from EtOAc/Et2O; m.p. 187-

188 °C; 1H NMR (400 MHz, DMSO-d6): δ 2.28 (s, 3H, CH3 ), 3.97 (d, J = 12.8 Hz, 1H, 

NCHaHb), 4.27 (d, J = 12.4 Hz, 1H, NCHaHb), 5.07 (t, J = 2.4 Hz, 1H, CH), 6.39 (brs, 2H, NH2, 

D2O exch.), 6.96 (brs, 1H, OH, D2O exch), 7.36 (d, J = 8.4 Hz, 2H, Ar), 7.56 (d, J = 8.4 Hz, 

2H, Ar), 8.65 (s, 1H, NH, D2O exch); 13C NMR (100 MHz, DMSO-d6): δ 11.6, 47.5, 79.7, 

105.2, 128.7, 130.5, 132.8, 132.9, 142.1, 157.9, 160.1, 167.5; HRMS (ESI) calcd. for 

C14H15ClN5O3S [M + H+]: 368.0579; found: 368.0565. 

 

6-Hydroxy-8-methyl-7-((4-nitrophenyl)amino)-2-phenyl-3-thioxo-

2,3,6,7-tetrahydroimidazo[1,5-a]pyrazin- 

1(5H)-one (6h):  

reaction time: 3 h; 9%, (39.5 mg); red powder from EtOAc/Et2O; m.p 

184-188 °C dec.; 1H NMR (400 MHz, DMSO-d6): δ 2.27 (s, 3H, CH3 ), 

4.09 (d, J = 11.2 Hz, 1H, NCHaHb), 4.47 (d, J = 13.2 Hz, 1H, NCHaHb), 5.11 (d, J = 6.0 Hz, 

1H, CH), 6.96 (d, J = 8.8 Hz, 2H, Ar), 7.16 (d, J = 6.4 Hz, 1H, OH, D2O exch.), 7.32 (d, J = 

8.0 Hz, 2H, Ar), 7.44 (t, J = 7.6 Hz, 1H, Ar), 7.51 (t, J = 7.2 Hz, 2H, Ar), 8.12 (d, J = 9.2 Hz, 

2H, Ar), 9.71 (s, 1H, NH, D2O exch.); 13C NMR (100 MHz, DMSO-d6): δ 11.4, 14.3, 45.4, 55.7, 

61.5, 88.4, 105.8, 128.3, 128.6, 128.7, 133.8, 138.8, 155.9, 160.4, 169.1; HRMS (ESI) calcd. 

for C19H18N5O4S [M + H+]: 412.1074; found: 412.1066. 

 

Ethyl (6-hydroxy-8-methyl-1-oxo-2-phenyl-3-thioxo-2,3,5,6-

tetrahydroimidazo[1,5-a]pyrazin- 

7(1H)-yl)carbamate (6i):  

reaction time: 0.5 h; yield 22.0%, (79.7 mg); orange powder from 

EtOAc/Et2O; m.p 140-141 °C; 1H NMR (400 MHz, DMSO-d6): δ 1.22 (t, J = 7.2 Hz, 3H, 

OCH2CH3), 2.26 (s, 3H, CH3 ), 3.89 (d, J = 12.8 Hz, 1H, NCHaHb), 4.13 (q, J = 7.2 Hz, 2H, 

OCH2CH3), 4.24 (d, J = 13.6 Hz, 1H, NCHaHb), 5.12 (t, J = 3.2 Hz,, 1H, CH), 7.06 (brs, 1H, 

OH, D2O exch.), 7.31 (d, J = 8.0 Hz, 2H, Ar), 7.40-7.51 (m, 3H, Ar), 10.04 (brs, 1H, NH, D2O 

exch.); 13C NMR (100 MHz, DMSO-d6): δ 11.4, 14.4, 47.11, 61.4, 79.01, 105.0, 128.3, 128.6, 

128.7, 133.9, 140.5, 155.7, 160.4, 168.4; HRMS (ESI) calcd. for C16H19N4O4S [M + H+]: 

363.1122; found: 363.1105.  



 

S21 

Methyl (6-hydroxy-8-methyl-1-oxo-2-phenyl-3-thioxo-2,3,5,6-

tetrahydroimidazo[1,5-a]pyrazin- 

7(1H)-yl)carbamate (6j):  

reaction time: 1.5 h; yield 8%, (27.8 mg); yellow powder from EtOAc/Et2O; m.p. 173-174 °C; 

1H NMR (400 MHz, , DMSO-d6): δ 2.26 (s, 3H, CH3), 3.68 (s, 3H, OCH3 ), 3.91 (d, J = 12.0 

Hz, 1H, NCHaHb), 4.24 (d, J = 12.8 Hz, 1H, NCHaHb), 5.11-5.14 (m, 1H, CH), 7.07 (d, J = 5.6 

Hz, 1H, OH, D2O exch.), 7.31 (d, J = 7.2 Hz, 2H, Ar), 7.40-7.51 (m, 3H, Ar), 10.08 (brs, 1H, 

NH, D2O exch.); 13C NMR (100 MHz, DMSO-d6): δ 11.4, 47.4, 52.5, 79.0, 105.0, 128.2, 128.6, 

128.7, 134.0, 140.5, 156.1, 160.4, 168.4; IR (Nujol, ν, cm−1): 3719, 3293, 1749, 1699, 1627; 

HRMS (ESI) calcd. for C15H17N4O4S [M + H+]: 349.0965; found: 349.0978. 

