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Cell lines and virus strain  

Chikungunya virus, Indian Ocean strain 899, isolated in 2006 (Genbank FJ959103.1), was 

kindly provided by Prof. C. Drosten (Institute of Virology, University of Bonn, Germany). CHIKV 

was cultured on African green monkey kidney (Vero) cells (ATCC CCL-81) in minimum essential 

medium MEM Rega3 (Invitrogen, Belgium) supplemented with 10% Foetal Bovine Serum (FBS; 

Integro, The Netherlands), 1% L-glutamine and 1% sodium bicarbonate (Invitrogen). Antiviral 

assays were performed in MEM Rega-3 medium supplemented with 2% FBS. 

 

Chikungunya virus-cell-based antiviral assay 

Serial dilutions of compound were prepared in assay medium [MEM Rega3 (Cat. N°19993013; 

Invitrogen), 2% FCS (Integro), 5 ml 200 mM L-glutamine (25030024), and 5 ml 7.5% sodium 

bicarbonate (25080060)] that was added to empty wells of a 96-well microtiter plate (Falcon, BD). 

Subsequently, 50 µl of CHIKV dilution in assay medium was added (resulting in a MOI of 0.01), 

followed by 50 µl of Vero cell suspension (25 000 cells/50 µl). The assay plates were returned to 

the incubator for 5 days (37°C, 5% CO2, 95-99% relative humidity), a time at which maximal 

virus-induced cell death or cytopathic effect (CPE) was observed in untreated, infected controls. 

Subsequently, the assay medium was aspirated, replaced with 75 µl of a 5% MTS (Promega) 

solution in phenol red-free medium and incubated for 1.5 hours. Absorbance was measured at a 

wavelength of 498 nm (Safire2, Tecan; optical densities (OD values) reached 0.6-0.8 for the 

untreated, uninfected controls). The EC50 (50% effective concentration or concentration which is 

calculated to inhibit virus-induced cell death by 50%) and CC50 (50% antimetabolic concentration 

or concentration which is calculated to inhibit the overall cell metabolism by 50%) values were 

derived from the dose-response curves. The 50% effective concentration (EC50) and the 90% 
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effective concentration (EC90) are the concentrations of compound that inhibit virus replication by 

50% and 90%, respectively. The overall antimetabolic effect of the compounds is shown as 

Cytostatic/Cytotoxic Concentration (CC50). The CC50 is the calculated concentration of compound 

that causes a 50% adverse effect on non-infected host cells (incorporates cytotoxic, cytostatic, and 

antimetabolic effect). All assay conditions producing an antiviral effect exceeding 50% were 

checked microscopically for minor signs of CPE or adverse effects on the host cell (i.e. altered cell 

morphology). A compound was only considered to elicit a selective antiviral effect on virus 

replication when, following microscopic quality control, at least at one concentration of the 

compound, no CPE nor any adverse effect is observed (image resembling untreated, uninfected 

cells). Multiple, independent experiments were performed. 
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Instrumental and General Analytical Methods 

All reagents and solvents (of analytical and HPLC grades) were purchased from Sigma-Aldrich 

or other commercial suppliers like Fluka and Alfa Aesar and were used without further 

purification. Reactions that were moisture-sensitive were performed using anhydrous solvents and 

under argon atmosphere. EtOH, THF and DCM were dried before use. Disposable needles and 

syringes (B| Braun Inject and B| Braun Sterican®) were applied to transfer the solvents into the 

reaction flask. The solvents were removed under reduced pressure using the Heildolph Laborota 

4000 efficient evaporator. Analytical thin-layer chromatography (TLC) was carried out on 

Polygram® SIL G/UV254 plates, layer 0.2 mm silica gel with fluorescent indicator. The spots 

were visualised by UV light (254 and/or 366nm) with UV light Vilmer Lourmat VL-6L. A part of 

the syntheses was performed in Cem Discover to obtain microwave conditions. Compounds were 

purified, performing a flash chromatography on a glass column using Merck silica gel (40−60 

mesh). The solvent mixtures for chromatography are always referred to as a vol/vol ratio, and the 

melting points were determined on Cambridge Instruments.  

NMR spectra were recorded on a Bruker Avance 500 NMR spectrometer (UltraShield) using a 

5 mm switchable probe (TCI Prodigy Kryo-probe head, 5 mm, triple resonance-inverse-detection 

probe head) with z-axis gradients and automatic tuning and matching accessory (Bruker BioSpin).  

The resonance frequency for 1H NMR was 500.13 MHz and for 13C NMR 125.75 MHz. All 

measurements were performed for a solution in fully deuterated dimethylsulfoxide at 298 K. 

Standard 1D and gradient-enhanced 2D experiments, like double quantum filtered (DQF) COSY, 

HSQC, and HMBC, were used as supplied by the manufacturer. Chemical shifts are referenced 

internally to the residual, non-deuterated solvent signal 1H (δ 2.50 ppm) and the carbon signal 13C 

(δ 39.50 ppm) of dimethylsulfoxide. 19F NMR spectra were recorded on a Bruker Avance III 400 
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NMR spectrometer (UltraShield) using a 5 mm switchable probe (BBFOPLUS, BB/19F – 1H/D) 

with z-axis gradients and automatic tuning and matching accessory (Bruker BioSpin). The 

resonance frequency for 1H NMR was 400.23 MHz and for 19F NMR 376.55 MHz. All 

measurements were performed for a solution in fully deuterated dimethylsulfoxide at 298 K. 19F 

NMR spectra (broadband decoupled for 1H) were measured as supplied by the manufacturer using 

absolute referencing via Ξ ratio. Chemical shifts are given in ppm and are reported relative to TMS 

and referenced to the residual proton signal of d6-DMSO (2.49 ppm).  d6-DMSO with 0.03% TMS 

(V/V), purchased at Euriso-top®, was used as a solvent for the samples. The specified 

abbreviations were used to characterize the signals: s = singlet, d = doublet, t = triplet, q = quartet, 

quint = quintet, sext = sextet, m = multiplet, and br = broad signal. The spectra were analysed by 

a computer using the software MestReNova 6 (Mestrelab research, 1994).  

HRESIMS spectra were obtained on a maXis HD ESI-Qq-TOF mass spectrometer (Bruker 

Daltonics, Bremen, Germany). Samples were dissolved to 20 µg/mL in MeOH and directly infused 

into the ESI source at a flow rate of 3 µL/min with a syringe pump. The ESI ion source was 

operated as follows: capillary voltage: 0.9 to 4.0 kV (individually optimised), nebulizer: 0.4 bar 

(N2), dry gas flow: 4 L/min (N2), and dry temperature: 200 °C. Mass spectra were recorded in the 

range of m/z 50 – 1550 in the positive-ion mode. The sum formulas were determined using Bruker 

Compass DataAnalysis 4.2 based on the mass accuracy (Δm/z ≤ 2 ppm) and isotopic pattern 

matching (SmartFormula algorithm). 

The purity of the compounds was determined by HPLC on LC-2010A HT Liquid 

Chromatograph device (Shimadzu Corporation, Tokyo, Japan). The separation was carried out on 

an Acclaim 120 C18, 2.1 x 150 mm, 3 µm HPLC column (Thermo Fisher Scientific) using LC-

MS-grade water with 0.1% FA and acetonitrile with 0.1% FA as mobile phase A and B, 
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respectively. The sample components were separated and eluted with a linear gradient from 5% to 

95% B in 30 min, followed by an isocratic column cleaning and re-equilibration step. The flow 

rate was 0.1 mL/min, and the column oven temperature was set to 25 °C. The purity was 

determined from the UV chromatogram (254 nm) as the ratio of the peak area of the compound to 

the total peak area (i.e., the sum of the areas of all peaks that were not present in the solvent blank). 

Based on the HPLC data, all final compounds are ≥95% pure.  

 

General Procedures 

General Procedure A: Amine alkylation reaction for the synthesis of pyrimidine amines 2a-2j. 

A stirred solution of pyrimidine (1 equiv) in anhydrous ethanol under an inert atmosphere was 

cooled to 0 °C before amine (2 equiv) was added dropwise. The reaction mixture was brought to 

room temperature and then stirred for 48 hours. After evaporation of the solvent, the residue was 

dissolved in dichloromethane and washed twice with water and with brine. The organic layer was 

dried over sodium sulphate, and then evaporated to dryness. The crude product was purified by 

column chromatography (SiO2, eluent: hexane/EtOAc or DCM/MeOH) to afford the desired 

pyrimidine amines. 

General Procedure B: Synthesis of compounds 3a-3l. The pyrimidine amine (2a-2j, 1 equiv) 

and the Boc-protected pyridine (2 equiv) were dissolved/suspended in 1.5 ml dry ethanol. The 

mixture was heated to 155 °C for 30 minutes under microwave irradiation (250 Watt, 12 bars). 

After the solvent was evaporated, the resulting crude product was dissolved in dichloromethane 

and washed twice with K2CO3 solution (10% in water) and with water. The organic layer was dried 

over sodium sulphate, filtered, and then evaporated to dryness. The crude was purified by column 

chromatography (SiO2, eluent: 80% dichloromethane/20% methanol), to obtain the pure product. 
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General Procedure C: Boc-deprotection reaction of compounds 4a-4b and 4d-4m. Carboxylate 

(1 equiv) was dissolved in dry tetrahydrofurane and stirred at room temperature, then the 

hydrochloric acid solution (4.0 M in dioxane, 10 equiv) was added dropwise. The mixture was 

stirred for 24 hours and evaporated to dryness. The residuum was dissolved in dichloromethane, 

washed twice with an aqueous solution of potassium carbonate (10%) and with water. The organic 

phase was dried over sodium sulphate, and filtered to obtain the desired product. 

General Procedure D: Sulfonacylation reaction of nitrogen heterocycles. The pyrimidine (1 

equiv) was dissolved in DCM. Sulfonyl chloride (1 equiv) and triethylamine (1 equiv) as a base 

was added and stirred overnight at room temperature. The mixture was diluted in DCM and washed 

twice with H2O and with brine. The organic layer was dried over Na2SO4, filtered and concentrated 

in vacuum. The crude product was purified by recrystallization (DIPE/EtOAc; DIPE/EtOH or 

Hexane/EtOAc) or by column chromatography (SiO2, eluent: DCM/MeOH). 
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Characterization and Spectral Data of the Compounds 
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N-ethyl-6-methyl-2-(4-(4-fluorophenylsulfonyl)piperazin-1-yl)pyrimidin-4-amine (1). 

Compound 1 was prepared following general procedure D using 4a (90 mg, 0.4 mmol), 4-

fluorobenzenesulfonyl chloride (79 mg, 0.4 mmol) and TEA (42 mg, 0.42 mmol) in DCM. The 

crude product was purified by recrystallization (DIPE/EtOAc), resulting in 50 mg of pure product 

(yield 33%). Mp 170.6−171.9 °C. Ret. time. 13.0 min, purity 96.9%. HRESIMS m/z 380.1555 

[M+H]+ (calcd for C17H23FN5O2S+, 380.1551, Δ = -1.0 ppm). 1H NMR (500 MHz, d6DMSO) δ = 

1.05 (t, 3H, CH3), 2.00 (s, 3H, pyr-CH3), 2.88 (m,  4H, pip-H3,5), 3.18 (br, 2H,  NCH2), 3.74 (m, 

4H, pip-H2,6) 5.58 (s, 1H, pyr-H), 6.83 (br, 1H, NH), 7.48 (t, 2H, Ph-H3,5), 7.81 (q, 2H, Ph-H2,6); 

13C NMR (125 MHz, d6DMSO) δ = 14.61 (CH3), 23.71 (pyr-CH3), 34.60 (NCH2), 42.43 (pip-

C2,6), 45.78 (pip-C3,5), 116.68 (3J(13C,19F) = 22.6 Hz, (Ph-C3,5), 129.66 (pyr-C5), 130.69 

(3J(13C,19F) = 9.7 Hz, Ph-C2,6), 131.11 (3J(13C,19F) = 3.1 Hz, Ph-C1), 160.62 (pyr-C2), 162.94 

(pyr-C6), 164.72 (3J(13C,19F) = 253.9 Hz, Ph-C4), 174.42 (pyr-C4); 19F NMR (400 MHz, 

d6DMSO) δ = -105.57 (Ph-F).  

