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I. Synthetic procedures and characterization of all compounds

General Information

Solvents were purchased from Sigma Aldrich. DMF was dried by distillation under reduced pressure 

over MgSO4 and the other solvents were used as received. All chemicals were purchased from 

Sigma-Aldrich, VWR or Alfa Aesar and used without further purification. Thin layer chromatography 

(TLC) was performed on precoated Merck 60 GF254 silica gel plates and revealed first by 

visualization under UV light (254 nm and 360 nm). 1H and 13C NMR spectra were recorded on a 

Bruker Advance 200 MHz spectrometer, a Bruker Advance 400 MHz or on a Bruker Advance 500 

MHz. Mass spectra (ESI-MS) were recorded on a Bruker (Daltonics Esquire 3000+). HRMS spectra 

were recorded on a ThermoFisher Q Exactive (ESI-MS) at the resolution of 140 000 at m/z 200. IR 

spectra were recorded on a Jasco FT/IR-4600. The purity of compounds was further assayed by 

HPLC-Method A or UPLC-Method B as follow:

Method A: HPLC analysis on a JASCO PU-2089/AS4050 apparatus with a Supelco analytical column 

Ascentis Express C18, 100 mm × 46 mm 5 μM, employing the flowing method: 30% B for 1 min, 30% 

B to 100% B over 5 min, 100% B for 2.5 min then from 100% B to 30% B over 30 s, 30% B for 7 min 

(total time: 16 min). Solvent A: water with 1% formic acid. Solvent B: acetonitrile with 1% formic 

acid.

Method B: UHPLC analysis on a JASCO PU4180/AS4140 apparatus with a Agela Technologies 

analytical column Innoval C18 100 mm × 46 mm 1.9 μM, employing the flowing method: 5-95% B 

over 3 min; 95% B for 3 min, 95-5% B over 1 min, 5% B for 1 min; Solvent A: water with 0.1% formic 

acid; Solvent B: acetonitrile with 0.1% formic acid; 1 mL/min.

General Procedure for the guanidine intermediates: The key guanidine intermediates 6, 8 and 9 

were prepared by using previously reported procedures.1-5 Compound 7 has not been previously 

described and was synthesized by adapting the same procedure, where the -haloketone 1 was 

replaced by 2. Briefly, the 2-thiazolylguanidine derivatives 6-9 were afforded by thiazole-Hantzsch 

reaction from commercially available amidinothiourea (5) with the appropriately substituted α-

haloketones (1-4) under reflux in ethanol for 2 h. After completion, the reaction mixture was 

concentrated under reduced pressure and washed with small amounts of cold methanol. For the 

compounds 7, 8 and 9 the residues were additionally washed with 10% sodium hydroxide solution 

and water. 
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1-(4-methylthiazol-2-yl)guanidine hydrochloride (6) Synthesized following the general procedure 

using chloroacetone (10.2 g, 0.11 mol) and amidinothiourea (10.0 g, 0.85 mol) to afford the title 

compound as a white solid (12.1 g, 74%). 1H NMR (400 MHz, DMSO-d6) δ 12.53 (s, 1H), 8.28 (s, 4H), 

6.89 (s, 1H), 2.27 (d, J = 1.1 Hz, 3H). 13C NMR (101 MHz, DMSO-d6) δ 160.26, 154.33, 147.66, 107.68, 

16.69.

1-(4,5-dimethylthiazol-2-yl)guanidine (7) Synthesized following the general procedure using 3-

chlorobutan-2-one (14.1 g, 0.13 mol) and amidinothiourea (12.0 g, 0.10 mol) under reflux in ethanol 

for 2 h to afford the title compound as a white solid (12.1 g, 71%). 1H NMR (400 MHz, DMSO-d6) δ 

6.69 (s, 4H), 2.11 (d, J = 1.0 Hz, 3H), 2.04 (d, J = 1.0 Hz, 3H). 13C NMR (101 MHz, DMSO-d6) δ 171.62, 

156.53, 141.66, 113.22, 14.59, 10.67.

1-(4-phenylthiazol-2-yl)guanidine (8) Synthesized following the general procedure using 2-bromo-

acetophenone (19.9 g, 0.1 mol) and amidinothiourea (11.8 g, 0.1 mol) under reflux in ethanol for 2 h 

to afford the title compound as a white solid (17.0 g, 78%). 1H NMR (400 MHz, DMSO-d6) δ 7.88 – 

7.74 (m, 2H), 7.38 (t, J = 7.6 Hz, 2H), 7.27 (t, J = 7.3 Hz, 1H), 7.17 (s, 1H), 6.95 (s, 4H). 13C NMR (101 

MHz, DMSO-d6) δ 174.84, 156.94, 149.24, 134.81, 128.53 (2C), 127.24, 125.48 (2C), 103.24.

1-(4-(3-nitrophenyl)thiazol-2-yl)guanidine (9) Synthesized following the general procedure using 2-

bromo-3’-nitroacetophenone (24.4 g, 0.1 mol) and amidinothiourea (11.8 g, 0.1 mol) under reflux in 

ethanol for 2 h to afford the title compound as an yellow solid (23.4 g, 89%). 1H NMR (400 MHz, 

DMSO-d6) δ 8.56 (d, J = 1.7 Hz, 1H), 8.30 (d, J = 7.9 Hz, 1H), 8.15 – 8.07 (m, 1H), 7.67 (t, J = 8.0 Hz, 

1H), 7.51 (s, 1H), 7.00 (s, 4H). 13C NMR (101 MHz, DMSO-d6) δ 175.09, 156.98, 148.35, 146.99, 

136.32, 131.81, 130.15, 121.74, 119.62, 106.18.

General Procedure for the synthesis of arylbiamidine compounds: Sodium hydride (60% dispersion 

in mineral oil, 1.5 eq.) was added to the solution of the corresponding guanidine (1.0 eq.) in N,N-

dimethylformamide (25 mL/g of guanidine) at 0 °C and the mixture was stirred for 30 min at room 

temperature. The corresponding arylnitrile (1.0 eq.) was added in one portion to the reaction 

mixture and stirred at room temperature (2-6 h). The progress of the reaction was monitored by 

TLC. After the reaction was complete, the reaction mixture was treated employing the following 

methods:

 Method 1 (optimized condition): the reaction mixture was slowly poured into cold water (300 mL/g 

of starting guanidine) under stirring and the precipitate was collected and washed with water (200 

mL) and pentane (20 mL). The solid was then resuspended in ethanol and filtrated. 
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Method 2 (preliminary method, not optimized condition): the reaction mixture was slowly poured 

into water (200 mL/g of guanidine) under vigorous stirring, the precipitate was collected and washed 

with water, methanol and diethyl ether. This method leads to lower yields due to the solubility of 

arylbiamidines in diethyl ether.

N-(N-(4-methylthiazol-2-yl)carbamimidoyl)benzimidamide (A1) Synthesized following the general 

procedure using 1-(4-methylthiazol-2-yl)guanidine (1.00 g, 6.41 mmol), sodium hydride (60% 

dispersion in mineral oil, 1.5 eq., 384 mg, 9.61 mmol) and benzonitrile (0.66 mL, 6.41 mmol) 

resulting in a pale yellow powder (1.09 g, 81%, method 1). 1H NMR (500 MHz, DMSO-d6): δ 10.42 

(br. s, 1H), 9.11 (br. s, 1H), 8.61 (br. s, 1H), 8.02 – 7.96 (m, 2H), 7.57 – 7.52 (m, 1H), 7.85 – 7.39 (br. s, 

4H), 7.51 – 7.46 (m, 2H), 6.57 (d, J = 1.0 Hz, 1H), 2.24 (d, J = 0.9 Hz, 3H). 13C NMR (50 MHz, DMSO-

d6): δ 172.99, 161.63, 160.69, 147.64, 135.50, 131.20, 128.21, 127.45, 105.64, 17.56. HRMS-ESI 

(m/z): [M+H]+ calc. for C12H13N5S+, 260.09644; Found: 260.09653. HPLC (method A, λ280): Purity 

95.7%; tR: 5.167 min.

