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1. Synthesis and description of compounds 1ï4 

 

General information 

All chemical reagents and solvents were kindly provided by Enamine Ltd. as a support of 

Ukrainian science. The reaction progress was monitored using the thin-layer chromatography 

(TLC) method on Silica gel 60 F254 Merck. Column chromatography was carried out using 

Silica gel (200ï300 mesh). Melting points were determined using an automated melting point 

System Opti Melt. NMR spectra of obtained products were recorded on Varian Unity Plus 

400 spectrometer (400 MHz for 1H and 101 MHz for 13C), Bruker 170 spectrometer (500 MHz 

for 1H and 126 MHz for 13C), and Agilent ProPulse 600 spectrometer (600 MHz for 1H, 151 

MHz for 13C), with chemical shifts reported in ppm using the solvent residual signal as an 

internal standard. The mass spectra (MS) were recorded on an Agilent 1100 Series high-

performance liquid chromatograph equipped with a diode matrix with an Agilent LC\MSD SL 

mass selective detector; in compounds description found and calculated data for ions with 
35Cl and 79Br isotopes are given. 

 

The substrates 1a-h were obtained according to the procedure, described in Ref. [11]. For 

the description of compound 1b see [10], 1e see [11], 1g see [12, 13]. 

 

(Z)-4-(Dichloromethylene)-5-((allylaminosulfonyl)imino)imidazolidin-

2-one (1a). White solid; yield 54%; mp 214 ÁC decomp. 1H NMR 

(500 MHz, DMSO-d6) ŭ 11.16 (br. s, 1H), 11.10 (br. s, 1H), 7.51 (t, J = 

6.0 Hz, 1H), 5.83 (ddt, J = 16.8, 10.6, 5.6 Hz, 1H), 5.21 (dd, J = 16.8, 

1.8 Hz, 1H), 5.08 (dd, J = 10.6, 1.8 Hz, 1H), 3.60 (t, J = 5.8 Hz, 2H) 

ppm; 13C NMR (126 MHz, DMSO-d6) ŭ 152.3, 150.3, 134.3, 129.8, 

116.3, 106.8, 45.3 ppm; ESI-MS m/z: found 298.8 [M + 1]+, calc. 299.0 

[M + 1]+.  

 

(Z)-4-(Dichloromethylene)-5-((cyclopentylaminosulfonyl)imino)-

imidazolidin-2-one (1c). Yellow solid; yield 72%; mp 208 ÁC. 1H NMR 

(500 MHz, DMSO-d6) ŭ 11.09 (br. s, 2H), 7.42 ï 7.25 (m, 1H), 3.69 ï 

3.58 (m, 1H), 1.85 ï 1.72 (m, 2H), 1.64 ï 1.53 (m, 2H), 1.53 ï 1.38 (m, 

4H) ppm; 13C NMR (126 MHz, DMSO-d6) ŭ 152.4, 150.1, 129.8, 106.5, 

54.9, 32.5 (2C), 22.9 (2C) ppm; ESI-MS m/z: found 327.0 [M + 1]+, calc. 

327.0 [M + 1]+. 

 

(Z)-4-(Dichloromethylene)-5-((cyclohexylaminosulfonyl)imino)-

imidazolidin-2-one (1d). Yellow solid; yield 78%; mp 201 ÁC decomp. 
1H NMR (500 MHz, DMSO-d6) ŭ 11.09 (br. s, 2H), 7.45 ï 7.14 (m, 1H), 

3.21 ï 3.04 (m, 1H), 1.97 ï 1.77 (m, 2H), 1.74 ï 1.55 (m, 2H), 1.53 ï 

1.39 (m, 1H), 1.32 ï 1.04 (m, 5H) ppm; 13C NMR (126 MHz, DMSO-d6) 

ŭ 152.3, 149.9, 129.8, 106.4, 52.4, 33.1 (2C), 25.0 (2C), 24.3 ppm; 

ESI-MS m/z: found 341.0 [M + 1]+, calc. 341.0 [M + 1]+. 