2-chloro-N-ethyl-6-methylpyrimidin-4-amine (2a). 2a was prepared following the general 

procedure A using 2,4-dichloro-6-methylpyrimidine (2.00 g, 12.27 mmol) and ethylamine (2.0 M 

in methanol, 12.27 ml, 24.54 mmol). The crude product was purified by column chromatography 

(SiO2, eluent: either using a mixture of 50% hexane/50% ethyl acetate or 97.5% 

dichloromethane/2.5% methanol), resulting in 0.949 g of pure 2-chloro-N-ethyl-6-

methylpyrimidin-4-amine (yield 45%). 

[As a side product, 0.358 g of pure 4-chloro-N-ethyl-6-methylpyrimidin-2-amine 2f (yield 17%) 

was obtained.] 

2-chloro-N-isopropyl-6-methylpyrimidin-4-amine (2b). 2b was prepared following the general 

procedure A using 2,4-dichloro-6-methylpyrimidine (1.00 g, 6.13 mmol) and propan-2-amine 
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(1.00 ml, 12.27 mmol, diluted in 5 ml ethanol). The crude product was purified by column 

chromatography (SiO2, eluent: 50% hexane/50% ethyl acetate), resulting in 0.608 g of pure 2-

chloro-N-isopropyl-6-methylpyrimidin-4-amine (yield 53%). 

[As a side product 0.239 g of pure 4-chloro-N-isopropyl-6-methylpyrimidin-2-amine 2j (yield 

21%) was obtained.] 

N-(tert-butyl)-2-chloro-6-methylpyrimidin-4-amine (2c). 2c was prepared following the 

general procedure A using 2,4-dichloro-6-methylpyrimidine (1.00 g, 6.13 mmol) and 2-

methylpropan-2-amine (1.29 ml, 12.34 mmol, diluted in 5 ml ethanol). The crude product was 

purified by column chromatography (SiO2, eluent: 50% hexane/50% ethyl acetate), resulting in 

0.200 g of pure N-(tert-butyl)-2-chloro-6-methylpyrimidin-4-amine (yield 16%).  

2-chloro-4-ethoxy-6-methylpyrimidine (2d). 2d was prepared following the general procedure 

A using 2,4-dichloro-6-methylpyrimidine (1.00 g, 6.13 mmol) and sodium ethoxide solution (21% 

w/w in ethanol, 6.13 ml). The crude product was purified by column chromatography (SiO2, 

eluent: dichloromethane) resulting in 0.353g of pure 2-chloro-4-ethoxy-6-methylpyrimidin (yield 

33%).  

2-chloro-4-methyl-6-(pyrrolidin-1-yl)pyrimidine (2e). 2e was prepared following the general 

procedure A using 2,4-dichloro-6-methylpyrimidine (0.50 g, 3.67 mmol) and pyrrolidine (0.435g, 

6.12 mmol, diluted in 5 ml of dry ethanol). The crude product was purified by column 

chromatography (SiO2, eluent: 50% hexane/50% ethyl acetate), resulting in 0.282 g of pure 2-

chloro-4-methyl-6-(pyrrolidin-1-yl)pyrimidine (yield 39%). 

[As a side product 0.109g of pure 4-chloro-6-methyl-2-(pyrrolidin-1-yl)pyrimidine (yield 15%) 

was obtained.] 
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4-chloro-N-ethyl-6-methylpyrimidin-2-amine (2f). 2f was obtained as a side product from 

synthesis 2a (yield 17%). 

6-chloro-N-ethyl-2-methylpyrimidin-4-amine (2g). 2g was prepared following the general 

procedure A using 4,6-dichloro-2-methylpyrimidine (1.00 g, 6.13 mmol) and ethylamine (2.0 M 

in methanol, 6.12 ml, 12.4 mmol). The crude product (0.95 g, 90% yield) was used without 

purification. 

2-chloro-N-ethylpyrimidin-4-amine (2h). 2h was prepared following the general procedure A 

using 2,4-dichloropyrimidine (3.50 g, 23.5 mmol) and ethylamine (2.0 M in methanol, 23.5 ml, 47 

mmol). The crude product was purified by column chromatography (SiO2, eluent: 50% 

hexane/50% ethyl actetate), resulting in 1.871g of pure 2-chloro-N-ethylpyrimidin-4-amine (yield 

51%). 

[As a side product 0.700 g of pure 4-chloro-N-ethylpyrimidin-2-amine 2i (yield 19%) was 

obtained.] 

4-chloro-N-ethylpyrimidin-2-amine (2i). 2i was obtained in the first step of the synthesis of 2h 

(yield 19%). 

4-chloro-N-isopropyl-6-methylpyrimidin-2-amine (2j). 2j was obtained in the first step of the 

synthesis of 2b (yield 21%). 

tert-butyl 4-(4-(ethylamino)-6-methylpyrimidin-2-yl)piperazine-1-carboxylate (3a). 3a was 

prepared following the general procedure B using 2a (0.86 g, 5.01 mmol) and tert-butyl piperazine-

1-carboxylate (1.826 g, 9.8 mmol), to yield 1,365 g of pure product (yield 85%). 

tert-butyl 4-(4-(ethylamino)-6-methylpyrimidin-2-yl)-1,4-diazepane-1-carboxylate (3b). 3b 

was prepared following the general procedure B using 2a (0.2 g, 1.17 mmol) and tert-butyl 1,4-

diazepane-1-carboxylate (0.467 g, 2.3 mmol), to yield 0.333 g of pure product (yield 85%). 
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tert-butyl 4-(4-(isopropylamino)-6-methylpyrimidin-2-yl)piperazine-1-carboxylate (3c). 3c 

was prepared following the general procedure B using 2b (185 mg, 0.99 mmol) and tert-butyl 

piperazine-1-carboxylate (363 mg, 1.95 mmol), to yield 0.292 g of product (yield 87%).  

tert-butyl 4-(4-(tert-butylamino)-6-methylpyrimidin-2-yl)piperazine-1-carboxylate (3d). 3d 

was prepared following the general procedure B using 2c (170 mg, 0.85 mmol) and tert-butyl 

piperazine-1-carboxylate (310 mg, 1.66 mmol), to yield 0.169 g of product (yield 57%).  

tert-butyl 4-(4-ethoxy-6-methylpyrimidin-2-yl)piperazine-1-carboxylate (3e). 3e was prepared 

following the general procedure B using 2d (150 mg, 0.87 mmol) and tert-butyl piperazine-1-

carboxylate (310 mg, 1.66 mmol), to yield 0.170 g of product (yield 61%).  

tert-butyl 4-(4-methyl-6-(pyrrolidin-1-yl)lpyrimidin-2-yl)piperazine-1-carboxylate (3f). 3f was 

prepared following the general procedure B using 2e (231 mg, 1.17 mmol) and tert-butyl 

piperazine-1-carboxylate (425 mg, 2.28 mmol), to yield 0.305 g of product (yield 75%).  

tert-butyl 4-(2-(ethylamino)-6-methylpyrimidin-4-yl)piperazine-1-carboxylate (3g). 3g was 

prepared following the general procedure B using 2f (304 mg, 1.78 mmol) and tert-butyl 

piperazine-1-carboxylate (646 mg, 3.47 mmol), to yield 0.542 g of product (yield 95%). 

tert-butyl 4-(6-(ethylamino)2-methylpyrimidin-4-yl)piperazine-1-carboxylate (3h). 3h was 

prepared following the general procedure B using 2g (196 mg, 1.14 mmol) and tert-butyl 

piperazine-1-carboxylate (414 mg, 2.22 mmol), to yield 0.203 g of product (yield 55%).  

tert-butyl 4-(4-(ethylamino)pyrimidin-2-yl)piperazine-1-carboxylate (3i). 3i was prepared 

following the general procedure B using 2h (180 mg, 1.14 mmol) and tert-butyl piperazine-1-

carboxylate (440 mg, 2.36 mmol), to yield 0.256 g of product (yield 73%). 
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tert-butyl 4-(2-(ethylamino)pyrimidin-4-yl)piperazine-1-carboxylate (3j). 3j was prepared 

following the general procedure B using 2i (350 mg, 2.22 mmol) and tert-butyl piperazine-1-

carboxylate (809 mg, 4.34 mmol), to yield 0.471 g of product (yield 69%). 

tert-butyl 4-(4-(cyclopropylamino)pyrimidin-2-yl)piperazine-1-carboxylate (3k). 3k was 

prepared following the general procedure B using 2-chloro-N-cyclopropylpyrimidin-4-amine (200 

mg, 1.18 mmol) and tert-butyl piperazine-1-carboxylate (430 mg, 2.31 mmol), to yield 0.193 g of 

product (yield 52%). 

tert-butyl 4-(2-(isopropylamino)-6-methylpyrimidin-4-yl)piperazine-1-carboxylate (3l). 3l was 

prepared following the general procedure B using 2j (250 mg, 1.34 mmol) and tert-butyl 

piperazine-1-carboxylate (491 mg, 2.63 mmol), to yield 0.256 g of product (yield 57%). 

N-ethyl-6-methyl-2-(piperazin-1-yl)pyrimidin-4-amine (4a). 4a was prepared following the 

general procedure C using 3a (870 mg, 2.70 mmol), to yield 0.311 g of product (yield 52%). 

2-(1,4-diazepan-1-yl)-N-ethyl-6-methylpyrimidin-2-amine (4b). 4b was prepared following the 

general procedure C using 3b (311 mg, 0.93 mmol), to yield 0.182 g of product (yield 83%). 

2-(3,4-dihydroquinoxaline-1(2H)-yl)-N-ethyl-6-methylpyrimidin-4-amine (4c). 2a (0.311 g, 

1.81 mmol) and 1,2,3,4-tetrahydroquinoxaline (0.488 g, 3.64 mmol) were suspended in 1.5 ml dry 

ethanol. The mixture was heated to 155 °C for 30 minutes under microwave irradiation (250 Watt, 

12 bars). After the solvent was evaporated, the resulting crude was dissolved in DCM and extracted 

twice with K2CO3 solution (10% in water). The organic layer was washed with water, dried with 

sodium sulphate, filtered, and then evaporated to dryness. The crude product was purified by 

column chromatography (SiO2, eluent: 80% dichloromethane/20% methanol), to obtain 0.379 g of 

product (yield 78%). 
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N-isopropyl-6-methyl-2-(piperazin-1-yl)pyrimidin-4-amine (4d). 4d was prepared following 

the general procedure C using 3c (278 mg, 0.83 mmol), to yield 190 mg of product (yield 97%).  

N-(tert-butyl)-6-methyl-2-(piperazin-1-yl)pyrimidin-4-amine (4e). 4e was prepared following 

the general procedure C using 3d (162 mg, 0.79 mmol), to yield 115 mg of product (yield 99%).  

4-ethoxy-6-methyl-2-(piperazin-1-yl)pyrimidin-4-amine (4f). 4f was prepared following the 

general procedure C using 3e (162 mg, 0.5 mmol), to yield 107 mg of product (yield 96%).  

4-methyl-2-(piperazin-1-yl)-6-(pyrrolidin-1-yl)pyrimidine (4g). 4g was prepared following the 

general procedure C using 3f (305 mg, 0.88 mmol), to yield 107 mg of product (yield 49%).  

N-ethyl-4-methyl-6-(piperazin-1-yl)pyrimidin-2-amine (4h). 4h was prepared following the 

general procedure C using 3g (300 mg, 0.93 mmol), to yield 200 mg of product (yield 97%). 

N-ethyl-2-methyl-6-(piperazin-1-yl)pyrimidin-4-amine (4i). 4i was prepared following the 

general procedure C using 3h (188 mg, 0.58 mmol), to yield 90 mg of product (yield 70%). 

N-ethyl-2-(piperazin-1-yl)pyrimidin-4-amine (4j). 4j was prepared following the general 

procedure C using 3i (244 mg, 0.79 mmol), to yield 110 mg of product (yield 67%). 

N-ethyl-4-(piperazin-1-yl)pyrimidin-2-amine (4k). 4k was prepared following the general 

procedure C using 3j (876 mg, 2.85 mmol), to yield 396 mg of product (yield 67%). 

N-cyclopropyl-2-(piperazin-1-yl)pyrimidin-4-amine (4l). 4l was prepared following the general 

procedure C using 3k (235 mg, 0.74 mmol), to yield 152 mg of product (yield 94%). 