2-chloro-N-(N-(4-methylthiazol-2-yl)carbamimidoyl)benzimidamide (A2) Synthesized following the 

general procedure using 1-(4-methylthiazol-2-yl)guanidine (1.00 g, 6.41 mmol), sodium hydride  

(60% dispersion in mineral oil, 1.5 eq., 384 mg, 9.61 mmol) and 2-chlorobenzonitrile (881 mg, 6.41 

mmol) resulting in a light yellow powder (1.36 g, 89%, method 1). 1H NMR (400 MHz, DMSO-d6): δ 

10.27 (br. s, 1H), 9.06 (br. s, 1H), 8.63 (br. s, 1H), 7.63 (br. s, 1H), 7.46 (m, 4H), 6.57 (s, 1H), 2.24 (s, 

3H). 13C NMR (101 MHz, DMSO-d6): δ 172.87, 162.18, 160.47, 147.49, 136.79, 130.49, 130.27, 

129.55, 129.40, 126.88, 105.69, 17.46. HRMS-ESI (m/z): [M+H]+ calc. for C12H12ClN5S+, 294.05747; 

Found: 294.05750. HPLC (method A, λ280): Purity 95.0%; tR: 5.500 min.

3-chloro-N-(N-(4-methylthiazol-2-yl)carbamimidoyl)benzimidamide (A3) Synthesized following the 

general procedure using 1-(4-methylthiazol-2-yl)guanidine (1.00 g, 6.41 mmol), sodium hydride  

(60% dispersion in mineral oil, 1.5 eq., 384 mg, 9.61 mmol) and 3-chlorobenzonitrile (881 mg, 6.41 

mmol) resulting in a white-yellowish powder (1.24 g, 66%, method 2). 1H NMR (500 MHz, DMSO-d6): 

δ 10.43 (br. s, 1H), 9.13 (br. s, 1H), 8.71 (br. s, 1H), 8.11 – 8.05 (m, 1H), 7.95 (d, J = 7.9 Hz, 1H), 7.64 – 

7.59 (m, 1H), 7.58 (br.s, 1H), 7.53 (t, J = 7.9 Hz, 1H), 6.59 (d, J = 0.9 Hz, 1H), 2.25 (d, J = 0.5 Hz, 3H). 
13C NMR (50 MHz, DMSO-d6): δ 172.82, 160.44, 159.91, 147.64, 137.47, 133.18, 130.97, 130.15, 

127.39, 126.00, 105.82, 17.53. HRMS-ESI (m/z): [M+H]+ calc. for C12H12ClN5S+, 294.05747; Found: 

294.05768. HPLC (method A, λ280): Purity 95.0%; tR: 5.933 min.

4-chloro-N-(N-(4-methylthiazol-2-yl)carbamimidoyl)benzimidamide (A4) Synthesized following the 

general procedure using 1-(4-methylthiazol-2-yl)guanidine (1.00 g, 6.41 mmol), sodium hydride  

(60% dispersion in mineral oil, 1.5 eq., 384 mg, 9.61 mmol) and 4-chlorobenzonitrile (881 mg, 6.41 
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mmol) resulting in a white-yellowish powder (1.66 mg, 88%, method 1). 1H NMR (500 MHz, DMSO-

d6): δ 10.42 (br. s, 1H), 9.13 (br. s, 1H), 8.67 (br. s, 1H), 8.01 (d, J = 8.6 Hz, 2H), 7.57 (d, br. s J = 8.6 

Hz, 3H), 6.57 (d, J = 1.0 Hz, 1H), 2.24 (d, J = 0.7 Hz, 3H). 13C NMR (50 MHz, DMSO-d6): δ 172.87, 

160.50, 160.37, 147.63, 136.08, 134.23, 129.30, 128.29, 105.74, 17.53. HRMS-ESI (m/z): [M+H]+ calc. 

for C12H12ClN5S+, 294.05747; Found: 294.05762. HPLC (method A, λ280): Purity 95.3%; tR: 5.958 min.

2-bromo-N-(N-(4-methylthiazol-2-yl)carbamimidoyl)benzimidamide (A5) Synthesized following the 

general procedure using 1-(4-methylthiazol-2-yl)guanidine (1.00 g, 6.41 mmol), sodium hydride (60% 

dispersion in mineral oil, 1.5 eq., 384 mg, 9.61 mmol) and 2-bromobenzonitrile (1.17 g, 6.41 mmol) 

resulting in a pale beige/orange powder (1.73 g, 80%, method 1). 1H NMR (400 MHz, DMSO-d6): δ 

10.27 (br. s, 1H), 9.07 (br. s, 1H), 8.63 (br. s, 1H), 7.67 (d, br. s, J = 7.9 Hz, 2H), 7.46 – 7.43 (m, 2H), 

7.36 (ddd, J = 8.1, 6.0, 3.2 Hz, 1H), 6.57 (s, 1H), 2.24 (s, 3H). 13C NMR (101 MHz, DMSO-d6): δ 172.89, 

163.29, 160.49, 147.50, 138.85, 132.49, 130.57, 129.44, 127.37, 119.62, 105.68, 17.46. HRMS-ESI 

(m/z): [M+H]+ calc. for C12H12BrN5S+, 338.00696; Found: 338.00705. HPLC (method A, λ280): Purity 

95.8%; tR: 5.192 min.

3-bromo-N-(N-(4-methylthiazol-2-yl)carbamimidoyl)benzimidamide (A6) Synthesized following the 

general procedure using 1-(4-methylthiazol-2-yl)guanidine (1.00 g, 6.41 mmol), sodium hydride  

(60% dispersion in mineral oil, 1.5 eq., 384 mg, 9.61 mmol) and 3-bromobenzonitrile (1.17 g, 6.41 

mmol) resulting in a white-yellowish powder (1.11 g, 51%, method 2). 1H NMR (500 MHz, DMSO-d6): 

δ 10.42 (s, 1H), 9.12 (s, 1H), 8.72 (s, 1H), 8.21 (t, J = 1.7 Hz, 1H), 7.98 (d, J = 8.0 Hz, 1H), 7.75 (dd, br. 

s, J = 8.0, 1.1 Hz, 2H), 7.46 (t, J = 7.9 Hz, 1H), 6.59 (d, J = 0.9 Hz, 1H), 2.24 (d, J = 0.8 Hz, 3H). 13C NMR 

(50 MHz, DMSO-d6): δ 172.80, 160.42, 159.83, 147.63, 137.63, 133.86, 130.38, 130.27, 126.35, 

121.66, 105.81, 17.53. HRMS-ESI (m/z): [M+H]+ calc. for C12H12BrN5S+, 338.00696; Found: 338.00760. 

HPLC (method A, λ280): Purity 95.1%; tR: 6.042 min.

3-methoxy-N-(N-(4-methylthiazol-2-yl)carbamimidoyl)benzimidamide (A7) Synthesized following the 

general procedure using 1-(4-methylthiazol-2-yl)guanidine (1.00 g, 6.41 mmol), sodium hydride (60 

% dispersion in mineral oil, 1.5 eq., 384 mg, 9.61 mmol) and 3-methoxybenzonitrile (0.78 mL, 6.41 

mmol) resulting in a beige powder (1.59 g, 86%, method 1). 1H NMR (400 MHz, Acetone-d6) δ 10.86 

(s, 1H), 9.43 (s, 1H), 7.90 (s, 1H), 7.67 – 7.54 (m, 2H), 7.37 (t, J = 8.0 Hz, 1H), 7.09 (ddd, J = 8.2, 2.6, 

0.9 Hz, 1H), 6.83 (s, 1H), 6.47 (q, J = 1.1 Hz, 1H), 3.85 (s, 3H), 2.27 (d, J = 1.0 Hz, 3H). 13C NMR (101 

MHz, Acetone-d6) δ 174.37, 162.76, 161.97, 160.64, 149.04, 138.40, 130.15, 120.27, 117.64, 113.72, 

106.27, 55.71, 17.80. HRMS-ESI (m/z): [M+H]+ calc. for C13H16ON5S+, 290.10701; Found: 290.10631. 