SI-4 

 

(Z)-4-(Dichloromethylene)-5-[{(4-bromobenzyl)aminosulfonyl}imino]-

imidazolidin-2-one (1f). Ligth yellow solid; yield 85%; mp 195 ÁC 

decomp. 1H NMR (500 MHz, DMSO-d6) ŭ 10.56 (br. s, 2H, partly 

exchanged with HOD), 7.69 (br. s, 1H), 7.48 (d, J = 8.0 Hz, 2H), 7.28 

(d, J = 8.0 Hz, 2H), 4.10 (s, 2H) ppm; 13C NMR (126 MHz, DMSO-d6) 

ŭ 154.5, 153.2, 137.4, 130.9 (2C), 130.5, 130.0 (2C), 120.2, 105.5, 

53.3 ppm; ESI-MS m/z: found 426.8 [M + 1]+, calc. 426.8 [M + 1]+. 

 

Ethyl (Z)-(N-(5-(dichloromethylene)-2-oxoimidazolidin-4-ylidene)-

sulfamoyl)glycinate (1h). White solid; yield 66%; mp 165 ÁC decomp. 
1H NMR (400 MHz, DMSO-d6) ŭ 11.22 (br. s, 1H), 11.17 (s, 1H), 7.76 

(t, J = 6.1 Hz, 1H), 4.07 (q, J = 7.1 Hz, 2H), 3.83 (d, J = 6.1 Hz, 2H), 

1.17 (t, J = 7.1 Hz, 3H) ppm; 13C NMR (151 MHz, DMSO-d6) ŭ 169.1, 

152.3, 151.2, 129.8, 107.3, 60.8, 44.1, 13.9 ppm; ESI-MS m/z: found 

345.0 [M + 1]+, calc. 345.0 [M + 1]+. 

 

tert-Butyl (Z)-(2-((N-(5-(dichloromethylene)-2-oxoimidazolidin-

4-ylidene)sulfamoyl)amino)ethyl)carbamate (1i). White solid; yield 

67%; mp 180 ÁC decomp. 1H NMR (400 MHz, DMSO-d6) ŭ 11.22 (br. 

s, 1H), 11.09 (s, 1H), 7.34 (t, J = 6.0 Hz, 1H), 6.77 (t, J = 6.0 Hz, 1H), 

3.06 (q, J = 6.8 Hz, 2H), 2.98 (q, J = 6.8 Hz, 2H), 1.36 (s, 9H) ppm; 
13C NMR (101 MHz, DMSO-d6) ŭ 155.6, 152.8, 150.9, 130.0, 106.6, 

77.9, 42.7, 39.6, 28.3 (3C) ppm; ESI-MS m/z: found 400.0 [M - 1]ï, calc. 

400.0 [M - 1]ï. 

 

 

General procedure for compounds 2a-h synthesis 

To a suspension of substrate 1a-h (1 mmol) in i-PrOH (10 mL) formalin (0.4 mL, 5 mmol) and 

conc. HCl (0.05 mL) were added at room temperature; then the temperature was raised to 

80 ÁC, and the reaction mixture was stirred for 48 h in a closed vial. After that the reaction 

mixture was cooled, the volatile components were evaporated in vacuo. The residue was 

treated with water (50 mL) and extracted with ethyl acetate (2³25 mL). The organic layer was 

washed with water (25 mL), dried with anhydrous Na2SO4, and evaporated in vacuo. The 

crude product was purified by column chromatography on a silica gel with AcOEt / hexane 

4 : 6 as an eluent. 

 

3-Allyl-8-(dichloromethylene)-3,4,7,8-tetrahydro-6H-imidazo[5,1-c]-

[1,2,4,6]thiatriazin-6-one 2,2-dioxide (2a). White solid; yield 64%; mp 

225 ÁC decomp. 1H NMR (500 MHz, DMSO-d6) ŭ 11.49 (br. s, 1H), 

5.82 (ddt, J = 17.2, 10.2, 6.5 Hz, 1H), 5.34 (d, J = 17.2 Hz, 1H), 5.29 

(d, J = 10.2 Hz, 1H), 5.12 (s, 2H), 3.76 (d, J = 6.5 Hz, 2H) ppm; 13C 

NMR (126 MHz, DMSO-d6) ŭ 152.3, 149.9, 131.7, 127.5, 120.8, 109.0, 

55.8, 50.7 ppm; 13C APT NMR (151 MHz, DMSO-d6) ŭ 152.4 (C), 

150.0 (C), 131.7 (CH), 127.6 (C), 121.0 (CH2), 109.7 (C), 55.8 (CH2), 

50.7 (CH2) ppm; ESI-MS m/z: found 311.0 [M + 1]+, calc. 311.0 [M + 1]+.  
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3-Cyclobutyl-8-(dichloromethylene)-3,4,7,8-tetrahydro-6H-imidazo-