 

Ethyl (6-hydroxy-2-(4-methoxyphenyl)-8-methyl-1-oxo-3-thioxo-

2,3,5,6-tetrahydroimidazo[1,5-a]pyrazin- 

7(1H)-yl)carbamate (6k):  

reaction time: 2.5 h; yield 4.0%, (15.7 mg); orange oil; 1H NMR (400 

MHz, , DMSO-d6): δ 1.22 (t, J = 7.2 Hz, 3H, OCH2CH3
 ), 2.26 (s, 3H, CH3 ), 3.80 (s, 3H, 

OCH3), 3.88 (d, J = 12.0 Hz, 1H, NCHaHb), 4.13 (q, J = 7.2 Hz, 3H, OCH2CH3), 4.23 (d, J = 

12.8 Hz, 1H, NCHaHb), 5.10-5.13 (m, 1H, CH), 7.01-7.04 (m, 3H, Ar and OH, D2O exch.), 7.21 

(d, J = 8.8 Hz, 2H, Ar), 10.02 (brs, 1H, NH, D2O exch.); 13C NMR (100 MHz, DMSO-d6): δ 

11.4, 14.4, 47.5, 55.3, 61.3, 79.0, 105.0, 113.9, 126.6, 129.7, 140.3, 155.6, 158.9, 160.6, 168.8;  

HRMS (ESI) calcd. for C17H21N4O5S [M + H+]: 393.1227; found: 393.1218. 

 

tert-Butyl (2-(4-chlorophenyl)-6-hydroxy-8-methyl-1-oxo-

3-thioxo-2,3,5,6-tetrahydroimidazo[1,5-a]pyrazin- 

7(1H)-yl)carbamate (6l):  

reaction time: 1 h; yield 8%, (34.0 mg); light orange powder 

from EtOAc/Et2O; m.p. 138-141 °C dec.; 1H NMR (400 MHz, DMSO-d6): δ 1.40 and 1.44 (2 

s, 9H, But), 2.25 (s, 3H, CH3 ), 3.86 (d, J = 12.4 Hz, 1H, NCHaHb), 4.25 (d, J = 12.8 Hz, 1H, 

NCHaHb), 5.09 (t, J = 2.8 Hz, 1H, CH), 7.00 (brs, 1H, OH, D2O exch), 7.37 (d, J = 8.8 Hz, 2H, 

Ar), 7.56 (d, J = 8.8 Hz, 2H, Ar), 9.51 and 9.80 (2 brs, 1H, NH, D2O exch.); 13C NMR (100 

MHz, DMSO-d6): δ 11.6, 27.9, 47.7, 79.5, 80.7, 104.9, 128.7, 130.5, 132.8, 132.9, 141.2, 154.7, 

160.1, 167.8; HRMS (ESI) calcd. for C18H22ClN4O4S [M + H+]: 425.1045; found: 425.1058. 

  



 

S22 

tert-Butyl (6-hydroxy-8-methyl-2-(4-nitrophenyl)-1-oxo-3-

thioxo-2,3,5,6-tetrahydroimidazo[1,5-a]pyrazin- 

7(1H)-yl)carbamate (6m):  

reaction time: 3 h; yield 5%, (21.7 mg); orange powder from 

DCM/Et2O; m.p. 179-182 °C dec.; 1H NMR (400 MHz, DMSO-d6): δ 1.45 (s, 9H, But), 2.27 

(s, 3H, CH3 ), 3.88 (d, J = 12.4 Hz, 1H, NCHaHb), 4.28 (d, J = 12.0 Hz, 1H, NCHaHb), 5.09-

5.12 (m, 1H, CH), 7.04 (brs, 1H, OH, D2O exch.), 7.70 (d, J = 9.2 Hz, 2H, Ar), 8.35 (d, J = 8.8 

Hz, 2H, Ar), 9.84 (brs, 1H, NH, D2O exch.); 13C NMR (100 MHz, DMSO-d6): δ 11.5, 27.9, 

47.5, 79.2, 80.6, 104.6, 123.8, 129.8, 139.7, 141.7, 146.7, 154.5, 159.7, 167.1; HRMS (ESI) 

calcd. for C18H22N5O6S [M + H+]: 436.1285; found: 436.1273. 