UPLC (method B, λ280): Purity >99.9%; tR: 3.767 min.
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4-methoxy-N-(N-(4-methylthiazol-2-yl)carbamimidoyl)benzimidamide (A8) Synthesized following the 

general procedure using 1-(4-methylthiazol-2-yl)guanidine (1.00 g, 6.41 mmol), sodium hydride  

(60% dispersion in mineral oil, 1.5 eq., 384 mg, 9.61 mmol) and 4-methoxybenzonitrile (0.853 mg, 

6.41 mmol) resulting in a beige powder (1.65 mg, 89%, method 1). 1H NMR (500 MHz, DMSO-d6): δ 

10.40 (br. s, 1H), 9.06 (br. s, 1H), 8.50 (br. s, 1H), 7.98 (d, J = 8.9 Hz, 2H), 7.49 (br. s, 1H), 7.02 (d, J = 

8.9 Hz, 2H), 6.55 (d, J = 0.8 Hz, 1H), 3.83 (s, 3H), 2.24 (s, 3H).  13C NMR (101 MHz, DMSO-d6): δ 

172.97, 161.71, 160.99, 160.62, 147.51, 129.13, 127.43, 113.43, 105.33, 55.34, 17.48. HRMS-ESI 

(m/z): [M+H]+ calc. for C13H15N5OS+, 290.10701; Found: 290.10709. HPLC (method A, λ280): Purity 

>99.9%; tR: 5.308 min.

N-(N-(4-methylthiazol-2-yl)carbamimidoyl)picolinimidamide (A9) Synthesized following the general 

procedure using 1-(4-methylthiazol-2-yl)guanidine (1.00 g, 6.41 mmol), sodium hydride  (60% 

dispersion in mineral oil, 1.5 eq., 384 mg, 9.61 mmol) and 2-pyridinecarbonitrile (0.617 mL, 6.41 

mmol) resulting in a yellow powder (1.05 g, 63%, method 2). 1H NMR (200 MHz, DMSO-d6): δ 10.20 

(s, 1H), 9.15 (s, 1H), 8.77 (s, 1H), 8.73 – 8.65 (m, 1H), 8.34 (d, J = 8.5 Hz, 1H), 8.00 (td, J = 7.8, 1.7 Hz, 

1H), 7.61 (ddd, J = 7.4, 4.8, 1.1 Hz, 2H), 6.60 (d, J = 1.0 Hz, 1H), 2.25 (s, 3H).  13C NMR (101 MHz, 

DMSO-d6): δ 172.90, 160.61, 158.17, 150.75, 148.52, 147.60, 137.32, 126.26, 121.87, 105.82, 17.46. 

HRMS-ESI (m/z): [M+H]+ calc. for C11H12N6S+, 261.09169; Found: 261.09174. HPLC (method A, λ280): 

Purity 95.7%; tR: 5.708 min.

N-(N-(4-methylthiazol-2-yl)carbamimidoyl)nicotinimidamide (A10) Synthesized following the general 

procedure using 1-(4-methylthiazol-2-yl)guanidine (1.00 g, 6.41 mmol), sodium hydride  (60% 

dispersion in mineral oil, 1.5 eq., 384 mg, 9.61 mmol) and 3-pyridinecarbonitrile (0.667 mg, 6.41 

mmol) resulting in a yellow powder (751 mg, 45%, method 2). 1H NMR (500 MHz, DMSO-d6): δ 10.39 

(br. s, 1H), 9.15 (d, br. s, J = 1.7 Hz, 2H), 8.77 (br. s, 1H), 8.71 (dd, J = 4.7, 1.5 Hz, 1H), 8.36 – 8.23 (m, 

1H), 7.65 (br. s, 1H), 7.52 (dd, J = 7.5, 4.8 Hz, 1H), 6.59 (d, J = 0.7 Hz, 1H), 2.25 (s, 3H). 13C NMR (50 

MHz, DMSO-d6): δ 172.84, 160.46, 159.79, 151.75, 148.72, 147.67, 135.03, 131.09, 123.24, 105.89, 

17.54. HRMS-ESI (m/z): [M+H]+ calc. for C11H12N6S+, 261.09169; Found: 261.09171. HPLC (method A, 

λ280): Purity 97.1%; tR: 5.508 min.

N-(N-(4-methylthiazol-2-yl)carbamimidoyl)isonicotinimidamide (A11) Synthesized following the 

general procedure using 1-(4-methylthiazol-2-yl)guanidine (1.00 g, 6.41 mmol), sodium hydride  

(60% dispersion in mineral oil, 384 mg, 9.61 mmol) and 4-pyridinecarbonitrile (0.667 mg, 6.41 mmol) 

resulting in a yellow powder (985 mg, 59%, method 2). 1H NMR (500 MHz, DMSO-d6): δ 10.37 (br. s, 

1H), 9.15 (br. s, 1H), 8.80 (br. s, 1H), 8.74 (dd, J = 4.5, 1.6 Hz, 2H), 7.89 (dd, J = 4.5, 1.6 Hz, 2H), 7.68 

(br. s, 1H), 6.60 (d, J = 0.9 Hz, 1H), 2.25 (d, J = 0.8 Hz, 3H). 13C NMR (50 MHz, DMSO-d6): δ 172.77, 



7

160.43, 159.58, 150.08, 147.74, 142.81, 121.45, 106.08, 17.54. HRMS-ESI (m/z): [M+H]+ calc. for 

C11H12N6S+, 261.09169; Found: 261.09174. HPLC (method A, λ280): Purity 99.5%; tR: 4.525 min.

N-(N-(4,5-dimethylthiazol-2-yl)carbamimidoyl)benzimidamide (B1) Synthesized following the general 

procedure using 1-(4,5-dimethylthiazol-2-yl)guanidine (1.00 g, 5.88 mmol), sodium hydride  (60% 

dispersion in mineral oil, 1.5 eq., 353 mg, 8.82 mmol) and benzonitrile (0.605 mL, 5.88 mmol) 

resulting in a light yellow powder (1.21 g, 81%, method 1). 1H NMR (200 MHz, DMSO-d6): δ 10.45 (s, 

1H), 8.94 (s, 1H), 8.61 (s, 1H), 7.98 (dd, J = 7.9, 1.7 Hz, 2H), 7.84 – 7.31 (m, 4H), 2.21 (d, J = 0.6 Hz, 

3H), 2.15 (s, 3H). 13C NMR (101 MHz, DMSO-d6): δ 169.26, 161.31, 160.33, 142.65, 135.47, 131.06, 

128.12, 127.30, 116.88, 14.58, 10.70. HRMS-ESI (m/z): [M+H]+ calc. for C13H15N5S+, 274.11209; Found: 

274.11212. HPLC (method A, λ280): Purity 97.5%; tR: 5.408 min.

2-chloro-N-(N-(4,5-dimethylthiazol-2-yl)carbamimidoyl)benzimidamide (B2) Synthesized following 

the general procedure using 1-(4,5-dimethylthiazol-2-yl)guanidine (1.00 g, 5.88 mmol), sodium 

hydride  (60% dispersion in mineral oil, 1.5 eq., 353 mg, 8.82 mmol) and 2-chlorobenzonitrile (809 

mg, 5.88 mmol) resulting in a light yellow powder (1.10 mg, 73%, method 1). 1H NMR (500 MHz, 

DMSO-d6): δ 10.30 (br. s, 1H), 9.01 (br. s, 1H), 8.59 (br. s, 1H), 7.46 (m, 5H), 2.21 (s, 3H), 2.14 (s, 3H). 
13C NMR (101 MHz, DMSO-d6): δ 169.26, 162.01, 160.22, 142.63, 136.82, 130.47, 130.28, 129.56, 

129.39, 126.88, 117.00, 14.58, 10.71. HRMS-ESI (m/z): [M+H]+ calc. for C13H14ClN5S+, 308.07312; 

Found: 308.07318. HPLC (method A, λ280): Purity 95.4%; tR: 5.425 min.