[5,1-c][1,2,4,6]thiatriazin-6-one 2,2-dioxide (2b). White solid; yield 

31%; mp 230ï235 ÁC decomp. 1H NMR (400 MHz, DMSO-d6) ŭ 11.54 

(br. s, 1H), 5.08 (s, 2H), 3.92 ï 3.72 (m, 1H), 2.18 ï 1.89 (m, 4H), 1.74 

ï 1.44 (m, 2H) ppm; 13C NMR (126 MHz, DMSO-d6) ŭ 152.0, 149.9, 

127.4, 109.0, 54.6, 51.9, 28.4 (2C), 13.8 ppm; ESI-MS m/z: found 

323.0 [M - 1]ï, calc. 323.0 [M - 1]ï. 

 

3-Cyclopentyl-8-(dichloromethylene)-3,4,7,8-tetrahydro-6H-imidazo-

[5,1-c][1,2,4,6]thiatriazin-6-one 2,2-dioxide (2c). White solid; yield 

37%; mp 225ï230 ÁC decomp. 1H NMR (400 MHz, DMSO-d6) ŭ 11.58 

(s, 1H), 5.21 (s, 2H), 3.76 (p, J = 7.9 Hz, 1H), 1.90 ï 1.75 (m, 2H), 

1.69 ï 1.56 (m, 2H), 1.57 ï 1.41 (m, 4H) ppm; 13C NMR (126 MHz, 

DMSO-d6) ŭ 152.1, 149.6, 127.3, 109.2, 59.9, 55.1, 30.0 (2C), 22.3 

(2C) ppm; ESI-MS m/z: found 339.0 [M + 1]+, calc. 339.0 [M + 1]+. 

 

3-Cyclohexyl-8-(dichloromethylene)-3,4,7,8-tetrahydro-6H-imidazo-

[5,1-c][1,2,4,6]thiatriazin-6-one 2,2-dioxide (2d). White solid; yield 

41%; mp 230 ÁC decomp. 1H NMR (400 MHz, DMSO-d6) ŭ 11.60 

(br. s, 1H), 5.22 (s, 2H), 3.68 ï 3.47 (m, 1H), 1.84 ï 1.60 (m, 4H), 1.59 

ï 1.48 (m, 1H), 1.43 ï 1.16 (m, 4H), 1.12 ï 0.98 (m, 1H) ppm; 13C 

NMR (101 MHz, DMSO-d6) ŭ 152.2, 149.6, 127.3, 109.4, 58.9, 53.1, 

30.3 (2C), 25.3 (2C), 24.6 ppm; ESI-MS m/z: found 353.0 [M + 1]+, calc. 

353.0 [M + 1]+.  

 

3-Benzyl-8-(dichloromethylene)-3,4,7,8-tetrahydro-6H-imidazo[5,1-c]-

[1,2,4,6]thiatriazin-6-one 2,2-dioxide (2e). White solid; yield 53%; mp 

235 ÁC decomp. 1H NMR (400 MHz, DMSO-d6) ŭ 11.43 (br. s, 1H), 

7.35 (s, 5H), 5.08 (s, 2H), 4.36 (s, 2H) ppm; 13C NMR (101 MHz, 

DMSO-d6) ŭ 152.3, 149.9, 134.3, 129.1 (2ʉ), 128.5 (2ʉ), 128.3, 127.4, 

109.0, 56.0, 52.1 ppm; ESI-MS m/z: found 361.0 [M + 1]+, calc. 361.0 

[M + 1]+. 

 

3-(4-Bromobenzyl)-8-(dichloromethylene)-3,4,7,8-tetrahydro-6H-

imidazo[5,1-c][1,2,4,6]thiatriazin-6-one 2,2-dioxide (2f). White solid; 

yield 64%; mp 210 ÁC decomp. 1H NMR (400 MHz, DMSO-d6) ŭ 11.48 

(br. s, 1H), 7.54 (d, J = 8.0 Hz, 2H), 7.32 (d, J = 8.0 Hz, 2H), 5.11 (s, 

2H), 4.35 (s, 2H) ppm; 13C NMR (101 MHz, DMSO-d6) ŭ 152.3, 149.9, 

133.9, 131.4 (2C), 131.2 (2C), 127.3, 121.6, 109.2, 56.4, 51.5 ppm; 

ESI-MS m/z: found 438.8 [M + 1]+, calc. 438.9 [M + 1]+. 