N-isopropyl-4-methyl-6-(piperazin-1-yl)pyrimidin-2-amine (4m). 4m was prepared following 

the general procedure C using 3l (257 mg, 0.76 mmol), to yield 152 mg of product (yield 93%). 

N-ethyl-6-methyl-2-(4-(phenylsulfonyl)piperazin-1-yl)pyrimidin-4-amine (5a). Compound 5a 

was prepared following general procedure D using 4a (100 mg, 0.45 mmol), benzenesulfonyl 

chloride (80 mg, 0.45 mmol) and TEA (46 mg, 0.45 mmol) in DCM. The crude product was 
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purified by recrystallization (DIPE/EtOAc), resulting in 87 mg of pure product (yield 53%). Mp 

120.3−124.4 °C. Ret. Time 13.80 min, purity 99.2%. HRESIMS m/z 362.1655 [M+H]+ (calcd for 

C17H24N5O2S+, 362.1654, Δ = -2.8 ppm). 1H NMR (500 MHz, d6DMSO) δ = 1.05 (t, 3H, CH3), 

2.00 (s, 3H, pyr-CH3), 2.87 (m, 4H, pip-H3,5), 3.18 (br, 2H, NCH2), 3.73 (m, 4H, pip-H2,6), 5.58 

(s, 1H, pyr-H), 6.83 (br, 1H, NH), 7.64 (t, 2H, Ph-H3,5), 7.72 (m, 1H, Ph -H4), 7.74 (m, 2H, Ph-

H2,6); 13C NMR (125 MHz, d6DMSO) δ = 14.61 (CH3), 23.71 (pyr-CH3), 34.79 (NCH2), 42.48 

(pip-C2,6), 45.81 (pip- C3,5), 127.60 (Ph -C2,6), 129.46 (Ph -C3,5), 129.46 (pyr-C5), 133.35 (Ph 

-C4), 134.63 (Ph -C1), 160.65 (pyr-C2), 162.93 (pyr-C6), 174.29 (pyr-C4).  

2-(4-((4-chlorophenyl)sulfonyl)piperazin-1-yl)-N-ethyl-6-methylpyrimidin-4-amine (5b). 

Compound 5b was prepared following general procedure D using 4a (100 mg, 0.45 mmol), 4-

chlorobenzenesulfonyl chloride (95 mg, 0.45 mmol) and TEA (46 mg, 0.45 mmol) in DCM. The 

crude product was purified by recrystallization (Hexane/EtOAc), resulting in 58 mg of pure 

product (yield 33%). Mp 132.0−133.6 °C. Ret. Time 15.28 min, purity 99.2%. HRESIMS m/z 

396.1267 [M+H]+ (calcd for C17H23ClN5O2S+, 396.1256, Δ = -2.8 ppm). 1H NMR (500 MHz, 

d6DMSO) δ = 1.05 (t, 3H, CH3), 2.00 (s, 3H, pyr-CH3), 2.90 (m, 4H, pip-H3,5), 3.18 (br, 2H, 

NCH2), 3.74 (m, 4H, pip-H2,6), 5.59 (s, 1H, pyr-H), 6.84 (br, 1H, NH), 7.71 (m, 2H, Ph-H2,6), 

7.75 (m, 2H, Ph-H3,5); 13C NMR (125 MHz, d6DMSO) δ = 14.61 (CH3), 23.70 (pyr-CH3), 34.53 

(NCH2), 42.43 (pip-C2,6), 45.75 (pip-C3,5), 129.50 (Ph-C3,5), 129.61 (Ph-C2,6), 129.61 (pyr-

C5), 133.67 (Ph-C4), 138.30 (Ph-C1), 160.62 (pyr-C2), 162.93 (pyr-C6), 174.83 (pyr-C4).  

2-(4-((4-bromophenyl)sulfonyl)piperazin-1-yl)-N-ethyl-6-methylpyrimidin-4-amine (5c). 

Compound 5c was prepared following general procedure D using 4a (100 mg, 0.45 mmol), 4-

bromobenzenesulfonyl chloride (115 mg, 0.45 mmol) and TEA (46 mg, 0.45 mmol) in DCM. The 

crude product was purified by recrystallization (DIPE/EtOAc), resulting in 62 mg of pure product 
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(yield 31%). Mp 147.2 °C. Ret. time 15.54 min, purity 99.3%. HRESIMS m/z 440.0763 [M+H]+ 

(calcd for C17H23BrN5O2S+, 440.0750, Δ = -2.8 ppm). 1H NMR (500 MHz, d6DMSO) δc= 1.06 (t, 

3H, CH3), 2.01 (s, 3H, pyr-CH3), 2.90 (m, 4H, pip-H3,5), 3.19 (br, 2H, NCH2), 3.74 (m, 4H, pip-

H2,6), 5.59 (s, 1H, pyr-H), 6.85 (br, 1H, NH), 7.67 (m, 2H, Ph-H2,6), 7.84 (m, 2H, Ph-H3,5); 13C 

NMR (125 MHz, d6DMSO) δ = 14.60 (CH3), 23.71 (pyr-CH3), 34.50 (NCH2), 42.45 (pip-C2,6), 

45.73 (pip-C3,5), 127.36 (Ph-C4), 129.55 (Ph-C2,6), 132.55 (Ph-C3,5), 134.09 (Ph-C1), 160.72 

(pyr-C2), 162.94 (pyr-C4), 174.31(pyr-C6), n.d. (pyr-C5). 

N-ethyl-2-(4-((4-iodophenyl)sulfonyl)piperazin-1-yl)-6-methylpyrimidin-4-amine (5d). 

Compound 5d was prepared following general procedure D using 4a (70 mg, 0.32 mmol), 4-

iodobenzenesulfonyl chloride (96 mg, 0.32 mmol) and TEA (32 mg, 0.32 mmol) in DCM. The 

crude product was purified by recrystallization (DIPE/EtOAc), resulting in 73 mg of pure product 

(yield 47%). Mp 159.4−160.4 °C. Ret. time 15.97 min, purity 99.0%. HRESIMS m/z 488.0625 

[M+H]+ (calcd for C17H23IN5O2S+, 488.0612, Δ = -2.7 ppm). 1H NMR (500 MHz, d6DMSO) δ = 

1.05 (t, 3H, CH3),  2.01 (s, 3H, pyr-CH3), 2.88 (m, 4H, pip-H3,5), 3.18 (br, 2H, NCH2), 3.74 (m, 

4H, pip-H2,6), 5.59 (s, 1H, pyr-H), 6.84 (br, 1H, NH), 7.49 (m, 2H, Ph-H2,6), 8.01 (m, 2H, Ph-

H3,5); 13C NMR (125 MHz, d6DMSO) δ = 14.61 (CH3), 23.72 (pyr-CH3), 34.52 (NCH2), 42.44 

(pip-2,6), 45.76 (pip-C3,5), 94.17 (pyr-C5), 101.87 (Ph-C4), 129.19 (Ph-C2,6), 134.38 (Ph-C1), 

138.33 (Ph-C3,5), 160.62 (pyr-C2), 162.92 (pyr-C6), 174.34 (pyr-C4). 

N-ethyl-6-methyl-2-(4-((4-trifluoromethyl)phenyl)sulfonyl)piperazin-1-yl)pyrimidin-4-amine 

(5e). Compound 5e was prepared following general procedure D using 4a (100 mg, 0.45 mmol), 

4-(trifluoromethyl)-benzenesulfonyl chlorid (115 mg, 0.47 mmol) and TEA (46 mg, 0.45 mmol) 

in DCM. The crude product was purified by recrystallization (DIPE/EtOAc), resulting in 62 mg 

of pure product (yield 32%). Mp 169.6−172.6 °C. Ret. time 16.13 min, purity 99.3%. HRESIMS 
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m/z 430.1528 [M+H]+ (calcd for C18H23F3N5O2S+, 430.1519, Δ = -2.2 ppm). 1H NMR (500 MHz, 

d6DMSO) δ= 1.05 (t, 3H, CH3),  2.00 (s, 3H, pyr-CH3), 2.95 (m, 4H, pip-H3,5), 3.18 (br, 2H, 

NCH2), 3.75 (m, 4H, pip-H2,6), 5.58 (s, 1H, pyr-H), 6.84 (br, 1H, NH), 7.96 (m, 2H, Ph-H2,6), 

8.02 (m, 2H, Ph-H3,5); 13C NMR (125 MHz, d6DMSO) δ = 14.61 (CH3), 23.71 (pyr-CH3), 34.54 

(NCH2), 42.43 (pip-2,6), 45.75 (pip-C3,5), 123.43 (3J(13C,19F) = 271.3 Hz, CF3), 126.67 

(3J(13C,19F) = 3.6 Hz, Ph-C3,5), 128.56 (Ph-C2,6), 129.65 (pyr-C5), 132.86 (3J(13C,19F) = 32.0 Hz, 

Ph-C4), 138.93 (Ph-C1), 160.59 (pyr-C2), 162.92 (pyr-C6), 173.33 (pyr-C4). 19F NMR (400 MHz, 

d6DMSO) δ = -61.65 (CF3). 

N-ethyl-6-methyl-2-(4-((4-nitrophenyl)sulfonyl)piperazin-1-yl)pyrimidin-4-amine (5f). 

Compound 5f was prepared following general procedure D using 4a (200 mg, 0.9 mmol), 4-

nitrobenzenesulfonyl chloride (200 mg, 0.9 mmol) and TEA (92 mg, 0.9 mmol) in DCM. The 

crude product was purified by recrystallization (DIPE/EtOAc), resulting in 177 mg of pure product 

(yield 48%). Mp 172 °C. Ret. time 14.60 min, purity 96.2%. HRESIMS m/z 407.1503 [M+H]+ 

(calcd for C17H23N6O4S+, 407.1496, Δ = -1.7 ppm). 1H NMR (500 MHz, d6DMSO) δ = 1.04 (t, 

3H, CH3),  1.99 (s, 3H, pyr-CH3), 2.96 (m, 4H, pip-H3,5), 3.17 (br, 2H, NCH2), 3.75 (m, 4H, pip-

H2,6), 5.58 (s, 1H, pyr-H), 6.83 (br, 1H, NH), 8.01 (m, 2H, Ph-H2,6), 8.42 (m, 2H, Ph-H3,5); 13C 

NMR (125 MHz, d6DMSO) δ = 14.66 (CH3), 23.73 (pyr-CH3), 34.61 (NCH2), 42.49 (pip-C2,6), 

45.77 (pip-C3,5), 124.80 (Ph-C3,5), 129.19 (Ph-C2,6), 140.54 (Ph-C1), 150.18 (Ph-C4), 160.61 

(pyr-C2), 162.99 (pyr-C6), 170.56 (pyr-C4), n.d. (pyr-C5). 

4-((4-(4-(ethylamino)-6-methylpyrimidin-2-yl)piperazin-1-yl)sulfonyl)benzonitrile (5g). 

Compound 5g was prepared following general procedure D using 4a (100 mg, 0.45 mmol), 4-

cyanobenzenesulfonyl chloride (91 mg, 0.45 mmol) and TEA (46 mg, 0.45 mmol) in DCM. The 

crude product was purified by recrystallization (DIPE/EtOAc), resulting in 36 mg of pure product 



S18 

 

(yield 21%). Mp 180 °C. Ret. time 13.88 min, purity 97.6%. HRESIMS m/z 387.1607 [M+H]+ 

(calcd for C18H23N6O2S+, 387.1607, Δ = -2.5 ppm).  1H NMR (500 MHz, d6DMSO) δ = 1.05 (t, 

3H, CH3),  2.01 (s, 3H, pyr-CH3), 2.95 (m, 4H, pip-H3,5), 3.19 (br, 2H, NCH2), 3.75 (m, 4H, pip-

H2,6), 5.59 (s, 1H, pyr-H), 6.85 (br, 1H, NH), 7.92 (m, 2H, Ph-H3,5), 8.11 (m, 2H, Ph-H2,6); 13C 

NMR (125 MHz, d6DMSO) δ = 14.59 (CH3), 23.70 (pyr-CH3), 34.61 (NCH2), 42.47 (pip-C2,6), 

45.70 (pip-C3,5), 94.45 (pyr-C5), 115.73 (Ph-C1), 117.65 (CN), 128.28 (Ph-C3,5), 133.61 (Ph-

C2,6), 139.13 (Ph-C4), 160.50 (pyr-C2), 162.89 (pyr-C6), 174.30 (pyr-C4). 