3-chloro-N-(N-(4,5-dimethylthiazol-2-yl)carbamimidoyl)benzimidamide (B3) Synthesized following 

the general procedure using 1-(4,5-dimethylthiazol-2-yl)guanidine (1.00 g, 5.88 mmol), sodium 

hydride  (60% dispersion in mineral oil, 1.5 eq., 353 mg, 8.82 mmol) and 3-chlorobenzonitrile (809 

mg, 5.88 mmol) resulting in a pale yellow powder (1180 mg, 79%, method 1). 1H NMR (500 MHz, 

DMSO-d6): δ 10.44 (br. s, 1H), 9.04 (br. s, 1H), 8.68 (br. s, 1H), 8.08 – 8.03 (m, 1H), 7.93 (d, J = 7.9 Hz, 

1H), 7.61 (ddd, J = 8.0, 2.1, 0.9 Hz, 1H), 7.78 – 7.39 (br. s, 1H), 7.52 (t, J = 7.9 Hz, 1H), 2.21 (s, 3H), 

2.15 (s, 3H). 13C NMR (50 MHz, DMSO-d6): δ 169.15, 160.14, 159.71, 142.73, 137.49, 133.13, 130.91, 

130.15, 127.31, 125.93, 117.14, 14.62, 10.75. HRMS-ESI (m/z): [M+H]+ calc. for C13H14ClN5S+, 

308.07312; Found: 308.07321. HPLC (method A, λ280): Purity 95.2%; tR: 6.075 min.

4-chloro-N-(N-(4,5-dimethylthiazol-2-yl)carbamimidoyl)benzimidamide (B4) Synthesized following 

the general procedure using 1-(4,5-dimethylthiazol-2-yl)guanidine (1.00 g, 5.88 mmol), sodium 

hydride (60% dispersion in mineral oil, 1.5 eq., 353 mg, 8.82 mmol) 4-chlorobenzonitrile (809 mg, 

5.88 mmol) resulting in a pale yellow powder (1.32 g, 88%, method 1). 1H NMR (500 MHz, DMSO-

d6): δ 10.44 (br. s, 1H), 9.04 (br. s, 1H), 8.64 (br. s, 1H), 8.01 (d, J = 8.6 Hz, 2H), 7.57 (d, br. s, J = 8.6 

Hz, 3H), 2.22 (s, 3H), 2.15 (s, 3H). 13C NMR (101 MHz, DMSO-d6): δ 169.15, 160.16, 160.11, 142.66, 
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135.93, 134.23, 129.19 (2C), 128.22 (2C), 117.02, 14.57, 10.70. HRMS-ESI (m/z): [M+H]+ calc. for 

C13H14ClN5S+, 308.07312; Found: 308.07315. HPLC (method A, λ280): Purity 98.0%; tR: 6.267 min.

2-bromo-N-(N-(4,5-dimethylthiazol-2-yl)carbamimidoyl)benzimidamide (B5) Synthesized following 

the general procedure using 1-(4,5-dimethylthiazol-2-yl)guanidine (1.00 g, 5.88 mmol), sodium 

hydride  (60% dispersion in mineral oil, 1.5 eq., 353 mg, 8.82 mmol) and 2-bromobenzonitrile (1.07 

g, 5.88 mmol) resulting in a yellow powder (1.33 g, 78%, method 1). 1H NMR (500 MHz, DMSO-d6): δ 

10.28 (br. s, 1H), 9.01 (br. s, 1H), 8.58 (br. s, 1H), 7.70-7.30 (br. s, 1H), 7.67 (d, J = 7.9 Hz, 1H), 7.44 

(dd, J = 8.1, 5.2 Hz, 2H), 7.40 – 7.33 (m, 1H), 2.21 (s, 3H), 2.14 (s, 3H). 13C NMR (101 MHz, DMSO-d6): 

δ 169.26, 163.14, 160.22, 142.62, 138.85, 132.48, 130.54, 129.44, 127.36, 119.64, 116.98, 14.58, 

10.71. HRMS-ESI (m/z): [M+H]+ calc. for C13H14BrN5S+, 352.02261; Found: 352.02289. HPLC (method 

A, λ280): Purity 97.8%; tR: 5.717 min.

2-bromo-N-(N-(4,5-dimethylthiazol-2-yl)carbamimidoyl)benzimidamide (B6) Synthesized following 

the general procedure using 1-(4,5-dimethylthiazol-2-yl)guanidine (1.00 g, 5.88 mmol), sodium 

hydride  (60 % dispersion in mineral oil, 1.5 eq., 353 mg, 8.82 mmol) and 3-bromobenzonitrile (1.07 

g, 5.88 mmol) resulting in a yellow powder (1.45 g, 85%, method 1). 1H NMR (200 MHz, DMSO-d6): 

δ 10.45 (br. s, 1H), 9.01 (br. s, 1H), 8.70 (br. s, 1H), 8.20 (t, J = 1.7 Hz, 1H), 8.06-7.28 (br. s, 1H), 7.97 

(d, J = 8.0 Hz, 1H), 7.74 (ddd, J = 7.9, 1.9, 0.8 Hz, 1H), 7.46 (t, J = 7.9 Hz, 1H), 2.21 (s, 3H), 2.15 (s, 3H). 
13C NMR (50 MHz, DMSO-d6): δ 169.14, 160.12, 159.63, 142.74, 137.65, 133.81, 130.41, 130.18, 

126.29, 121.61, 117.13, 14.63, 10.76. HRMS-ESI (m/z): [M+H]+ calc. for C13H15BrN5S+, 352.02261; 

Found: 352.02377. HPLC (method A, λ280): Purity 97.3%; tR: 5.767 min.

N-(N-(4,5-dimethylthiazol-2-yl)carbamimidoyl)picolinimidamide (B7) Synthesized following the 

general procedure using 1-(4,5-dimethylthiazol-2-yl)guanidine (1.00 g, 5.88 mmol), sodium hydride  

(60% dispersion in mineral oil, 1.5 eq., 353 mg, 8.82 mmol) and 2-pyridinecarbonitrile (0.566 mL, 

5.88 mmol) resulting in a yellow powder (1.24 g, 94%, method 1). 1H NMR (500 MHz, DMSO-d6): δ 

10.19 (br. s, 1H), 9.09 (br. s, 1H), 8.68 (d, br. s. J = 4.1 Hz, 2H), 8.33 (d, J = 7.9 Hz, 1H), 7.99 (td, J = 7.7, 

1.3 Hz, 1H), 7.60 (dd, br. s, J = 6.5, 5.0 Hz, 2H), 2.21 (s, 3H), 2.15 (s, 3H). 13C NMR (101 MHz, DMSO-

d6): δ 169.29, 160.32, 158.01, 150.80, 148.50, 142.71, 137.28, 126.19, 121.80, 117.16, 14.56, 10.69. 

HRMS-ESI (m/z): [M+H]+ calc. for C12H14N6S+, 275.10734; Found: 275.10742. HPLC (method A, λ280): 

Purity >99.9%%; tR: 5.475 min.