 

8-(Dichloromethylene)-3-(4-methoxybenzyl)-3,4,7,8-tetrahydro-6H-

imidazo[5,1-c][1,2,4,6]thiatriazin-6-one 2,2-dioxide (2g). White 

solid; yield 53%; mp 225 ÁC decomp. 1H NMR (400 MHz, DMSO-d6) ŭ 

11.40 (s, 1H), 7.28 (d, J = 8.6 Hz, 2H), 6.88 (d, J = 8.6 Hz, 2H), 5.09 

(s, 2H), 4.30 (s, 2H), 3.74 (s, 3H) ppm; 13C NMR (101 MHz, DMSO-d6) 

ŭ 159.4, 152.2, 149.9, 130.6 (2C), 127.3, 125.7, 113.9 (2C), 109.0, 

55.8, 55.1, 51.8 ppm; ESI-MS m/z: found 390.8 [M + 1]+, calc. 391.0 

[M + 1]+.  
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Ethyl 2-(8-(dichloromethylene)-2,2-dioxido-6-oxo-7,8-dihydro-6H-

imidazo[5,1-c][1,2,4,6]thiatriazin-3(4H)-yl)acetate (2h). White solid; 

yield 53%; mp 175ï177 ÁC. 1H NMR (400 MHz, DMSO-d6) ŭ 11.54 

(br. s, 1H), 5.30 (s, 2H), 4.20 ï 4.06 (m, 4H), 1.19 (t, J = 7.1 Hz, 3H) 

ppm; 13C NMR (151 MHz, DMSO-d6) ŭ 168.2, 152.5, 150.0, 127.6, 

109.0, 61.0, 57.9, 50.5, 13.9 ppm; ESI-MS m/z: found 357.0 [M + 1]+, 

calc. 357.0 [M + 1]+. 

 

Procedure for compounds 2i,j synthesis and separation  

To a suspension of substrate 1i (1.0 g, 2.49 mmol) in i-PrOH (30 mL) 37% formalin (0.808 g, 

9.96 mmole) and 36% aq HCl (0.0126 g, 0.05 mmole) were added. The reaction mixture was 

stirred at 80 ÁC for 48 h; then NaHCO3 (0.021 g, 0.25 mmol) was added and volatiles were 

evaporated in vacuo (12 mmHg). Water (50 mL) and CH2Cl2 (50 mL) were added to the 

residue, the products mixture was extracted in organic phase, which was separated and 

evaporated. Separation of the products 2i,j were performed by column chromatography on a 

silica gel (50 g) with the mixture CH2Cl2 / MTBE (gradient 0 to 20 v/v) as an eluent. 

 

tert-Butyl (2-(8-(dichloromethylene)-2,2-dioxido-6-oxo-7,8-dihydro-

6H-imidazo[5,1-c][1,2,4,6]thiatriazin-3(4H)-yl)ethyl)carbamate (2i). 

White solid; yield 50%; mp 180 (dec.) ÁC. 1H NMR (400 MHz, DMSO-

d6) ŭ 11.52 (br. s, 1H), 6.93 (br. s, 1H), 5.17 (s, 2H), 3.13 (br. s, 4H), 

1.38 (s, 9H) ppm; 13C NMR (126 MHz, DMSO-d6) ŭ 155.7, 152.2, 

150.1, 127.6, 108.9, 77.8, 57.4, 48.0, 38.3, 28.2 (3ʉ) ppm; ESI-MS 

m/z: found 412.0 [M - 1]ï, calc. 412.0 [M - 1]ï. 