N-ethyl-2-(4-((4-methoxyphenyl)sulfonyl)piperazin-1-yl)-6-methylpyrimidin-4-amine (5h). 

Compound 5h was prepared following general procedure D using 4a (100 mg, 0.45 mmol), 4-

methoxybenzenesulfonyl chloride (93 mg, 0.45 mmol) and TEA (46 mg, 0.45 mmol) in DCM. 

The crude product was purified by recrystallization (DIPE/EtOAc), resulting in 32 mg of pure 

product (yield 18%). Mp 183.2-194.0 °C. Ret. time 14.24 min, purity 95.5%. HRESIMS m/z 

392.1760 [M+H]+ (calcd for C18H26N5O3S+, 392.1751, Δ = -2.3 ppm). 1H NMR (500 MHz, 

d6DMSO) δ = 1.09 (t, 3H, CH3),  2.18 (s, 3H, pyr-CH3), 2.97 (m, 4H, pip-H3,5), 3.32 (br, 2H, 

NCH2), 3.82 (m, 4H, pip-H2,6), 3.84 (s, 3H, OCH3), 5.85 (s, 1H, pyr-H), 7.16 (m, 2H, Ph-H3,5), 

7.69 (m, 2H, Ph-H2,6), n.d. (NH); 13C NMR (125 MHz, d6DMSO) δ = 14.00 (CH3), 22.81 (pyr-

CH3), 35.30 (NCH2), 43.60 (pip-C2,6), 45.27 (pip-C3,5), 55.76 (OCH3), 96.43 (pyr-C5), 114.66 

(Ph-C3,5), 126.00 (Ph-C1), 129.89 (Ph-C2,6), 162.94 (Ph-C4), n.d. (pyr-C2), n.d. (pyr-C4), n.d. 

(pyr-C6). 

N-ethyl-6-methyl-2-(4-tosylpiperazin-1-yl)pyrimidin-4-amine (5i). Compound 5i was prepared 

following general procedure D using 4a (100 mg, 0.45 mmol), 4-methylbenzenesulfonyl chloride 

(86 mg, 0.45 mmol) and TEA (46 mg, 0.45 mmol) in DCM. The crude product was purified by 

recrystallization (DIPE/EtOAc), resulting in 87 mg of pure product (yield 51%). Mp 170.6−171.9 
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°C. Ret. time 14.76 min, purity 95.5%. HRESIMS m/z 376.1807 [M+H]+ (calcd for C18H26N5O2S+, 

376.1802, Δ = -1.5 ppm).  1H NMR (500 MHz, d6DMSO) δ = 1.05 (t, 3H, CH3),  2.00 (s, 3H, pyr-

CH3), 2.39 (s, 3H, Ph-CH3), 2.83 (m, 4H, pip-H3,5), 3.18 (br, 2H, NCH2), 3.73 (m, 4H, pip-H2,6), 

5.58 (s, 1H, pyr-H), 6.84 (br, 1H, NH), 7.44 (m, 2H, Ph-H3,5), 7.62 (m, 2H, Ph-H2,6); 13C NMR 

(125 MHz, d6DMSO) δ = 14.60 (CH3), 21.03 (Ph-CH3),  23.70 (pyr-CH3), 34.64 (NCH2), 42.46 

(pip-2,6), 45.76 (pip-C3,5), 94.12 (pyr-C5), 127.65 (ph-C2,6), 129.88 (Ph-C3,5), 131.67 (Ph-C1), 

143.78 (Ph-C4), 160.61 (pyr-C2), 162,92 (pyr-C6), n.d. (pyr-C4). 

N-ethyl-2-(4-((2-fluorophenyl)sulfonyl)piperazin-1-yl)-6-methylpyrimidin-4-amine (5j). 

Compound 5j was prepared following general procedure D using 4a (100 mg, 0.45 mmol), 2-

fluorobenzenesulfonyl chloride (88 mg, 0.45 mmol) and TEA (46 mg, 0.45 mmol) in DCM. The 

crude product was purified by recrystallization (DIPE/EtOAc), resulting in 22 mg of pure product 

(yield 13%). Mp 170.6−171.9 °C. Ret. time 14.12 min, purity 98.1%. HRESIMS m/z 380.1559 

[M+H]+ (calcd for C17H23FN5O2S+, 380.1551, Δ = -2.2 ppm). 1H NMR (500 MHz, d6DMSO) δ = 

1.06 (t, 3H, CH3),  2.02 (s, 3H, pyr-CH3), 3.05 (m, 4H, pip-H3,5), 3.19 (br, 2H, NCH2), 3.74 (m, 

4H, pip-H2,6), 5.60 (s, 1H, pyr-H), 6.84 (br, 1H, NH), 7.43 (m, 1H, Ph-H5), 7.48 (m, 1H, Ph-H3), 

7.76 (m, 1H, Ph-H4), 7.78 (m, 1H, Ph-H6); 13C NMR (125 MHz, d6DMSO) δ = 14.61 (CH3), 23.71 

(pyr-CH3), 34.53 (NCH2), 42.72 (pip-C2,6), 45.43 (pip-C3,5), 94.24 (pyr-C5), 117.69 (3J(13C,19F) 

= 21.6 Hz, Ph-C3), 123.64 (3J(13C,19F) = 14.4 Hz, Ph-C1), 125.26 (3J(13C,19F) = 3.4 Hz, Ph-C5), 

130.98 (Ph-C6), 136.15 (3J(13C,19F) = 8.7 Hz, Ph-C4), 158.26 (3J(13C,19F) = 252.6 Hz, Ph-C2), 

160.73 (pyr-C2), 162.94 (pyr-C6), n.d. (pyr-C4); 19F NMR (400 MHz, d6DMSO) δ = -108.23 (Ph-

F).  

N-ethyl-2-(4-((3-fluorophenyl)sulfonyl)piperazin-1-yl)-6-methylpyrimidin-4-amine (5k). 

Compound 5k was prepared following general procedure D using 4a (100 mg, 0.45 mmol), 3-
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fluorobenzenesulfonyl chloride (88 mg, 0.45 mmol) and TEA (46 mg, 0.45 mmol) in DCM. The 

crude product was purified by recrystallization (DIPE/EtOAc), resulting in 62 mg of pure product 

(yield 36%). Mp 131.3−132.9 °C. Ret. time 14.45 min, purity 97.2%. HRESIMS m/z 380.1560 

[M+H]+ (calcd for C17H23FN5O2S+, 380.1551, Δ = -2.5 ppm). 1H NMR (500 MHz, d6DMSO) δ = 

1.06 (t, 3H, CH3),  2.01 (s, 3H, pyr-CH3), 2.93 (m, 4H, pip-H3,5), 3.19 (br, 2H, NCH2), 3.74 (m, 

4H, pip-H2,6), 5.59 (s, 1H, pyr-H), 6.85 (br, 1H, NH), 7.58 (m, 1H, Ph-H2), 7.60 (m, 1H, Ph-H4), 

7.60 (m, 1H, Ph-H6), 7.70 (m, 1H, Ph-H5); 13C NMR (125 MHz, d6DMSO) δ = 14.59 (CH3), 23.69 

(pyr-CH3), 34.54 (NCH2), 42.46 (pip-C2,6), 45.80 (pip-C3,5), 94.35 (pyr-C5), 114.63 (3J(13C,19F) 

= 24.1 Hz, Ph-C2), 120.55 (3J(13C,19F) = 21.2 Hz, Ph-C4), 123.84 (3J(13C,19F) = 2.5 Hz, Ph-C6), 

131.85 (3J(13C,19F) = 8.0 Hz, Ph-C5), 136.90 (3J(13C,19F) = 6.3 Hz, Ph-C1), 160.60 (pyr-C2), 

161.87 (3J(13C,19F) = 248.0 Hz, Ph-C3), 163.24 (pyr-C6), n.d. (pyr-C4); 19F NMR (400 MHz, 

d6DMSO) δ = -110.01 (Ph-F).  

2-(4-((3,4-difluorophenyl)sulfonyl)piperazin-1-yl)-N-ethyl-6-methylpyrimidin-4-amine (5l).  

Compound 5l was prepared following general procedure D using 4a (100 mg, 0.45 mmol), 3,4-

difluorobenzenesulfonyl chloride (96 mg, 0.45 mmol) and TEA (46 mg, 0.45 mmol) in DCM. The 

crude product was purified by recrystallization (DIPE/EtOAc), resulting in 71 mg of pure product 

(yield 40%). Mp 108.8 °C.  Ret. time 14.86 min, purity 98.1%. HRESIMS m/z 398.1464 [M+H]+ 

(calcd for C17H22F2N5O2S+, 398.1457, Δ = -1.8 ppm). 1H NMR (500 MHz, d6DMSO) δ = 1.06 (t, 

3H, CH3),  2.03 (s, 3H, pyr-CH3), 2.95 (m, 4H, pip-H3,5), 3.21 (br, 2H, NCH2), 3.76 (m, 4H, pip-

H2,6), 5.62 (s, 1H, pyr-H), 6.90 (br, 1H, NH), 7.63 (m, 1H, Ph-H6), 7.71 (dt, 1H, J = 26.5 Hz, Ph-

H5), 7.86 (ddd, 1H, J = 19.3 Hz, Ph-H2); 13C NMR (125 MHz, d6DMSO) δ = 14.59 (CH3), 23.51 

(pyr-CH3), 34.75 (NCH2), 42.59 (pip-C2,6), 45.77 (pip-C3,5), 94.60 (pyr-C5), 117.63 (d, 

3J(13C,19F) = 19.6 Hz, Ph-C2), 118.96 (d, 3J(13C,19F) = 18.3 Hz, Ph-C5), 125.62 (dd, 3J(13C,19F) = 
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8.0 Hz, 3.5 Hz, Ph-C6), 132.05 (dd, 3J(13C,19F) = 4.8 Hz, 3.5 Hz, Ph-C1), 149.55 (dd, 3J(13C,19F) 

= 250.2 Hz, 13.2 Hz, Ph-C3), 152.62 (dd, 3J(13C,19F) = 252.5 Hz, 12.3 Hz, Ph-C4), n.d. (pyr-C4), 

n.d. (pyr-C6), n.d. (pyr-C2); 19F NMR (400 MHz, d6DMSO) δ = -130.60 (d, 21.8 HZ, Ph-F), -

134.72 (d, 21.8 Hz, Ph-F).  

2-(4-((2,4-difluorophenyl)sulfonyl)piperazin-1-yl)-N-ethyl-6-methylpyrimidin-4-amine (5m). 

Compound 5m was prepared following general procedure D using 4a (100 mg, 0.45 mmol), 2,4-

difluorobenzenesulfonyl chloride (96 mg, 0.45 mmol) and TEA (46 mg, 0.45 mmol) in DCM. The 

crude product was purified by recrystallization (DIPE/EtOAc), resulting in 63 mg of pure product 

(yield 35%). Mp 134.2 °C. Ret. time 14.49 min, purity 98.5%. HRESIMS m/z 398.1465 [M+H]+ 

(calcd for C17H22F2N5O2S+, 398.1457, Δ = -2.2 ppm). 1H NMR (500 MHz, d6DMSO) δ = 1.06 (t, 

3H, CH3),  2.02 (s, 3H, pyr-CH3), 3.05 (m, 4H, pip-H3,5), 3.20 (br, 2H, NCH2), 3.75 (m, 4H, pip-

H2,6), 5.60 (s, 1H, pyr-H), 6.85 (br, 1H, NH), 7.33 (dt, 1H, J = 19.3 Hz, Ph-H5), 7.59 (ddd, 1H, J 

= 22.3 Hz, Ph-H3), 7.85 (dt, 1H, J = 23.3 Hz, Ph-H6); 13C NMR (125 MHz, d6DMSO) δ = 14.61 

(CH3), 23.72 (pyr-CH3), 34.47 (NCH2), 42.67 (pip-C2,6), 45.38 (pip-C3,5), 94.30 (pyr-C5), 

106.42 (t, 3J(13C,19F) = 26.4 Hz, Ph-C3), 112.69 (dd, 3J(13C,19F) = 25.3 Hz, Ph-C5), 120.47 (dd, 

3J(13C,19F) = 18.1 Hz, Ph-C1), 133.06 (d, 3J(13C,19F) = 11.1 Hz, Ph-C6), 159.19 (dd, 3J(13C,19F) = 

268.8 Hz, Ph-C2), 160.70 (pyr-C2), 162.94 (pyr-C6), 165.29 (dd, 3J(13C,19F) = 265 Hz, Ph-C4), 

n.d. (pyr-C4); 19F NMR (400 MHz, d6DMSO) δ = -100.98 (d, 12.5 HZ, Ph-F4), -102.98 (d, 12.5 

Hz, Ph-F2).  