N-(N-(4,5-dimethylthiazol-2-yl)carbamimidoyl)nicotinimidamide (B8) Synthesized following the 

general procedure using 1-(4,5-dimethylthiazol-2-yl)guanidine (1.00 g, 5.88 mmol), sodium hydride  

(60% dispersion in mineral oil, 353 mg, 8.82 mmol) and 3-pyridinecarbonitrile (612 mg, 5.88 mmol) 
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resulting in a yellow powder (742 mg, 46%, method 2). 1H NMR (500 MHz, DMSO-d6): δ 10.43 (br. s, 

1H), 9.04 (br. s, 1H), 8.67 (br. s, 1H), 8.20 (t, J = 1.6 Hz, 1H), 7.97 (d, J = 8.0 Hz, 1H), 7.80 – 7.70 (m, 

1H), 7.88 – 7.29 (br. s, 1H), 7.46 (t, J = 7.9 Hz, 1H), 2.21 (s, 3H), 2.15 (s, 3H). 13C NMR (101 MHz, 

DMSO-d6): δ 169.13, 160.11, 159.55, 151.63, 148.60, 142.72, 134.89, 131.06, 123.17, 117.16, 14.57, 

10.69. HRMS-ESI (m/z): [M+H]+ calc. for C12H14N6S+, 275.10734; Found: 275.10736. HPLC (method A, 

λ280): Purity 97.0%; tR: 5.458 min.

N-(N-(4,5-dimethylthiazol-2-yl)carbamimidoyl)isonicotinimidamide (B9) Synthesized following the 

general procedure using 1-(4,5-dimethylthiazol-2-yl)guanidine (1.00 g, 5.88 mmol), sodium hydride  

(60% dispersion in mineral oil, 1.5 eq., 353 mg, 8.82 mmol) and 4-pyridinecarbonitrile (612 mg, 5.88 

mmol) resulting in a yellow powder (548 mg, 34%, method 2). 1H NMR (500 MHz, DMSO-d6): δ 10.40 

(br. s, 1H), 9.09 (br. s, 1H), 8.73 (d, br. s., J = 5.7 Hz, 3H), 7.88 (d, J = 5.5 Hz, 2H), 7.61 (br. s, 1H), 2.21 

(s, 3H), 2.15 (s, 3H). 13C NMR (101 MHz, DMSO-d6): δ 169.05, 160.06, 159.33, 149.98, 142.78, 

121.31, 117.38, 14.55, 10.68. HRMS-ESI (m/z): [M+H]+ calc. for C12H14N6S+, 275.10734; Found: 

275.10739. HPLC (method A, λ280): Purity 99.5%; tR: 5.108 min.

N-(N-(4-phenylthiazol-2-yl)carbamimidoyl)benzimidamide (C1) Synthesized following the general 

procedure using 1-(4-phenylthiazol-2-yl)guanidine (1.00 g, 4.58 mmol), sodium hydride (60% 

dispersion in mineral oil, 1.5 eq., 275 mg, 6.88 mmol) and benzonitrile (0.47 mL, 4.58 mmol) 

resulting in a yellow powder (1.10 g, 87%, method 1). 1H NMR (400 MHz, DMSO-d6) δ 10.32 (s, 1H), 

9.11 (s, 1H), 8.67 (s, 1H), 8.06 – 7.96 (m, 2H), 7.91 – 7.84 (m, 2H), 7.71 (s, 1H), 7.59 – 7.46 (m, 4H), 

7.43 (t, J = 7.6 Hz, 2H), 7.31 (t, J = 7.3 Hz, 1H). 13C NMR (101 MHz, DMSO-d6) δ 173.13, 161.62, 

160.86, 149.77, 135.38, 134.53, 131.26, 128.70 (2C), 128.22 (2C), 127.58, 127.47 (2C), 125.56 (2C), 

106.38. HRMS-ESI (m/z): [M+H]+ calc. for C17H16N5S+, 322.11209; Found: 322.11144. UPLC (method B, 

λ280): Purity >99.9%; tR: 3.767 min.

2-chloro-N-(N-(4-phenylthiazol-2-yl)carbamimidoyl)benzimidamide (C2) Synthesized following the 

general procedure using 1-(4-phenylthiazol-2-yl)guanidine (1.00 g, 4.58 mmol), sodium hydride (60% 

dispersion in mineral oil, 1.5 eq., 275 mg, 6.88 mmol) and 2-chlorobenzonitrile (631 mg, 4.58 mmol) 

resulting in a beige powder (847 mg, 52%, method 2).1H NMR (400 MHz, DMSO-d6) δ 10.20 (s, 1H), 

9.11 (s, 1H), 8.69 (s, 1H), 7.86 (d, J = 7.2 Hz, 3H), 7.54 (s, 2H), 7.47 (d, J = 5.4 Hz, 2H), 7.43 (d, J = 6.3 

Hz, 3H), 7.34 – 7.27 (m, 1H). 13C NMR (101 MHz, DMSO-d6) δ 173.17, 162.43, 160.71, 149.72, 136.82, 

134.51, 130.56, 130.30, 129.58, 129.43, 128.69 (2C), 127.56, 126.95, 125.53 (2C), 106.51. HRMS-ESI 

(m/z): [M+H]+ calc. for C17H15N5ClS+, 356.07312; Found: 356.07231. UPLC (method B, λ280): Purity 

>99.9%; tR: 3.693 min.
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3-chloro-N-(N-(4-phenylthiazol-2-yl)carbamimidoyl)benzimidamide (C3) Synthesized following the 

general procedure using 1-(4-phenylthiazol-2-yl)guanidine (1.00 g, 4.58 mmol), sodium hydride (60% 

dispersion in mineral oil, 1.5 eq., 275 mg, 6.87 mmol) and 3-chlorobenzonitrile (630 mg, 4.58 mmol) 

resulting in a white-yellowish powder (1.24 g, 89%, method 1). 1H NMR (500 MHz, DMSO-d6): δ 

10.36 (br. s, 1H), 9.15 (br. s, 1H), 8.78 (br. s, 1H), 8.10 (t, J = 1.7 Hz, 1H), 7.98 (d, J = 7.9 Hz, 1H), 7.88 

(d, br. s, J = 7.2 Hz, 3H), 7.63 (dd, J = 8.0, 1.2 Hz, 1H), 7.54 (t, J = 7.9 Hz, 1H), 7.48 (s, 1H), 7.43 (t, J = 

7.7 Hz, 2H), 7.31 (t, J = 7.3 Hz, 1H). 13C NMR (50 MHz, DMSO-d6): δ 173.05, 160.66, 160.04, 149.85, 

137.43, 134.51, 133.20, 131.03, 130.14, 128.69, 127.59, 127.46, 126.08, 125.58, 106.53. HRMS-ESI 

(m/z): [M+H]+ calc. for C17H14ClN5S+, 356.07312; Found: 356.07321. HPLC (method A, λ280): Purity 

98.0%; tR: 7.008 min.

4-chloro-N-(N-(5-phenylthiazol-2-yl)carbamimidoyl)benzimidamide (C4) Synthesized following the 

general procedure using 1-(4-phenylthiazol-2-yl)guanidine (1.00 g, 4.58 mmol), sodium hydride  (60% 

dispersion in mineral oil, 1.5 eq., 275 mg, 6.87 mmol) and 4-chlorobenzonitrile (630 mg, 4.58 mmol) 

resulting in a pale yellow powder (1.26 mg, 90%, method 1). 1H NMR (500 MHz, DMSO-d6): δ 10.35 

(br. s, 1H), 9.14 (br. s, 1H), 8.73 (br. s, 1H), 8.05 (d, J = 8.6 Hz, 2H), 7.87 (d, J = 7.2 Hz, 2H), 7.73 (br. s, 

1H), 7.58 (d, J = 8.6 Hz, 2H), 7.47 (s, 1H), 7.43 (t, J = 7.7 Hz, 2H), 7.31 (t, J = 7.3 Hz, 1H).  13C NMR (50 

MHz, DMSO-d6): δ 173.07, 160.72, 160.43, 149.82, 136.13, 134.52, 134.17, 129.37, 128.69, 128.31, 

127.58, 125.57, 106.47. HRMS-ESI (m/z): [M+H]+ calc. for C17H14ClN5S+, 356.07312; Found: 356.07318. 