 

tert-Butyl (2-(8-(dichloromethylene)-2,2-dioxido-6-oxo-7,8-dihydro-

6H-imidazo[5,1-c][1,2,4,6]thiatriazin-3(4H)-yl)ethyl)(isopropoxy-

methyl)carbamate (2j). White solid; yield 10%; mp 130 (dec.) ÁC. 1H 

NMR (500 MHz, DMSO-d6) ŭ 11.53 (br. s, 1H), 5.19 (s, 2H), 4.66 (s, 

2H), 3.62 (h, J = 6.2 Hz, 1H), 3.40 (br. t, J = 6.5 Hz, 2H), 3.26 (br. t, J = 

6.5 Hz, 2H), 1.41 (s, 9H), 1.08 (d, J = 6.2 Hz, 6H) ppm; 13C NMR (151 

MHz, DMSO-d6) ŭ 154.5 and 154.4, 152.3, 150.1, 127.6, 108.9, 79.7, 

74.8, 68.0 and 67.4, 58.1 and 57.7, 47.6 and 46.9, 44.3 and 43.6, 27.8 

(3ʉ), 22.1 and 22.0 (2ʉ) ppm; ESI-MS m/z: found 484.0 [M - 1]ï, calc. 

484.1 [M - 1]ï. 

 

General procedure for compounds 3g,3l synthesis 

Compound 2g or 2k (1 mmol) was dissolved in acetone (25 mL) and milled K2CO3 (0.21 g, 

1.5 mmol for 2g; 0.415 g, 3 mmol for 2k) with KI (cat.) were added. The reaction mixture was 

stirred at 25 ÁC for 30 min, and then MeI (0.095 mL, 0.21 g, 1.5 mmol for 2g; 0.19 mL, 

0.43 g, 3 mmol) was added portion wise. Reaction mixture was stirred at 25 ÁC for about 16 h 

(until full conversion according to LCMS), then the acetone was evaporated from the reaction 

mixture, H2O (20 mL) and 5% aq HCl were added to pH 5ï6, and product was extracted with 

EtOAc (2³20 mL). Combined extracts were dried with anhydrous K2CO3, and the solvent was 

evaporated in vacuo to produce crude product, which was purified by flash chromatography 

(hexaneïMTBE, gradient 20ï100%). 
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8-(Dichloromethylene)-3-(4-methoxybenzyl)-7-methyl-3,4,7,8-tetra-

hydro-6H-imidazo[5,1-c][1,2,4,6]thiatriazin-6-one 2,2-dioxide (3g). 

Light yellow solid; yield 79%; mp 149ï150 ÁC. 1H NMR (500 MHz, 

DMSO-d6) ŭ 7.27 (d, J = 8.2 Hz, 2H), 6.89 (d, J = 8.2 Hz, 2H), 5.13 (s, 

2H), 4.30 (s, 2H), 3.75 (s, 3H), 3.27 (s, 3H) ppm; 13C NMR (126 MHz, 

DMSO-d6) ŭ 159.4, 152.2, 150.5, 130.6 (2C), 127.8, 125.6, 113.7 (2C), 

111.0, 56.2, 55.1, 51.8, 30.6 ppm; ESI-MS m/z: found 405.0 [M + 1]+, 

calc. 405.0 [M + 1]+. 

 

8-(Dichloromethylene)-3,7-dimethyl-3,4,7,8-tetrahydro-6H-imidazo-

[5,1-c][1,2,4,6]thiatriazin-6-one 2,2-dioxide (3l). Light yellow solid; 

yield 75%; mp 221ï222 ÁC. 1H NMR (500 MHz, DMSO-d6) ŭ 5.24 (s, 

2H), 3.37 (s, 3H), 2.81 (s, 3H) ppm; 13C NMR (126 MHz, DMSO-d6) ŭ 

152.1, 151.1, 128.2, 110.8, 59.8, 36.5, 30.8 ppm; ESI-MS m/z: found 

299.0 [M + 1]+, calc. 299.0 [M + 1]+. 

 

General procedure for compounds 2k-4k synthesis 

To a solution of compound 2g, 3g or 4g (1 mmol) in CH2Cl2 (10 mL) CF3CO2H (0.46 mL, 

6 mmol) was added at 0 ÁC, and the mixture was stirred at 25 ÁC for 16 h. After evaporation 

the solvent, CH2Cl2 (20 mL) was added to the dry residue, then the resulting precipitate was 

filtered off, washed with CH2Cl2 (10 mL), the precipitate dried on air to afford pure target 

product. 

 

8-(Dichloromethylene)-3,4,7,8-tetrahydro-6H-imidazo[5,1-c][1,2,4,6]-

thiatriazin-6-one 2,2-dioxide (2k). Colorless solid; yield 83%; mp 215ï 

216 ÁC. 1H NMR (500 MHz, DMSO-d6) ŭ 11.51 (br. s, 1H), 7.60 (s, 1H), 

5.00 (s, 2H) ppm; 13C NMR (126 MHz, DMSO-d6) ŭ 152.0, 149.9, 

127.4, 108.8, 53.0 ppm; ESI-MS m/z: found 268.8 [M - 1]ï, calc. 268.9 

[M - 1]ï. 