N-ethyl-6-methyl-2-(4-((3,4,5-trifluorophenyl)sulfonyl)piperazin-1-yl)pyrimidin-4-amine 

(5n). Compound 5n was prepared following general procedure D using 4a (100 mg, 0.45 mmol), 

3,4,5-trifluorobenzenesulfonyl chloride (105 mg, 0.46 mmol) and TEA (46 mg, 0.45 mmol) in 

DCM. The crude product was purified by recrystallization (DIPE/EtOAc), resulting in 72 mg of 
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pure product (yield 39%). Mp 112.1 °C. Ret. time 15.52 min, purity 96.7%. HRESIMS m/z 

416.1374 [M+H]+ (calcd for C17H21F3N5O2S+, 416.1363, Δ = -2.7 ppm). 1H NMR (500 MHz, 

d6DMSO) δ = 1.06 (t, 3H, J = 7.2 Hz, CH3),  2.01 (s, 3H, pyr-CH3), 2.98 (m, 4H, pip-H3,5), 3.19 

(br, 2H, NCH2), 3.76 (m, 4H, pip-H2,6), 5.59 (s, 1H, pyr-H), 6.84 (br, 1H, NH), 7.76 (t, 2H, J = 

6.5 Hz,  Ph-H2,6); 13C NMR (125 MHz, d6DMSO) δ = 14.62 (CH3), 23.69 (pyr-CH3), 34.66 

(NCH2), 42.30 (pip-C2,6), 45.80 (pip-C3,5), 94.38 (pyr-C5), 113.31 (dd, 3J(13C,19F) = 23.8 Hz, 

Ph-C2,6), 131.32 (Ph-C1), 142.26 (dt, 3J(13C,19F) = 284.9 Hz, Ph-C4), 150.45 (dd, 3J(13C,19F) = 

262.6 Hz, Ph-C3,5), 160.50 (pyr-C2), 162.93 (pyr-C6), n.d. (pyr-C4); 19F NMR (400 MHz, 

d6DMSO) δ = -131.07 (d, 21.2 HZ, Ph-F3,5), -153.14 (d, 21.2 Hz, Ph-F4).  

N-ethyl-6-methyl-2-(4-((2,3,4-trifluorophenyl)sulfonyl)piperazin-1-yl)pyrimidin-4-amine 

(5o). Compound 5o was prepared following general procedure D using 4a (100 mg, 0.45 mmol), 

2,3,4-trifluorobenzenesulfonyl chloride (105 mg, 0.46 mmol) and TEA (46 mg, 0.45 mmol) in 

DCM. The crude product was purified by recrystallization (DIPE/EtOAc), resulting in 78 mg of 

pure product (yield 42%). Mp 142.7 °C. Ret. time 15.31 min, purity 98.2%. HRESIMS m/z 

416.1373 [M+H]+ (calcd for C17H21F3N5O2S+, 416.1363, Δ = -2.5 ppm). 1H NMR (500 MHz, 

d6DMSO) δ = 1.06 (t, 3H, CH3),  2.02 (s, 3H, pyr-CH3), 3.08 (m, 4H, pip-H3,5), 3.20 (br, 2H, 

NCH2), 3.77 (m, 4H, pip-H2,6), 5.60 (s, 1H, pyr-H), 6.84 (br, 1H, NH), 7.54 (m, 1H, Ph-H5), 7.63 

(m, 1H, Ph-H6); 13C NMR (125 MHz, d6DMSO) δ = 14.63 (CH3), 23.72 (pyr-CH3), 35.00 (NCH2), 

42.54 (pip-C2,6), 45.32 (pip-C3,5), 113.37 (Ph-C5), 121.60 (Ph-C1), 125.66 (Ph-C6), 140.03 (d, 

3J(13C,19F) = 252.2 Hz, Ph-C3), 147.77 (d, 3J(13C,19F) = 250.3 Hz, Ph-C2), 153.44 (d, 3J(13C,19F) 

= 253.2 Hz, Ph-C4), 160.61 (pyr-C2), 162.94 (pyr-C6), 174.20 (pyr-C4), n.d. (pyr-C5); 19F NMR 

(400 MHz, d6DMSO) δ = -125.97 (Ph-F), -129.01 (Ph-F), -156.91 (Ph-F). 
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N-ethyl-6-methyl-2-(4-((2,4,6-trifluorophenyl)sulfonyl)piperazin-1-yl)pyrimidin-4-amine 

(5p). Compound 5p was prepared following general procedure D using 4a (100 mg, 0.45 mmol), 

2,3,4-trifluorobenzenesulfonyl chloride (100 mg, 0.45 mmol) and TEA (46 mg, 0.45 mmol) in 

DCM. The crude product was purified by column chromatography (dichloromethane/20% 

methanol), resulting in 85 mg of pure product (yield 45%). Mp 140.3 °C. Ret. time 13.16 min, 

purity 96.5%. HRESIMS m/z 416.1364 [M+H]+ (calcd for C17H21F3N5O2S+, 416.1363, Δ = -0.4 

ppm). 1H NMR (500 MHz, d6DMSO) δ = 1.07 (t, 3H, CH3),  2.02 (s, 3H, pyr-CH3), 3.12 (m, 4H, 

pip-H3,5), 3.20 (br, 2H, NCH2), 3.77 (m, 4H, pip-H2,6), 5.61 (s, 1H, pyr-H), 6.85 (br, 1H, NH), 

7.47 (m, 1H, Ph-H3,5); 13C NMR (125 MHz, d6DMSO) δ = 14.64 (CH3), 23.73 (pyr-CH3), 34.61 

(NCH2), 42.59 (pip-C2,6), 45.14 (pip-C3,5), 94.47 (pyr-C5), 102.97 (t, 3J(13C,19F) = 28.4 Hz, Ph-

C3,5), 110.78 (Ph-C1), 160.07 (ddd, 3J(13C,19F) = 255.8, 16.6 and 7.4 Hz, Ph-C2,6), 160.70 (pyr-

C2), 162.97 (pyr-C4), 163.31 (pyr-C6), 164.93 (dt, 3J(13C,19F) = 250.4, 15.7 and 15.7 Hz, Ph-C4); 

19F NMR (400 MHz, d6DMSO) δ = -101.84 (t, 10.6 Hz, Ph-F2,6), -98.90 (m, Ph-F4). 

N-ethyl-6-methyl-2-(4-((perfluorophenyl)sulfonyl)piperazin-1-yl)pyrimidin-4-amine (5q). 

Compound 5q was prepared following general procedure D using 4a (100 mg, 0.45 mmol), 

pentafluorobenzenesulfonyl chloride (120 mg, 0.45 mmol) and TEA (46 mg, 0.45 mmol) in DCM. 

The crude product was purified by recrystallization (DIPE/EtOAc), resulting in 33 mg of pure 

product (yield 16%). Mp 175.2−177.5 °C. Ret. time 16.15 min, purity 97.4%. HRESIMS m/z 

452.1189 [M+H]+ (calcd for C17H19F5N5O2S+, 452.1174, Δ = -3.3 ppm). 1H NMR (500 MHz, 

d6DMSO) δ = 1.07 (t, 3H, CH3),  2.03 (s, 3H, pyr-CH3), 3.18 (m, 4H, pip-H3,5), 3.21 (br, 2H, 

NCH2), 3.81 (m, 4H, pip-H2,6), 5.61 (s, 1H, pyr-H), 6.85 (br, 1H, NH); 13C NMR (125 MHz, 

d6DMSO) δ = 14.67 (CH3), 23.71 (pyr-CH3), 34.64 (NCH2), 42.45 (pip-C2,6), 45.15 (pip-C3,5), 

160.63 (pyr-C2), 163.05 (pyr-C6), n.d. (pyr-C4), n.d. (pyr-C5), n.d. (Ph-C1), n.d. (Ph-C2), n.d. 



S24 

 

(Ph-C3), n.d. (Ph-C4), n.d. (Ph-C5), n.d. (Ph-C6); 19F NMR (400 MHz, d6DMSO) δ = -135.43 (d, 

J = 18.9 Hz, F-2, F6), -146.86 (t, J = 22.3 Hz, F-4), -159.44 (dd, J = 22.3 and 18.9 Hz, F-3, F-5). 

2-(4-((3,4-dichlorophenyl)sulfonyl)piperazin-1-yl)-N-ethyl-6-methylpyrimidin-4-amine (5r). 

Compound 5r was prepared following general procedure D using 4a (100 mg, 0.45 mmol), 3,4-

dichlorobenzoyl chloride (94 mg, 0.45 mmol) and TEA (46 mg, 0.45 mmol) in DCM. The crude 

product was purified by recrystallization (DIPE/EtOAc), resulting in 70 mg of pure product (yield 

36%). Mp 116.5 °C. Ret. time 13.14 min, purity 90.8%. HRESIMS m/z 430.0870 [M+H]+ (calcd 

for C17H22Cl2N5O2S+, 430.0866, Δ = -0.9 ppm). 1H NMR (500 MHz, d6DMSO) δ = 1.06 (t, 3H, 

CH3),  2.02 (s, 3H, pyr-CH3), 2.97 (m, 4H, pip-H3,5), 3.19 (br, 2H, NCH2), 3.76 (m, 4H, pip-

H2,6), 5.60 (s, 1H, pyr-H), 6.84 (br, 1H, NH), 7.71 (dd, 8.4 and 2.1 Hz, 1H, Ph-H6), 7.90 (d, 8.4 

Hz, 1H, Ph-H5), 7.94 (d, 2.1 Hz, 1H, Ph-H2); 13C NMR (125 MHz, d6DMSO) δ = 14.59 (CH3), 

23.70 (pyr-CH3), 35.43 (NCH2), 42.43 (pip-C2,6), 45.72 (pip-C3,5), 127.65 (Ph-C6), 129.20 (Ph-

C2), 131.84 (Ph-C5), 132.55 (Ph-C2), 135.32 (Ph-C3), 136.55 (Ph-C4), n.d. (pyr-C2),  n.d. (pyr-

C4), n.d. (pyr-C5), n.d. (pyr-C6). 

2-(4-((4-aminophenyl)sulfonyl)piperazin-1-yl)-N-ethyl-6-methylpyrimidin-4-amine (5s). 

Compound 5f (200 mg, 0.49 mmol) and tin (II) chloride dihydrate (800 mg, 3.55 mmol) were 

dissolved in EtOAc and heated to 80 °C for 48 h under reflux. The mixture was diluted in ethyl 

acetate and extracted with saturated sodium hydrogen carbonate solution. The organic layer dried 

over sodium sulphate, filtered and concentrated in vacuum. The crude product was purified by 

recrystallization (DIPE/EtOAc), resulting in 122 mg of pure product (yield 66%). Mp 159.8 °C. 

Ret. time 12.19 min, purity 95.2%. HRESIMS m/z 377.1762 [M+H]+ (calcd for C17H25N6O2S+, 

377.1754, Δ = -2.0 ppm). 1H NMR (500 MHz, d6DMSO) δ = 1.06 (t, 3H, CH3),  2.01 (s, 3H, pyr-

CH3), 2.77 (m, 4H, pip-H3,5), 3.19 (br, 2H, NCH2), 3.71 (m, 4H, pip-H2,6), 5.58 (s, 1H, pyr-H), 
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6.08 (s, 2H, NH2), 6.62 (m, 2H, Ph-H3,5), 6.82 (br, 1H, NH), 7.34 (m, 2H, Ph-H2,6); 13C NMR 

(125 MHz, d6DMSO) δ =  14.61 (CH3), 23.74 (pyr-CH3), 34.57 (NCH2), 42.47 (pip-C2,6), 45.79 

(pip-C3,5), 93.99 (pyr-C5), 112.64 (Ph-C3,5), 118.94 (Ph-C1), 129.64 (Ph-C2,6), 153.26 (Ph-C4), 

160.71 (pyr-C2), 162.93 (pyr-C6), n.d. (pyr-C4). 