HPLC (method A, λ280): Purity 99.1%; tR: 6.925 min.

3-bromo-N-(N-(4-phenylthiazol-2-yl)carbamimidoyl)benzimidamide (C5) Synthesized following the 

general procedure using 1-(4-phenylthiazol-2-yl)guanidine (1.00 g, 4.58 mmol), sodium hydride  (60% 

dispersion in mineral oil, 1.5 eq., 275 mg, 6.87 mmol) and 3-bromobenzonitrile (833 mg, 4.58 mmol) 

resulting in a pale yellow powder (1.44 mg, 92%, method 1). 1H NMR (500 MHz, DMSO-d6): δ 10.36 

(br. s, 1H), 9.15 (br. s, 1H), 8.79 (br. s, 1H), 8.25 (s, 1H), 8.02 (d, J = 7.8 Hz, 1H), 7.88 (d, br. s, J = 7.3 

Hz, 3H), 7.76 (dd, J = 7.9, 1.0 Hz, 1H), 7.47 (dd, J = 9.1, 6.6 Hz, 2H), 7.43 (t, J = 7.7 Hz, 2H), 7.31 (t, J = 

7.3 Hz, 1H).  13C NMR (50 MHz, DMSO-d6): δ 173.11, 160.69, 160.04, 149.88, 137.62, 134.52, 133.94, 

130.38, 128.71, 127.61, 126.46, 125.61, 121.73, 106.53. HRMS-ESI (m/z): [M+H]+ calc. for 

C17H14BrN5S+, 400.02261; Found: 400.02213. HPLC (method A, λ280): Purity 98.7%; tR: 7.033 min.

4-methoxy-N-(N-(4-phenylthiazol-2-yl)carbamimidoyl)benzimidamide (C6) Synthesized following the 

general procedure using 1-(4-phenylthiazol-2-yl)guanidine (1.00 g, 4.58 mmol), sodium hydride  (60% 

dispersion in mineral oil, 1.5 eq., 275 mg, 6.87 mmol) and 4-methoxybenzonitrile (610 mg, 4.58 

mmol) resulting in a beige powder (1.31 mg, 82%, method 1). 1H NMR (400 MHz, DMSO-d6): δ 10.30 

(br. s, 1H), 9.05 (br. s, 1H), 8.55 (s, 1H), 8.01 (d, J = 8.9 Hz, 2H), 7.87 (d, J = 7.3 Hz, 2H), 7.68 (br. s, 
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1H), 7.46 (s, 1H), 7.43 (t, J = 7.7 Hz, 1H), 7.31 (t, J = 7.3 Hz, 1H), 7.04 (d, J = 8.9 Hz, 2H), 3.83 (s, 3H). 
13C NMR (101 MHz, DMSO-d6): δ 173.16, 161.77, 161.07, 160.84, 149.72, 134.54, 129.21, 128.64, 

127.50, 127.36, 125.51, 113.46, 106.11, 55.37, 38.89. HRMS-ESI (m/z): [M+H]+ calc. for C18H17N5OS+, 

352.12266; Found: 352.12268. HPLC (method A, λ280): Purity 95.1%; tR: 6.842 min.

N-(N-(4-phenylthiazol-2-yl)carbamimidoyl)picolinimidamide (C7) Synthesized following the general 

procedure using 1-(4-phenylthiazol-2-yl)guanidine (1.00 g, 4.58 mmol), sodium hydride  (60% 

dispersion in mineral oil, 1.5 eq., 275 mg, 6.87 mmol) and 2-pyridinecarbonitrile  (441 mL, 4.58 

mmol) resulting in a yellow powder (1.28 g, 87%, method 1). 1H NMR (500 MHz, DMSO-d6): δ 10.16 

(br. s, 1H), 9.19 (br. s, 1H), 8.79 (br. s, 1H), 8.70 (d, J = 3.6 Hz, 1H), 8.38 (d, J = 7.7 Hz, 1H), 8.01 (t, J = 

7.4 Hz, 1H), 8.19 – 7.70 (m, 4H), 7.88 (d, br. s, J = 7.4 Hz, 4H), 7.66 – 7.57 (m, 1H), 7.50 (s, 1H), 7.43 (t, 

J = 7.3 Hz, 2H), 7.32 (t, J = 7.0 Hz, 1H). 13C NMR (50 MHz, DMSO-d6): δ 173.20, 160.91, 158.35, 

150.73, 149.86, 148.61, 137.40, 134.50, 128.70, 127.61, 126.38, 125.59, 122.04, 106.61. HRMS-ESI 

(m/z): [M+H]+ calc. for C16H14N6S+, 323.10734; Found: 323.10770. HPLC (method A, λ280): Purity 

98.0%; tR: 6.692 min.

N-(N-(4-phenylthiazol-2-yl)carbamimidoyl)nicotinimidamide (C8) Synthesized following the general 

procedure using 1-(4-phenylthiazol-2-yl)guanidine (1.00 g, 4.58 mmol), sodium hydride  (60% 

dispersion in mineral oil, 1.5 eq., 275 mg, 6.87 mmol) and 3-cyanopyridine (477 mg, 4.58 mmol) 

resulting in a yellowish powder (694 mg, 47%, method 2). 1H NMR (500 MHz, DMSO-d6): δ 10.30 (br. 

s, 1H), 9.17 (d, br. s, J = 1.6 Hz, 2H), 8.82 (br. s, 1H), 8.73 (dd, J = 4.7, 1.4 Hz, 1H), 8.33 (d, J = 8.0 Hz, 

1H), 7.88 (d, br. s, J = 7.3 Hz, 3H), 7.54 (dd, J = 7.8, 4.8 Hz, 1H), 7.49 (s, 1H), 7.43 (t, J = 7.6 Hz, 2H), 

7.32 (t, J = 7.3 Hz, 1H). 13C NMR (50 MHz, DMSO-d6): δ 173.07, 160.68, 159.88, 151.80, 149.86, 

148.77, 135.10, 134.52, 131.05, 128.71, 127.60, 125.59, 123.25, 106.58. HRMS-ESI (m/z): [M+H]+ calc. 

for C16H14N6S+, 323.10734; Found: 323.10764. HPLC (method A, λ280): Purity 96.9%; tR: 6.075 min.

N-(N-(4-phenylthiazol-2-yl)carbamimidoyl)isonicotinimidamide (C9) Synthesized following the 

general procedure using 1-(4-phenylthiazol-2-yl)guanidine (1.00 g, 4.58 mmol), sodium hydride  (60% 

dispersion in mineral oil, 1.5 eq., 275 mg, 6.87 mmol) and 4-pyridinecarbonitrile (477 mg, 4.58 

mmol) resulting in a yellowish powder (871 mg, 59%, method 2). 1H NMR (500 MHz, DMSO-d6): δ 

10.30 (br. s, 1H), 9.20 (br. s, 1H), 8.86 (br. s, 1H), 8.75 (dd, J = 4.5, 1.6 Hz, 2H), 7.92 (dd, J = 4.5, 1.6 

Hz, 2H), 7.88 (d, br. s, J = 7.2 Hz, 3H), 7.50 (s, 1H), 7.43 (t, J = 7.7 Hz, 2H), 7.32 (t, J = 7.3 Hz, 1H). 13C 

NMR (50 MHz, DMSO-d6): δ 173.00, 160.64, 159.63, 150.09, 149.90, 142.74, 134.50, 128.72, 127.63, 

125.61, 121.49, 106.75. HRMS-ESI (m/z): [M+H]+ calc. for C16H14N6S+, 323.10734; Found: 323.10757. 