 

tert-Butyl (6-hydroxy-8-methyl-1,3-dioxo-2-phenyl-3-2,3,5,6-

tetrahydroimidazo[1,5-a]pyrazin- 

7(1H)-yl)carbamate (6n):  

reaction time: 3.5 h; yield 21%, (78.6 mg) from 5o; reaction time: 1.5 

h yield 29%, (108.5 mg) from 5q; light yellow powder from DCM/EtOAc//Et2O; m.p. 140-141 

°C; 1H NMR (400 MHz, DMSO-d6): δ 1.44 (s, 9H, But), 2.21 (s, 3H, CH3), 3.64 (d, J = 11.2 

Hz, 1H, NCHaHb), 3.80 (d, J = 11.6 Hz, 1H, NCHaHb), 4.94-4.97 (m, 1H, CH), 6.71 (brs, 1H, 

OH, D2O exch.) 7.36-7.39 (m, 3H, Ar), 7.47 (t, J = 8.0 Hz, 2H, Ar), 9.55 (brs, 1H, NH, D2O 

exch.); 13C NMR (100 MHz, DMSO-d6): δ 11.6, 28.0, 44.2, 78.9, 80.1, 103.4, 126.7, 127.4, 

128.6, 132.6, 137.0, 150.0, 159.9; HRMS (ESI) calcd. for C18H23N4O5 [M + H+]: 375.1663; 

found: 375.1662. 

 

tert-Butyl (2-(4-chlorophenyl)-6-hydroxy-8-methyl-1,3-

dioxo-2,3,5,6-tetrahydroimidazo[1,5-a]pyrazin- 

7(1H)-yl)carbamate (6o):  

reaction time: 2.5 h; yield 24%, (98.1 mg); light yellow powder 

from EtOAc/Et2O; m.p. 144-145 °C; 1H NMR (400 MHz, DMSO-d6): δ 1.43 (s, 9H, But), 2.21 

(s, 3H, CH3 ), 3.64 (d, J = 11.6 Hz, 1H, NCHaHb), 3.79 (d, J = 12.8 Hz, 1H, NCHaHb), 4.94-

4.97 (m, 1H, CH), 6.71 (brs, 1H, OH, D2O exch.), 7.43 (d, J = 8.8 Hz, 2H, Ar), 7.53 (d, J = 8.8 

Hz, 2H, Ar), 9.55 (brs, 1H, NH, D2O exch.); 13C NMR (100 MHz, DMSO-d6): δ 11.6, 27.9, 

44.2, 78.8, 80.2, 103.2, 128.2, 128.6, 131.5, 131.6, 137.4, 149.6, 154.9, 159.6; HRMS (ESI) 

calcd. for C18H22ClN4O5 [M + H+]: 409.1273; found: 409.1257. 
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Ethyl (6-hydroxy-8-methyl-1,3-dioxo-2-phenyl-2,3,5,6-

tetrahydroimidazo[1,5-a]pyrazin- 

7(1H)-yl)carbamate (6p):  

reaction time: 2 h; yield 35%, (121.2 mg); white powder from 

EtOAc/Et2O; m.p. 170-171°C; 1H NMR (400 MHz, DMSO-d6): δ 1.21 (t, J = 6.8Hz, 3H, 

OCH2CH3), 2.21 (s, 3H, CH3 ), 3.67 (d, J = 11.6 Hz, 1H, NCHaHb), 3.80 (d, J = 11.2 Hz, 1H, 

NCHaHb), 4.11 (q, J = 7.2 Hz, 2H, OCH2CH3), 4.96-4.99 (m, 1H, CH), 6.76 (m, 1H, CH), 7.35-

7.39 (m, 3H, Ar), 7.47 (t, J = 7.6 Hz, 2H, Ar) 9.78 (brs, 1H, NH, D2O exch.); 13C NMR (100 

MHz, DMSO-d6): δ 11.5, 14.4, 41.2, 55.3, 61.0, 78.6, 103.5, 126.7, 127.4, 128.6, 132.6, 136.7, 

149.9, 156.0, 159.9; HRMS (ESI) calcd. for C16H19N4O5 [M + H+]: 347.1350; found: 347.1358. 

 

tert-Butyl (6-(benzyoxy)-8-methyl-1-oxo-2-phenyl-3-thioxo-

2,3,5,6-tetrahydroimidazo[1,5-a]pyrazin- 

7(1H)-yl)carbamate (7):  

reaction time: 16 h; yield 70%, (50.5 mg); pale orange powder from 

DCM/Et2O; m.p. 138-141 °C dec.; 1H NMR (400 MHz, DMSO-d6): 

δ 1.45 (s, 9H, But), 2.28 (s, 3H, CH3 ), 3.68 (d, J = 12.4 Hz, 1H, NCHaHb), 4.60 (d, J = 13.2 Hz, 

1H, NCHaHb), 4.67 (d, J = 12.0 Hz, 1H, OCHaHb), 4.77 (d, J = 11.6 Hz, 1H, OCHaHb), 5.12 

(brs, 1H, CH), 7.30-7.50 (m, 10H, Ar), 9.90 and 10.21 (2 brs, 1H, NH, D2O exch.); 13C NMR 

(100 MHz, DMSO-d6): δ 11.4, 27.9, 45.6, 69.5, 80.9, 86.5, 105.9, 127.8, 127.9, 128.3, 128.6, 

128.7, 133.8, 137.2, 139.1, 154.9, 160.4, 169.1; HRMS (ESI) calcd. for C25H29N4O4S [M + H+]: 

481.1904; found: 481.1915. 
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7 Copies of NMR spectra for compounds 4b–e, 4g–l, 4n–r, 5a–r, 6a–p, and 7 
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