(4-(4-(ethylamino)-6-methylpyrimidin-2-yl)piperazin-1-yl)(4-fluorophenyl)methanone (6a). 

Compound 6a was prepared following general procedure D using 4a (120 mg, 0.54 mmol), 4-

fluorobenzoyl chloride (86 mg, 0.54 mmol) and TEA (55 mg, 0.54 mmol) in DCM. The crude 

product was purified by recrystallization (DIPE/EtOAc), resulting in 90 mg of pure product (yield 

49%). Mp 131.6−134.2 °C. Ret. time 12.39 min, purity 98.4%. HRESIMS m/z 344.1891 [M+H]+ 

(calcd for C18H23FN5O+, 344.1881, Δ = -2.8 ppm). 1H NMR (500 MHz, d6DMSO) δ = 1.08 (t, 3H, 

CH3),  2.05 (s, 3H, pyr-CH3), 3.22 (br, 2H, NCH2), 3.68 (br, 4H, pip-H3,5), 3.68 (br, 4H, pip-

H2,6), 5.63 (s, 1H, pyr-H), 6.84 (br, 2H, NH2), 7.29 (m, 2H, Ph-H3,5), 7.50 (m, 2H, Ph-H2,6); 13C 

NMR (125 MHz, d6DMSO) δ =  14.67 (CH3), 23.78 (pyr-CH3), 34.65 (NCH2), 43.36 (pip-C2,6), 

43.36 (pip-C3,5), 94.21 (pyr-C5), 115.39 (3J(13C,19F) = 21.2 Hz, Ph-C3,5), 129.66 (3J(13C,19F) = 

8.6 Hz, Ph-C2,6), 132.32 (3J(13C,19F) = 3.2 Hz, Ph-C1), 161.07 (pyr-C2), 162.54 (3J(13C,19F) = 

244.9 Hz, Ph-C4), 162.96 (pyr-C6), 168.25 (amide-C), n.d. (pyr-C4); 19F NMR (400 MHz, 

d6DMSO) δ = -111.17 (Ph-F).  

N-ethyl-2-(4-(4-fluorobenzyl)piperazin-1-yl)-6-methylpyrimidin-4-amine (6b). Compound 6b 

was prepared following general procedure D using 4a (100 mg, 0.45 mmol), 4-fluorobenzyl 

chloride (66 mg, 0.46 mmol) and TEA (46 mg, 0.45 mmol) in DCM. The crude product was 

purified by column chromatography (SiO2, eluent: 80% DCM, 20% MeOH), resulting in 40 mg 

of pure product (yield 27%). Mp 124−127 °C, Ret. time 7.79 min, purity 94.5%. HRESIMS m/z 

330.2098 [M+H]+ (calcd for C18H25FN5+, 330.2089, Δ = -2.8 ppm). 1H NMR (500 MHz, d6DMSO) 
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δ = 1.07 (t, 3H, CH3),  2.03 (s, 3H, pyr-CH3), 2.35 (m, 4H, pip-H3,5), 3.20 (br, 2H, NCH2), 3.47 

(s, 2H, Bn-CH2), 3.63 (m, 4H, pip-H2,6), 5.58 (s, 1H, pyr-H), 6.78 (br, 2H, NH2), 7.15 (m, 2H, 

Ph-H3,5), 7.35 (m, 2H, Ph-H2,6); 13C NMR (125 MHz, d6DMSO) δ =  14.72 (CH3), 23.77 (pyr-

CH3), 34.66 (NCH2), 43.31 (pip-C2,6), 52.54 (pip-C3,5), 61.29 (Bn-C), 114.99 (d, 3J(13C,19F) = 

21.2 Hz, Ph-C3,5), 130.87 (d, 3J(13C,19F) = 7.4 Hz, Ph-C2,6), 134.27 (Ph-C1), 161.35 (d, 

3J(13C,19F) = 240.6 Hz, Ph-C4), 162.98 (pyr-C6), n.d. (pyr-C2),  n.d. (pyr-C4), n.d. (pyr-C5); 19F 

NMR (400 MHz, d6DMSO) δ = -115.97 (Ph-F).  

N-ethyl-2-(4-((4-fluorophenyl)sulfonyl)-1,4-diazepan-1-yl)-6-methylpyrimidin-4-amine (7a). 

Compound 7a was prepared following general procedure D using 4b (146 mg, 0.62 mmol), 4-

fluorobenzenesulfonyl chloride (79 mg, 0.62 mmol) and TEA (63 mg, 0.62 mmol) in DCM. The 

crude product was column chromatography (SiO2, eluent: 80% DCM, 20% MeOH), resulting in 

134 mg of pure product (yield 55%). Mp resinous substance, Ret. time 13.66 min, purity 97.9%. 

HRESIMS m/z 394.1721 [M+H]+ (calcd for C18H25FN5O2S+, 394.1708, Δ = -3.5 ppm). 1H NMR 

(500 MHz, d6DMSO) δ = 1.07 (t, 3H, J = 7.2 Hz, CH3),  1.73 (m, 2H, dia-H6), 2.00 (s, 3H, pyr-

CH3), 3.18 (br, 2H, NCH2), 3.22 (m, 2H, dia-H5), 3.34 (m, 2H, dia-H3), 3.64 (t, 2H, dia-H7), 3.76 

(t, 2H, dia-H2), 5.56 (s, 1H, pyr-H), 6.76 (br, 1H, NH), 7.33 (t, 2H, Ph-H3,5), 7.77 (m, 2H, Ph-

H2,6); 13C NMR (125 MHz, d6DMSO) δ = 14.79 (CH3), 23.93 (pyr-CH3), 28.11 (dia-C6), 34.62 

(NCH2), 45.29 (dia-C7), 47.06 (dia-C2), 47.06 (dia-C5), 47.93 (dia-C3), 93.67 (pyr-C5), 116.41 

(d, 3J(13C,19F) = 22.5 Hz, Ph-C3,5), 129.67 (d, 3J(13C,19F) = 9.4 Hz, Ph-C2,6), 135.43 (d, 

3J(13C,19F) = 2.8 Hz, Ph-C1), 160.36 (pyr-C2), 163.01 (pyr-C4), 163.01. (pyr-C6), 164.25 (d, 

3J(13C,19F) = 249.9 Hz, Ph-C4); 19F NMR (400 MHz, d6DMSO) δ = -106.68 (Ph-F).  

N-ethyl-2-(4-((4-fluorophenyl)sulfonyl)-3,4-dihydroquinoxalin-1(2H)-yl)-6-

methylpyrimidin-4-amine (7b).  Compound 7b was prepared following general procedure D using 
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4c (345 mg, 1.28 mmol), 4-fluorobenzenesulfonyl chloride (249 mg, 1.28 mmol) and TEA (130 

mg, 1.28 mmol) in DCM. The crude product was purified by column chromatography (SiO2, 

eluent: 80% DCM, 20% MeOH), resulting in 154 mg of pure product (yield 28%). Mp 124-127 

°C, Ret. time 15.08 min, purity 95.0%. HRESIMS m/z 428.1569 [M+H]+ (calcd for 

C21H23FN5O2S+, 428.1551, Δ = -4.1 ppm). 1H NMR (500 MHz, d6DMSO) δ = 1.06 (t, 3H, CH3),  

2.03 (s, 3H, pyr-CH3), 3.13 (quint, 2H, NCH2), 3.71 (m, 2H, qu-H3), 3.90 (m, 2H, qu-H2), 5.74 

(s, 1H, pyr-H), 6.95 (br, 1H, NH), 7.04 (m, 2H, Ph-H3,5), 7.05 (m, 1H, qu-H7), 7.16 (m, 1H, qu-

H6), 7.44 (m, 2H, Ph-H2,6), 7.50 (d, 1H, qu-H8), 7.70 (d, 1H, qu-H5); 13C NMR (125 MHz, 

d6DMSO) δ =  14.71 (CH3), 23.68 (pyr-CH3), 34.71 (NCH2), 44.02 (qu-C3), 47.44 (qu-C2), 96.74 

(pyr-C5), 116.10 (d, 3J(13C,19F) = 22.7 Hz, Ph-C3,5), 122.61 (qu-C7), 125.55 (qu-C8), 125.70 (qu-

C6), 126.11 (qu-C5), 129.60 (qu-8a), 129.62 (d, 3J(13C,19F) = 9.6 Hz, Ph-C2,6), 134.10 (Ph-C1), 

136.64 (qu-C4a), 158.94 (pyr-C2), 162.49 (pyr-C4), 162.52 (d, 3J(13C,19F) = 250.7 Hz, Ph-C4), 

n.d. (pyr-C6). 19F NMR (400 MHz, d6DMSO) δ = -105.49 (Ph-F). 

2-(4-((4-fluorophenyl)sulfonyl)piperazin-1-yl)-N-isopropyl-6-methylpyrimidin-4-amine (8a). 

Compound 8a was prepared following general procedure D using 4d (180 mg, 0.76 mmol), 4-

fluorobenzenesulfonyl chloride (143 mg, 0.73 mmol) and TEA (77 mg, 0.45 mmol) in DCM. The 

crude product was by column chromatography (SiO2, eluent: 45 % Hexane, 45 % EtOAC and 10 

% EtOH), resulting in 94 mg of pure product (yield 33 %). Mp 180.7 °C, Ret. time 15.12 min, 

purity 96.5%. HRESIMS m/z 394.1719 [M+H]+ (calcd for C18H25FN5O2S+, 394.1708, Δ = -2.9 

ppm). 1H NMR (500 MHz, d6DMSO) δ = 1.07 (d, 3H, ipr-CH3),  1.99 (s, 3H, pyr-CH3), 2.88 (m, 

4H, pip-H3,5), 3.73 (m, 4H, pip-H2,6), 3.95 (br, 1H, ipr-CH), 5.57 (s, 1H, pyr-H), 6.71 (br, 1H, 

NH), 7.47 (m, 2H, Ph-H3,5), 7.81 (m, 2H, Ph-H2,6); 13C NMR (125 MHz, d6DMSO) δ =  22.49 

(ipr-CH3), 23.74 (pyr-CH3), 41.24 (ipr-CH), 42.50 (pip-C2,6), 45.83 (pip-C3,5), 94.50 (pyr-C5), 
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116.75 (3J(13C,19F) = 22.7 Hz, Ph-C3,5), 130.77 (3J(13C,19F) = 9.5 Hz, Ph-C2,6), 131.14 

(3J(13C,19F) = 2.9 Hz, Ph-C1), 160.70 (pyr-C2), 162.36 (pyr-C4), 163.30 (pyr-C6), 164.76 

(3J(13C,19F) = 250.5 Hz, Ph-C4); 19F NMR (400 MHz, d6DMSO) δ = -105.57 (Ph-F). 

N-(tert-butyl)-6-(4-((4-fluorophenyl)sulfonyl)piperazin-1-yl)-2-methylpyrimidin-4-amine 

(8b). Compound 8b was prepared following general procedure D using 4e (110 mg, 0.44 mmol), 

4-fluorobenzenesulfonyl chloride (86 mg, 0.44 mmol) and TEA (45 mg, 0.44 mmol) in DCM. The 

crude product was purified by recrystallization (DIPE/ethyl acetate), resulting in 78 mg of  N-(tert-

butyl)-6-(4-((4-fluorophenyl)sulfonyl)piperazin-1-yl)-2-methylpyrimidin-4-amine (yield 41%). 