HPLC (method A, λ280): Purity 95.2%; tR: 6.058 min.
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N-(N-(4-(3-nitrophenyl)thiazol-2-yl)carbamimidoyl)benzimidamide (D1) Synthesized following the 

general procedure A using 1-(4-(3-nitrophenyl)thiazol-2-yl)guanidine (1.00 g, 3.80 mmol), sodium 

hydride (60% dispersion in mineral oil, 1.5 eq., 228 mg, 5.70 mmol) and benzonitrile (0.39 mL, 5.20 

mmol) resulting in a orange powder (933 mg, 67%, method 2).1H NMR (400 MHz, DMSO-d6) δ 10.17 

(s, 1H), 8.63 (t, J = 2.0 Hz, 3H), 8.34 (d, J = 8.1 Hz, 1H), 8.16 (dd, J = 8.3, 1.9 Hz, 1H), 8.14 – 7.81 (m, 

3H), 7.81 (s, 1H), 7.73 (t, J = 8.0 Hz, 1H), 7.59 – 7.44 (m, 3H). 13C NMR (101 MHz, DMSO-d6) δ 173.40, 

161.58, 161.01, 148.39, 147.43, 136.09, 135.28, 131.84, 131.30, 130.32, 128.23 (2C), 127.51 (2C), 

122.05, 119.77, 109.19. HRMS-ESI (m/z): [M+H]+ calc. for C17H15 O2N6S+, 367.09717; Found: 

367.09622. UPLC (method B, λ280): Purity >99.9%%; tR: 3.733 min. [M+H]+ calc. for C17H15O2N6S+, 

367.09717; Found: 367.09622.

2-chloro-N-(N-(4-(3-nitrophenyl)thiazol-2-yl)carbamimidoyl)benzimidamide (D2) Synthesized 

following the general procedure A using 1-(4-(3-nitrophenyl)thiazol-2-yl)guanidine (1.00 g, 3.80 

mmol), sodium hydride  (60% dispersion in mineral oil, 1.5 eq., 228 mg, 5.70 mmol) and 2-

chlorobenzonitrile (523 mg, 3.80 mmol) resulting in an orange powder (1.26 g, 82%, method 1). 1H 

NMR (400 MHz, DMSO-d6): δ 10.08 (br. s, 1H), 8.83 (br. s, 1H), 8.70 (br. s, 1H), 8.62 (s, 1H), 8.34 (d, J 

= 7.7 Hz, 1H), 8.15 (d, J = 7.4 Hz, 1H), 8.03-7.64 (br. s, 1H), 7.81 (s, 1H), 7.72 (t, J = 7.7 Hz, 1H), 7.52 (t, 

J = 7.8 Hz, 2H), 7.49 – 7.37 (m, 2H). 13C NMR (101 MHz, DMSO-d6): δ 173.55, 162.25, 160.72, 148.36, 

147.36, 136.69, 136.00, 131.76, 130.52, 130.25 (2C), 129.51, 129.39, 126.87, 121.95, 119.70, 109.25. 

HRMS-ESI (m/z): [M+H]+ calc. for C17H13ClN6O2S+, 401.05820; Found: 401.05820. HPLC (method A, 

λ280): Purity 95.2%; tR: 6.858 min.

3-chloro-N-(N-(4-(3-nitrophenyl)thiazol-2-yl)carbamimidoyl)benzimidamide (D3) Synthesized 

following the general procedure using 1-(4-(3-nitrophenyl)thiazol-2-yl)guanidine (1.00 g, 3.80 mmol), 

sodium hydride  (60% dispersion in mineral oil, 1.5 eq., 228 mg, 5.70 mmol) and 3-chlorobenzonitrile 

(523 mg, 3.80 mmol) resulting in a yellow powder (1.28 g, 84%, method 1). 1H NMR (500 MHz, 

DMSO-d6): δ 10.22 (br. s, 1H), 8.77 (br. s, 1H), 8.62 (s, 1H), 8.34 (d, J = 7.7 Hz, 1H),8.23-7.91 (br. s, 

1H), 8.15 (d, J = 8.0 Hz, 1H), 8.09 (s, 1H), 7.97 (d, J = 7.7 Hz, 1H), 7.80 (s, 1H), 7.72 (t, J = 8.0 Hz, 1H), 

7.63 (d, J = 7.9 Hz, 1H), 7.54 (t, J = 7.9 Hz, 1H). 13C NMR (50 MHz, DMSO-d6): δ 173.31, 160.75, 

160.02, 148.34, 147.48, 137.34, 136.02, 133.17, 131.83, 131.05, 130.24, 130.17, 127.45, 126.11, 

122.02, 119.78, 109.32. HRMS-ESI (m/z): [M+H]+ calc. for C17H13ClN6O2S+, 401.05820; Found: 

401.05835. HPLC (method A, λ280): Purity 95.5%; tR: 7.025 min.

4-chloro-N-(N-(4-(3-nitrophenyl)thiazol-2-yl)carbamimidoyl)benzimidamide (D4) Synthesized 

following the general procedure using 1-(4-(3-nitrophenyl)thiazol-2-yl)guanidine (1.00 g, 3.80 mmol), 

sodium hydride  (60% dispersion in mineral oil, 1.5 eq., 228 mg, 5.70 mmol) and 4-chlorobenzonitrile 
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(523 mg, 3.80 mmol) resulting in a dark yellow powder (1.09 mg, 81%, method 1). 1H NMR (200 MHz, 

DMSO-d6): δ 10.15 (br. s, 1H), 8.74 (br. s, 2H), 8.68 – 8.60 (m, 1H), 8.55-7.90 (br. s, 1H), 8.39 – 8.30 

(m, 1H), 8.16 (ddd, J = 8.2, 2.3, 0.8 Hz, 1H), 8.10 – 7.97 (m, 2H), 7.82 (s, 1H), 7.72 (t, J = 8.0 Hz, 1H), 

7.66 – 7.48 (m, 2H). 13C NMR (50 MHz, DMSO-d6): δ 173.37, 160.84, 160.46, 148.30, 147.47, 136.17, 

136.04, 134.10, 131.77, 130.16, 129.40 (2C), 128.29 (2C), 121.96, 119.77, 109.19. HRMS-ESI (m/z): 

[M+H]+ calc. for C17H13ClN6O2S+, 401.05820; Found: 401.05853. HPLC (method A, λ280): Purity 96.7%; 

tR: 7.033 min.

3-bromo-N-(N-(4-(3-nitrophenyl)thiazol-2-yl)carbamimidoyl)benzimidamide (D5) Synthesized 

following the general procedure using 1-(4-(3-nitrophenyl)thiazol-2-yl)guanidine (1.00 g, 3.80 mmol), 

sodium hydride  (60% dispersion in mineral oil, 1.5 eq., 228 mg, 5.70 mmol) and 3-bromobenzonitrile 

(692 mg, 3.80 mmol) resulting in a yellow powder (1.61 g, 95%, method 1). 1H NMR (500 MHz, 

DMSO-d6): δ 10.21 (s, 1H), 8.78 (s, 2H), 8.62 (s, 1H), 8.34 (d, J = 7.5 Hz, 1H), 8.23 (s, 1H), 8.19 (br. s, 

1H), 8.15 (d, J = 7.8 Hz, 1H), 8.01 (d, J = 7.5 Hz, 1H), 7.80 (s, 1H), 7.76 (d, J = 7.7 Hz, 1H), 7.72 (t, J = 

7.9 Hz, 1H), 7.48 (t, J = 7.8 Hz, 1H). 13C NMR (50 MHz, DMSO-d6): δ 173.32, 160.75, 159.98, 148.31, 

147.48, 137.51, 136.01, 133.95, 131.81, 130.37, 130.20, 126.47, 121.99, 121.66, 119.77, 109.28. 

HRMS-ESI (m/z): [M+H]+ calc. for C17H13BrN6O2S+, 445.00768; Found: 445.00806. HPLC (method A, 

λ280): Purity 99.1%; tR: 7.100 min.