 

8-(Dichloromethylene)-7-methyl-3,4,7,8-tetrahydro-6H-imidazo[5,1-c]-

[1,2,4,6]thiatriazin-6-one 2,2-dioxide (3k). Light yellow solid; yield 

88%; mp 210ï211 ÁC. 1H NMR (500 MHz, DMSO-d6) ŭ 7.76 (t, J = 8.4 

Hz, 1H), 5.03 (d, J = 8.4 Hz, 2H), 3.37 (s, 3H, with HDO signal) ppm; 
13C NMR (126 MHz, DMSO-d6) ŭ 152.1, 150.7, 128.0, 110.8, 53.4, 30.7 

ppm; ESI-MS m/z: found 282.8 [M - 1]ï, calc. 282.9 [M - 1]ï. 

 

8-(Dichloromethylene)-4-methyl-3,4,7,8-tetrahydro-6H-imidazo[5,1-c]-

[1,2,4,6]thiatriazin-6-one 2,2-dioxide (4k). Light yellow solid; yield 

84%; mp 200ï201 ÁC. 1H NMR (500 MHz, DMSO-d6) ŭ 11.49 (br. s, 

1H), 7.84 (d, J = 6.8 Hz, 1H), 5.32 (p, J = 6.7 Hz, 1H)1.63 (d, J = 6.6 

Hz, 3H) ppm; 13C NMR (126 MHz, DMSO-d6) ŭ 151.6, 150.3, 127.5, 

108.5, 63.0, 18.5 ppm; ESI-MS m/z: found 284.8 [M + 1]+, calc. 285.0 

[M + 1]+. 

 

Procedure for compound 4g synthesis 

To a suspension of substrate 1g (0.38 g, 1 mmol) in i-PrOH (10 ml) acetaldehyde (0.15 g, 

5 mmol) and conc. HCl (0.05 mL) were added at room temperature; then the temperature 

was raised to 80 ÁC, and the reaction mixture was stirred for 48 h in a closed vial. After that 

the reaction mixture was cooled, the volatile components were evaporated in vacuo. The 
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residue was treated with water (50 mL) and extracted with ethyl acetate (2³25 mL). The 

organic layer was washed with water (25 mL), dried with anhydrous Na2SO4, and evaporated 

in vacuo. The crude product was purified by column chromatography on a silica gel with 

AcOEt / hexane 3 : 7 as an eluent. 

 

8-(Dichloromethylene)-3-(4-methoxybenzyl)-4-methyl-3,4,7,8-tetra-

hydro-6H-imidazo[5,1-c][1,2,4,6]thiatriazin-6-one 2,2-dioxide (4g). 

Colorless solid; yield 53%; mp 228ï229 ÁC. 1H NMR (500 MHz, DMSO-

d6) ŭ 11.39 (s, 1H), 7.29 (d, J = 8.2 Hz, 2H), 6.87 (d, J = 8.2 Hz, 2H), 

5.47 (q, J = 6.8 Hz, 1H), 4.40 (s, 2H), 3.73 (s, 3H), 1.56 (d, J = 6.8 Hz, 

3H) ppm; 13C NMR (101 MHz, DMSO-d6) ŭ 159.3, 151.3, 150.0, 130.3 

(2ʉ), 127.3, 126.1, 113.7 (2ʉ), 109.0, 65.9, 55.2, 54.3, 20.3 ppm; ESI-

MS m/z: found 405.0 [M + 1]+, calc. 405.0 [M + 1]+.  