Mp 144.7 °C Ret. time 14.36 min, purity 96.8%. HRESIMS m/z 408.1877 [M+H]+ (calcd for 

C19H27FN5O2S+, 408.1864, Δ = -3.1 ppm). 1H NMR (500 MHz, d6DMSO) δ = 1.32 (s, 9H, tBu-

CH3),  1.99 (s, 3H, pyr-CH3), 2.92 (s, 4H, pip-H3,5), 3.74 (m, 4H, pip-H2,6), 5.65 (s, 1H, pyr-H), 

6.57 (br, 1H, NH), 7.48 (m, 2H, Ph-H3,5), 7.82 (m, 2H, Ph-H2,6); 13C NMR (125 MHz, d6DMSO) 

δ =  28.84 (tBu-CH3), 42.74 (pip-C2,6), 45.67 (pip-C3,5), 50.36 (tBu-C), 95.68 (pyr-C5), 116.70 

(d, 3J(13C,19F) = 22.7 Hz, Ph-C3,5), 130.72 (d, 3J(13C,19F) = 9.4 Hz, Ph-C2,6), 131.13 (d, 

3J(13C,19F) = 3.2 Hz, Ph-C1), 164.72 (d, 3J(13C,19F) = 250.8 Hz, Ph-C4), n.d. (pyr-CH3), n.d. (pyr-

C2), n.d. (pyr-C4), n.d. (pyr-C6); 19F NMR (400 MHz, d6DMSO) δ = -105.56 (Ph-F). 

4-ethoxy-2-(4-((4-fluorophenyl)sulfonyl)piperazin-1-yl)-6-methylpyrimidine (8c). Compound 

8c was prepared following general procedure D using 4f (107 mg, 0.48 mmol), 4-

fluorobenzenesulfonyl chloride (91 mg, 0.47 mmol) and TEA (45 mg, 0.44 mmol) in DCM. The 

crude product was purified by recrystallization (DIPE/EtOAc), resulting in 88 mg of pure product 

(yield 53%). Mp 156.5 °C. Ret. time 25.03 min, purity 98.6%. HRESIMS m/z 381.1396 [M+H]+ 

(calcd for C17H22FN4O3S+, 381.1391, Δ = -1.2 ppm). 1H NMR (500 MHz, d6DMSO) δ = 1.25 (t, 

3H, CH3),  2.14 (s, 3H, pyr-CH3), 2.93 (m, 4H, pip-H3,5), 3.80 (m, 4H, pip-H2,6), 4.23 (q, 2H, 
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OCH2), 5.93 (s, 1H, pyr-H), 7.48 (m, 2H, Ph-H3,5), 7.82 (m, 2H, Ph-H2,6); 13C NMR (125 MHz, 

d6DMSO) δ =  14.30 (CH3), 23.66 (pyr-CH3), 42.50 (pip-C3,5), 45.68 (pip-C2,6), 61.14 (OCH2), 

95.24 (pyr-C5), 116.71 (3J(13C,19F) = 22.8 Hz, Ph-C3,5), 130.69 (3J(13C,19F) = 9.9 Hz, Ph-C2,6), 

131.12 (3J(13C,19F) = 2.6 Hz, Ph-C1), 160.43 (pyr-C2), 164.72 (3J(13C,19F) = 250.4 Hz, Ph-C4), 

167.85 (pyr-C6), 169.58 (pyr-C4); 19F NMR (400 MHz, d6DMSO) δ = -105.58 (Ph-F).  

2-(4-((4-fluorophenyl)sulfonyl)piperazin-1-yl)-4-methyl-6-(pyrrolidin-1-yl)pyrimidine (8d).  

Compound 8d was prepared following general procedure D using 4g (208 mg, 0.84 mmol), 4-

fluorobenzenesulfonyl chloride (164 mg, 0.84 mmol) and TEA (86 mg, 0.85 mmol) in DCM. The 

crude product was purified by column chromatography (SiO2, eluent: 80 % DCM, 20 % MeOH), 

resulting in 251 mg of pure product (yield 74 %). Mp 147 °C. Ret. time 15.21 min, purity 96.4%. 

HRESIMS m/z 406.1718 [M+H]+ (calcd for C19H25FN5O2S+, 406.1708, Δ = -2.6 ppm). 1H NMR 

(500 MHz, d6DMSO) δ = 1.85 (br, 4H, pyrrolidine-H3,4),  2.06 (s, 3H, pyr-CH3), 3.30 (br, 4H, 

pyrrolidine-H2,5), 2.88 (m, 4H, pip-H3,5), 3.76 (m, 4H, pip-H2,6), 5.65 (s, 1H, pyr-H), 7.47 (m, 

2H, Ph-H3,5), 7.81 (m, 2H, Ph-H2,6); 13C NMR (125 MHz, d6DMSO) δ = 23.90 (pyr-CH3), 24.78 

(pyrrolidine-C3,4), 42.58 (pip-C2,6), 45.77 (pip-C3,5), 45.83 (pyrrolidine-C2,5), 92.83 (pyr-C5), 

116.76 (3J(13C,19F) = 22.7 Hz, Ph-C3,5), 130.77 (3J(13C,19F) = 9.4 Hz, Ph-C2,6), 131.13 

(3J(13C,19F) = 2.7 Hz, Ph-C1), 160.28 (pyr-C2), 160.62 (pyr-C6), 164.43 (pyr-C4), 164.76 

(3J(13C,19F) = 250.6 Hz, Ph-C4); 19F NMR (400 MHz, d6DMSO) δ = -105.56 (Ph-F).  

N-ethyl-4-(4-((4-fluorophenyl)sulfonyl)piperazin-1-yl)-6-methylpyrimidin-2-amine (9a). 

Compound 9a was prepared following general procedure D using 4h (109 mg, 0.49 mmol), 4-

fluorobenzenesulfonyl chloride (96 mg, 0.49 mmol) and TEA (50 mg, 0.49 mmol) in DCM. The 

crude product was purified by column chromatography (SiO2, eluent: 87.5 % DCM, 12.5 % 

MeOH), resulting in 165 mg of pure product (yield 89%). Mp 158.1-159.9 °C. Ret. time 14.20 
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min, purity 98.5%. HRESIMS m/z 380.1560 [M+H]+ (calcd for C17H23FN5O2S+, 380.1551, Δ = -

2.5 ppm). 1H NMR (500 MHz, d6DMSO) δ = 1.03 (t, 3H, CH3),  2.04 (s, 3H, pyr-CH3), 2.90 (m, 

4H, pip-H3,5), 3.17 (m, 2H, NCH2), 3.62 (m, 4H, pip-H2,6), 5.85 (s, 1H, pyr-H), 6.45 (br, 1H, 

NH), 7.48 (m, 2H, Ph-H3,5), 7.82 (m, 2H, Ph-H2,6); 13C NMR (125 MHz, d6DMSO) δ =  14.94 

(CH3), 23.89 (pyr-CH3), 35.18 (NCH2), 42.59 (pip-C2,6), 45.51 (pip-C3,5), 90.99 (pyr-C5), 

116.74 (3J(13C,19F) = 22.5 Hz, Ph-C3,5), 130.69 (3J(13C,19F) = 9.6 Hz, Ph-C2,6), 131.06 

(3J(13C,19F) = 2.4 Hz, Ph-C1), 161.62 (pyr-C2), 162.40 (pyr-C4), 164.74 (d, 3J(13C,19F) = 250.5 

Hz, Ph-C4), 165.91 (pyr-C6);19F NMR (400 MHz, d6DMSO) δ = -105.45 (Ph-F).  

N-ethyl-6-(4-((4-fluorophenyl)sulfonyl)piperazin-1-yl)-2-methylpyrimidin-4-amine (9b). 

Compound 9b was prepared following general procedure D using 4i (86 mg, 0.39 mmol), 4-

fluorobenzenesulfonyl chloride (76 mg, 0.39 mmol) and TEA (39 mg, 0.39 mmol) in DCM. The 

crude product was purified by recrystallization (DIPE/EtOAc), resulting in 72 mg of pure product 

(yield 49%). Mp 166.1-168.6 °C. Ret. time 13.97 min, purity 97.1%. HRESIMS m/z 380.1561 

[M+H]+ (calcd for C17H23FN5O2S+, 380.1551, Δ = -2.7 ppm). 1H NMR (500 MHz, d6DMSO) δ = 

1.04 (t, 3H, CH3),  2.13 (s, 3H, pyr-CH3), 2.91 (m, 4H, pip-H3,5), 3.13 (m, 2H, NCH2), 3.55 (m, 

4H, pip-H2,6), 5.37 (s, 1H, pyr-H), 6.57 (t, 1H, NH), 7.48 (t, 2H, Ph-H3,5), 7.82 (m, 2H, Ph-H2,6); 

13C NMR (125 MHz, d6DMSO) δ =  14.65 (CH3), 25.88 (pyr-CH3), 35.13 (NCH2), 42.93 (pip-

C2,6), 45.60 (pip-C3,5), 116.80 (3J(13C,19F) = 22.3 Hz, Ph-C3,5), 130.77 (3J(13C,19F) = 9.5 Hz, 

Ph-C2,6), 131.11 (3J(13C,19F) = 2.2 Hz, Ph-C1), 162.04 (pyr-C6), 163.55 (pyr-C4), 164.80 

(3J(13C,19F) = 250.5 Hz, Ph-C4), 165.44 (pyr-C2), n.d. (pyr-C5); 19F NMR (400 MHz, d6DMSO) 

δ = -105.45 (Ph-F).  

N-ethyl-2-(4-(4-fluorophenylsulfonyl)piperazin-1-yl)pyrimidin-4-amine (9c). Compound 9c 

was prepared following general procedure D using 4j (117 mg, 0.56 mmol), 4-
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fluorobenzenesulfonyl chloride (94 mg, 0.48 mmol) and TEA (57 mg, 0.56 mmol) in DCM. The 

crude product was purified by recrystallization (DIPE/EtOAc), resulting in 89 mg of pure product 

(yield 51%). Mp 123.0-124.5 °C. Ret. time 13.75 min, purity 97.1%. HRESIMS m/z 366.1404 

[M+H]+ (calcd for C16H21FN5O2S+, 366.1395, Δ = -2.6 ppm). 1H NMR (500 MHz, d6DMSO) δ = 

1.06 (t, 3H, CH3),  2.89 (m, 4H, pip-H3,5), 3.20 (br, 2H, NCH2), 3.74 (m, 4H, pip-H2,6), 5.72 (d, 

1H, pyr-H), 7.02 (br, 1H, NH), 7.48 (m, 2H, Ph-H3,5), 7.65 (br, 1H, pyr-H6), 7.82 (m, 2H, Ph-

H2,6); 13C NMR (125 MHz, d6DMSO) δ =  14.47 (CH3), 34.31 (NCH2), 42.44 (pip-C2,6), 45.71 

(pip-C3,5), 96.36 (pyr-C5), 116.69 (3J(13C,19F) = 22.3 Hz, Ph-C3,5), 130.68 (3J(13C,19F) = 9.4 Hz, 

Ph-C2,6), 131.11 (3J(13C,19F) = 2.2 Hz, Ph-C1), 154.44 (pyr-C6), 160.72 (pyr-C2), 162.23 (pyr-

C4), 164.69 (3J(13C,19F) = 250.5 Hz, Ph-C4); 19F NMR (400 MHz, d6DMSO) δ = -105.57 (Ph-F).  

N-ethyl-4-(4-((4-fluorophenyl)sulfonyl)piperazin-1-yl)pyrimidin-2-amine (9d). Compound 9d 

was prepared following general procedure D using 4k (95 mg, 0.46 mmol), 4-

fluorobenzenesulfonyl chloride (90 mg, 0.46 mmol) and TEA (46 mg, 0.45 mmol) in DCM. The 

crude product was purified by column chromatography (SiO2, eluent: 80% DCM, 20% MeOH), 

resulting in 140 mg of pure product (yield 83%). Mp 188-189 °C. Ret. time 13.65 min, purity 

95.3%. HRESIMS m/z 366.1404 [M+H]+ (calcd for C16H21FN5O2S+, 366.1395, Δ = -2.6 ppm). 1H 

NMR (500 MHz, d6DMSO) δ = 1.03 (t, 3H, CH3),  2.91 (m, 4H, pip-H3,5), 3.18 (m, 2H, NCH2), 

3.62 (m, 4H, pip-H2,6), 5.95 (d, 1H, pyr-H), 6.50 (br, 1H, NH), 7.48 (t, 2H, Ph-H3,5), 7.76 (d, 1H, 

pyr-H6), 7.82 (m, 2H, Ph-H2,6); 13C NMR (125 MHz, d6DMSO) δ =  14.96 (CH3), 35.27 (NCH2), 

42.52 (pip-C2,6), 45.59 (pip-C3,5), 92.57 (pyr-C5), 116.81 (3J(13C,19F) = 22.6 Hz, Ph-C3,5), 

130.77 (3J(13C,19F) = 9.5 Hz, Ph-C2,6), 131.09 (3J(13C,19F) = 3.0 Hz, Ph-C1), 157.04 (pyr-C6), 

161.73 (pyr-C2), 161.78 (pyr-C4), 164.82 (d, 3J(13C,19F) = 250.8 Hz, Ph-C4); 19F NMR (400 MHz, 

d6DMSO) δ = -105.43 (Ph-F). 



S32 

 

N-cyclopropyl-2-(4-((4-fluorophenyl)sulfonyl)piperazin-1-yl)pyrimidin-4-amine (10). 

Compound 10 was prepared following general procedure D using 4l (148 mg, 0.67 mmol), 4-

fluorobenzenesulfonyl chloride (131 mg, 0.67 mmol) and TEA (68 mg, 0.64 mmol) in DCM. The 

crude product was purified by recrystallization (DIPE / ethyl acetate), resulting in 81 mg of pure 

product (yield 32%). Mp 174.4 °C. Ret. time 14.11 min, purity 97.5%. HRESIMS m/z 378.1403 

[M+H]+ (calcd for C17H21FN5O2S+, 378.1395, Δ = -2.3 ppm). 1H NMR (500 MHz, d6DMSO) δ =  

0.41 (m, 2H, CH2), 0.68 (m, 2H, CH2), 2.92 (m, 4H, pip-H3,5), 3.76 (m, 4H, pip-H2,6), 5.94 (br, 

1H, pyr-H), 5.94 (br, 1H, NH), 7.48 (t, 2H, Ph-H3,5), 7.74 (m, 1H, pyr-H6), 7.82 (m, 2H, Ph-

H2,6), n.d. (NCH); 13C NMR (125 MHz, d6DMSO) δ =  6.78 (CH2), 42.75 (pip-C2,6), 45.60 (pip-

C3,5), 116.79 (3J(13C,19F) = 22.6 Hz, Ph-C3,5), 130.77 (3J(13C,19F) = 9.5 Hz, Ph-C2,6), 131.16 

(3J(13C,19F) = 3.0 Hz, Ph-C1), n.d. (pyr-C2), n.d. (pyr-C4), n.d. (pyr-C5), n.d. (pyr-C6), n.d. (Ph-

C4), n.d. (NCH); 19F NMR (400 MHz, d6DMSO) δ = -105.51 (Ph-F). 

(3-chlorophenyl)(4-(2-(ethylamino)-6-methylpyrimidin-4-yl)piperazin-1-yl)methanone (11a). 

Compound 11a was prepared following general procedure D using 4h (169 mg, 0.76 mmol), 4-

chlorobenzoyl chloride (134 mg, 0.76 mmol) and TEA (77 mg, 0.76 mmol) in DCM. The crude 

product was purified by column chromatography (dichloromethane/20% methanol), resulting in 

178 mg of pure product (yield 65%). Mp 181 °C. Ret. Time 13.74 min, purity 99.9 %. HRESIMS 

m/z 360.1593 [M+H]+ (calcd for C18H23ClN5O+, 360.1586, Δ = -2.0 ppm). 1H NMR (500 MHz, 

d6DMSO) δ = 1.06 (t, 3H, NCH3), 2.08 (s, 3H, pyr-CH3), 3.22 (br, 2H, NCH2), 3.37/3.54 (br, 4H, 

pip-H2,6), 3.64 (br, 4H, pip-H3,5), 5.91 (s, 1H, pyr-H5), 6.48 (br, 1H, NH), 7.47 (m, 2H, ph-2,6), 

7.53 (m, 2H, ph-H3,5); 13C NMR (500 MHz, d6DMSO) δ = 14.99 (CH3), 23.86 (pyr-CH3), 35.22 

(NCH2), 43.20 (pip- C3,5), 43.20 (pip-C2,6), 91.20 (pyr-C5), 128.55 (ph-C3,5), 129.09 (ph-C2,6), 
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134.30 (ph-C4), 134.56 (ph-C1), 161.48 (pyr-C2), 162.72 (pyr-C4), 165.54 (pyr-C6), 168.12 

(amide-C). 

(4-chlorophenyl)(4-(2-(ethylamino)pyrimidin-4-yl)piperazin-1-yl)methanone (11b). 

Compound 11b was prepared following general procedure D using 4k (95 mg, 0.46 mmol), 4-

chlorobenzoyl chloride (85 mg, 0.46 mmol) and TEA (46 mg, 0.45 mmol) in DCM. The crude 

product was purified by column chromatography (dichloromethane/20% methanol), resulting in 

53 mg of pure product (yield 34%). Mp 180 °C. Ret. Time 13.13 min, purity 96.2%. HRESIMS 

m/z 346.1435 [M+H]+ (calcd for C17H21ClN5O+, 346.1429, Δ = -1.7 ppm).  1H NMR (500 MHz, 

d6DMSO) δ = 1.06 (t, 3H, NCH3), 3.21 (quint, 2H, NCH2), 3.37/3.54 (br, 4H, pip-H2,6), 3.64/3.65 

(br, 4H, pip-H3,5), 6.01 (s, 1H, pyr-H5), 6.52 (br, 1H, NH), 7.47 (m, 2H, ph-2,6), 7.53 (m, 2H, 

ph-H3,5), 7.81 (d, 1H, pyr-H6); 13C NMR (500 MHz, d6DMSO) δ = 15.01 (NCH3), 35.31 (NCH2), 

41.48/43.13 (pip- C3,5), 43.13/46.87 (pip-C2,6), 92.84 (pyr-C5), 128.63 (ph-C3,5), 129.16 (ph-

C2,6), 134.39 (ph-C4), 134.58 (ph-C1), 156.86 (pyr-C6), 161.74 (pyr-C2), 162.11 (pyr-C4), 

168.26 (amide-C). 

(4-fluorophenyl)(4-(2-(isopropylamino)-6-methylpyrimidin-4-yl)piperazin-1-yl)methanone 

(11c). Compound 11c was prepared following general procedure D using 4m (176 mg, 0.75 

mmol), 4-chlorobenzoyl chloride (119 mg, 0.68 mmol) and TEA (76 mg, 0.75 mmol) in DCM. 

The crude product was purified by column chromatography (dichloromethane/20% methanol), 

resulting in 140 mg of pure product (yield 52%). Mp 74-75 °C. Ret. Time 13.37 min, purity 98.4%. 

HRESIMS m/z 358.2044 [M+H]+ (calcd for C19H25FN5O+, 358.2038, Δ = -1.7 ppm).  1H NMR 

(500 MHz, d6DMSO) δ = 1.08 (d, 6H, iPr-CH3), 2.08 (s, 3H, pyr-CH3), 3.61 (br, 4H, pip-H2,6), 

3.61 (br, 4H, pip-H3,5), 3.98 (m, 1H, iPr-CH), 5.90 (s, 1H, pyr-H5), 6.31 (br, 1H, NH), 7.29 (m, 

2H, ph-3,5), 7.51 (m, 2H, ph-H2,6); 13C NMR (500 MHz, d6DMSO) δ = 22.68 (iPr-CH3), 41.72  
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(iPr-CH), 115.50 (3J(13C,19F) = 21.6 Hz, Ph-C3,5), 129.76 (3J(13C,19F) = 8.3 Hz, Ph-C2,6), 132.20 

(3J(13C,19F) = 3.0 Hz, Ph-C1), 161.01 (pyr-C2), 162.67 (d, 3J(13C,19F) = 245.1 Hz, Ph-C4), 162.81 

(pyr-C4), 165.62 (pyr-C6), 168.42 (amide-C), n.d. (pyr-CH3), n.d. (pip- C3,5), n.d. (pip-C2,6), n.d. 

(pyr-C5); 19F NMR (400 MHz, d6DMSO) δ = -111.00 (Ph-F).  
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Copies of 1H- and 13C-NMR Spectra 
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1H- and 13C-NMR Spectra in DMSO-d6 of compound 1
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1H- and 13C-NMR Spectra in DMSO-d6 of compound 5a
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1H- and 13C-NMR Spectra in DMSO-d6 of compound 5b
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1H- and 13C-NMR Spectra in DMSO-d6 of compound 5c
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1H- and 13C-NMR Spectra in DMSO-d6 of compound 5d
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1H- and 13C-NMR Spectra in DMSO-d6 of compound 5e
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1H- and 13C-NMR Spectra in DMSO-d6 of compound 5f
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1H- and 13C-NMR Spectra in DMSO-d6 of compound 5g
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1H- and 13C-NMR Spectra in DMSO-d6 of compound 5h
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1H- and 13C-NMR Spectra in DMSO-d6 of compound 5i
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1H- and 13C-NMR Spectra in DMSO-d6 of compound 5j
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1H- and 13C-NMR Spectra in DMSO-d6 of compound 5k
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1H- and 13C-NMR Spectra in DMSO-d6 of compound 5l
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1H- and 13C-NMR Spectra in DMSO-d6 of compound 5m
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1H- and 13C-NMR Spectra in DMSO-d6 of compound 5n
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1H- and 13C-NMR Spectra in DMSO-d6 of compound 5o

 



S52 

 

1H- and 13C-NMR Spectra in DMSO-d6 of compound 5p
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1H- and 13C-NMR Spectra in DMSO-d6 of compound 5q

 



S54 

 

1H- and 13C-NMR Spectra in DMSO-d6 of compound 5r

 

 

 



S55 

 

1H- and 13C-NMR Spectra in DMSO-d6 of compound 5s

 

 



S56 

 

1H- and 13C-NMR Spectra in DMSO-d6 of compound 6a 
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1H- and 13C-NMR Spectra in DMSO-d6 of compound 6b
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1H- and 13C-NMR Spectra in DMSO-d6 of compound 7a
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1H- and 13C-NMR Spectra in DMSO-d6 of compound 7b
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1H- and 13C-NMR Spectra in DMSO-d6 of compound 8a
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1H- and 13C-NMR Spectra in DMSO-d6 of compound 8b
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1H- and 13C-NMR Spectra in DMSO-d6 of compound 8c
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1H- and 13C-NMR Spectra in DMSO-d6 of compound 8d
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1H- and 13C-NMR Spectra in DMSO-d6 of compound 9a
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1H- and 13C-NMR Spectra in DMSO-d6 of compound 9b
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1H- and 13C-NMR Spectra in DMSO-d6 of compound 9c
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1H- and 13C-NMR Spectra in DMSO-d6 of compound 9d
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1H- and 13C-NMR Spectra in DMSO-d6 of compound 10
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1H- and 13C-NMR Spectra in DMSO-d6 of compound 11a
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1H- and 13C-NMR Spectra in DMSO-d6 of compound 11b
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1H- and 13C-NMR Spectra in DMSO-d6 of compound 11c
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HPLC determined purity of the Compounds 
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HPLC determined purity of compound 1
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HPLC determined purity of compound 5a 
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HPLC determined purity of compound 5b 
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HPLC determined purity of compound 5c 
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HPLC determined purity of compound 5d 
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HPLC determined purity of compound 5e 
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HPLC determined purity of compound 5f 

 



S81 

 

 

  



S82 

 

HPLC determined purity of compound 5g 
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HPLC determined purity of compound 5h 
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HPLC determined purity of compound 5i 

 



S87 

 

 

  



S88 

 

HPLC determined purity of compound 5j 
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HPLC determined purity of compound 5k 

 



S90 

 

 

  



S91 

 

HPLC determined purity of compound 5l 
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HPLC determined purity of compound 5m 
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HPLC determined purity of compound 5n 
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HPLC determined purity of compound 5o 
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HPLC determined purity of compound 5p 
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HPLC determined purity of compound 5q 
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HPLC determined purity of compound 5r 
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HPLC determined purity of compound 5s 
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HPLC determined purity of compound 6a 
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HPLC determined purity of compound 6b 
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HPLC determined purity of compound 7a 

 

  



S107 

 

HPLC determined purity of compound 7b 
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HPLC determined purity of compound 8a 
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HPLC determined purity of compound 8b 
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HPLC determined purity of compound 8c 
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HPLC determined purity of compound 8d 
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HPLC determined purity of compound 9a 
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HPLC determined purity of compound 9b 
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HPLC determined purity of compound 9c 
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HPLC determined purity of compound 9d 
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HPLC determined purity of compound 10 
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HPLC determined purity of compound 11a 
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HPLC determined purity of compound 11b 
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HPLC determined purity of compound 11c 

 