 

 

 

 

2. X-Ray analysis of compound 2k 

 

The light yellow crystals of compound 2k (C5H4Cl2N4O3S) are monoclinic. At 173 K a = 

5.5579(3), b = 8.9643(5), c = 18.3288(9) ¡, ɓ = 98.437(2)Á, V = 903.31(8) ¡3, Mr = 271.08, Z 

= 4, space group P21/n, dcalc= 1.993 g/ʩm3, m(MoKa) = 0.940 mm-1, F(000) = 544. Intensities 

of 11551 reflections (1590 independent, Rint=0.0342) were measured on the Bruker APEX II 

diffractometer (graphite monochromated MoKŬ radiation, CCD detector, ű- and ɤ-scaning, 

2Ūmax = 50 )̄. The structure was solved by direct method using OLEX2 [16] package with 

SHELXT [17] and SHELXL modules [18]. Positions of the hydrogen atoms were located from 

electron density difference maps and refined using ñridingò model with Uiso = 1.2Ueq of the 

carrier atom for the methylene group. The hydrogen atoms of the NH groups were refined 

using isotropic approximation. Full-matrix least-squares refinement against F2 in anisotropic 

approximation for non-hydrogen atoms using 1590 reflections was converged to wR2 = 

0.0725 (R1 = 0.0285 for 1481 reflections with F>4ů(F), S = 1.063). The final atomic 

coordinates, and crystallographic data for molecule 2k have been deposited to with the 

Cambridge Crystallographic Data Centre, 12 Union Road, CB2 1EZ, UK (fax: +44-1223-

336033; e-mail: deposit@ccdc.cam.ac.uk) and are available on request quoting the 

deposition numbers CCDC 2501426). 

 

  



SI-9 

3. Copies of NMR spectra 

 

 
 

1H NMR spectrum of 1a 
 

 

 
 

13C NMR spectrum of 1a  
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1H NMR spectrum of 1c 
 

 

 
 

13C NMR spectrum of 1c 
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1H NMR spectrum of 1d 
 

 

 
 

13C NMR spectrum of 1d 
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1H NMR spectrum of 1f 
 

 

 
 

13C NMR spectrum of 1f 
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1H NMR spectrum of 1h 
 

 

 
 

13C NMR spectrum of 1h 
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1H NMR spectrum of 1i 
 

 

 
 

13C NMR spectrum of 1i 
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1H NMR spectrum of 2a 
 

 

 
 

COSY spectrum of 2a 
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13C NMR spectrum of 2a 
 

 

 
 

13C APT NMR spectrum of 2a 
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HSQC spectrum of 2a 
 

 

 
 

HMBC spectrum of 2a 
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NMR spectra of 2a (all data) 
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1H NMR spectrum of 2b 

 

 

 
 

13C NMR spectrum of 2b 
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1H NMR spectrum of 2c 
 

 

 
 

13C NMR spectrum of 2c 
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1H NMR spectrum of 2d 

 

 

 
 

13C NMR spectrum of 2d 

  



SI-22 

 

 
 

1H NMR spectrum of 2e 

 

 

 
 

13C NMR spectrum of 2e 
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1H NMR spectrum of 2f 

 

 

 
 

13C NMR spectrum of 2f 
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1H NMR spectrum of 2g 
 

 

 
 

13C NMR spectrum of 2g 
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1H NMR spectrum of 2h 

 

 

 
 

13C NMR spectrum of 2h 

  



SI-26 

 

 
 

1H NMR spectrum of 2i 

 

 

 
 

13C NMR spectrum of 2i 
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1H NMR spectrum of 2j 
 

 

 
 

COSY spectrum of 2j 
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NOESY spectrum of 2j 

 

 

 
 

13C NMR spectrum of 2j 
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HSQC spectrum of 2j 
 

 

 
 

HMBC spectrum of 2j 
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NMR spectra of 2j (all data) 
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1H NMR spectrum of 2k 

 

 

 
 

13C NMR spectrum of 2k 
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1H NMR spectrum of 3g 

 

 

 
 

13C NMR spectrum of 3g 
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1H NMR spectrum of 3k 
 

 

 
 

13C NMR spectrum of 3k 
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1H NMR spectrum of 3l 
 

 

 
 

13C NMR spectrum of 3l 
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1H NMR spectrum of 4g 
 

 

 
 

13C NMR spectrum of 4g 
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1H NMR spectrum of 4k 

 

 

 
 

13C NMR spectrum of 4k 
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4. Copies of LCMS spectra 
 

 
 

 
 

LCMS spectrum of 1a  



SI-38 

 

 
 

 
 

LCMS spectrum of 1c 
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LCMS spectrum of 1d  
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LCMS spectrum of 1f  
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LCMS spectrum of 1h 
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LCMS spectrum of 1i  
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LCMS spectrum of 2a  
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LCMS spectrum of 2b 
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LCMS spectrum of 2c  
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LCMS spectrum of 2d  
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LCMS spectrum of 2e  