N-(N-(4-(3-nitrophenyl)thiazol-2-yl)carbamimidoyl)picolinimidamide (D6) Synthesized following the 

general procedure A using 1-(4-(3-nitrophenyl)thiazol-2-yl)guanidine (1.00 g, 3.80 mmol), sodium 

hydride  (60% dispersion in mineral oil, 1.5 eq., 228 mg, 5.70 mmol) and 2-pyridinecarbonitrile (366 

mL, 3.80 mmol) resulting in a yellow powder (1.26 g, 90%, method 1). 1H NMR (500 MHz, DMSO-d6): 

δ 10.03 (br. s, 1H), 9.08 (br. s, 1H), 8.78 (br. s, 1H), 8.71 (d, J = 4.2 Hz, 1H), 8.66 – 8.61 (m, 1H), 8.38 

(d, J = 7.9 Hz, 1H), 8.35 (d, J = 7.9 Hz, 1H), 8.16 (dd, J = 8.1, 1.5 Hz, 1H), 8.02 (td, J = 7.8, 1.6 Hz, 1H), 

7.91 (br. s, 1H), 7.82 (s, 1H), 7.73 (t, J = 8.0 Hz, 1H), 7.63 (ddd, J = 7.4, 4.8, 1.0 Hz, 1H). 13C NMR (50 

MHz, DMSO-d6): δ 173.49, 161.02, 158.37, 150.67, 148.58, 148.29, 147.51, 137.39, 135.99, 131.78, 

130.16, 126.39, 122.10, 121.99, 119.78, 109.31. HRMS-ESI (m/z): [M+H]+ calc. for C16H13N7O2S+, 

368.09242; Found: 368.09274. HPLC (method A, λ280): Purity 99.2%; tR: 6.850 min.

N-(N-(4-(3-nitrophenyl)thiazol-2-yl)carbamimidoyl)nicotinimidamide (D7) Synthesized following the 

general procedure using 1-(4-(3-nitrophenyl)thiazol-2-yl)guanidine (1.00 g, 3.80 mmol), sodium 

hydride  (60% dispersion in mineral oil, 1.5 eq., 228 mg, 5.70 mmol) and 3-pyridinecarbonitrile (395 

mg, 3.80 mmol) resulting in a yellow powder (656 mg, 47%, method 2). 1H NMR (500 MHz, DMSO-

d6): δ 10.14 (br s, 1H), 8.84 (br. s, 2H), 8.75 (d, J = 5.8 Hz, 2H), 8.63 (s, 1H), 8.34 (d, J = 7.8 Hz, 1H), 

8.15 (dd, J = 8.0, 1.4 Hz, 1H), 7.91 (d, J = 5.8 Hz, 2H), 7.86 (br. s, 1H), 7.82 (s, 1H), 7.72 (t, J = 8.0 Hz, 
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1H). 13C NMR (50 MHz, DMSO-d6): δ 173.23, 160.74, 159.55, 150.07, 148.33, 147.49, 142.64, 136.00, 

131.80, 130.20, 122.01, 121.49, 119.79, 109.48. HRMS-ESI (m/z): [M+H]+ calc. for C16H13N7O2S+, 

368.09242; Found: 368.09283.  HPLC (method A, λ280): Purity 95.1%; tR: 6.350 min.

N-(N-(4-(3-nitrophenyl)thiazol-2-yl)carbamimidoyl)isonicotinimidamide (D8) Synthesized following 

the general procedure using 1-(4-(3-nitrophenyl)thiazol-2-yl)guanidine (1.00 g, 3.80 mmol), sodium 

hydride  (60% dispersion in mineral oil, 1.5 eq., 228 mg, 5.70 mmol) and 4-pyridinecarbonitrile (395 

mg, 3.80 mmol) resulting in a yellow powder (544 mg, 39%, method 2). 1H NMR (500 MHz, DMSO-

d6): δ 10.14 (br. s, 1H), 9.17 (d, J = 1.6 Hz, 1H), 8.81 (br. s, 2H), 8.73 (dd, J = 4.7, 1.4 Hz, 1H), 8.63 (s, 

1H), 8.33 (t, J = 8.4 Hz, 2H), 8.15 (dd, J = 8.1, 1.5 Hz, 1H), 7.81 (s, 1H), 7.76 (br. s, 1H), 7.72 (t, J = 8.0 

Hz, 1H), 7.54 (dd, J = 7.8, 4.8 Hz, 1H). 13C NMR (50 MHz, DMSO-d6): δ 173.30, 160.78, 159.84, 151.81, 

148.78, 148.32, 147.48, 136.02, 135.13, 131.79, 130.97, 130.19, 123.25, 121.99, 119.79, 109.31. 

HRMS-ESI (m/z): [M+H]+ calc. for C16H13N7O2S+, 368.09242; Found: 368.09283. HPLC (method A, λ280): 

Purity 96.8%; tR: 6.367 min.

II. Spectra for all compounds
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230217icn28 #23 RT: 0.22 AV: 1 NL: 2.18E10
T: FTMS + p ESI Full lock ms [100.00-800.00]
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2-chloro-N-(N-(4-methylthiazol-2-yl)carbamimidoyl)benzimidamide (A2)
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200417icn08 #24 RT: 0.22 AV: 1 NL: 8.20E9
T: FTMS + p ESI Full lock ms [100.00-600.00]
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3-chloro-N-(N-(4-methylthiazol-2-yl)carbamimidoyl)benzimidamide (A3)
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230217icn29 #18 RT: 0.17 AV: 1 NL: 1.32E10
T: FTMS + p ESI Full lock ms [100.00-800.00]
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4-chloro-N-(N-(4-methylthiazol-2-yl)carbamimidoyl)benzimidamide (A4) 
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230217icn30 #26 RT: 0.25 AV: 1 NL: 1.19E10
T: FTMS + p ESI Full lock ms [100.00-800.00]
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2-bromo-N-(N-(4-methylthiazol-2-yl)carbamimidoyl)benzimidamide (A5) 
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c:\xcalibur\data\200417icn15 04/20/17 13:11:02
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3-bromo-N-(N-(4-methylthiazol-2-yl)carbamimidoyl)benzimidamide (A6) 
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230217icn31 #21 RT: 0.20 AV: 1 NL: 8.78E9
T: FTMS + p ESI Full lock ms [100.00-800.00]
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3-methoxy-N-(N-(4-methylthiazol-2-yl)carbamimidoyl)benzimidamide (A7)
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MTF560 #762-833 RT: 6.07-6.59 AV: 36 NL: 1.10E10
T: FTMS + p ESI Full ms [132.0000-1200.0000]
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4-methoxy-N-(N-(4-methylthiazol-2-yl)carbamimidoyl)benzimidamide (A8) 
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200417icn10 #22 RT: 0.21 AV: 1 NL: 6.90E9
T: FTMS + p ESI Full lock ms [100.00-600.00]
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N-(N-(4-methylthiazol-2-yl)carbamimidoyl)picolinimidamide (A9) 
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200417icn20 #24 RT: 0.22 AV: 1 NL: 6.54E9
T: FTMS + p ESI Full lock ms [100.00-600.00]
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N-(N-(4-methylthiazol-2-yl)carbamimidoyl)nicotinimidamide (A10) 
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230217icn32 #23 RT: 0.22 AV: 1 NL: 1.92E10
T: FTMS + p ESI Full lock ms [100.00-800.00]
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N-(N-(4-methylthiazol-2-yl)carbamimidoyl)isonicotinimidamide (A11) 
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230217icn33 #11 RT: 0.10 AV: 1 NL: 2.19E10
T: FTMS + p ESI Full lock ms [100.00-800.00]
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N-(N-(4,5-dimethylthiazol-2-yl)carbamimidoyl)benzimidamide (B1) 
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200417icn03 #22 RT: 0.20 AV: 1 NL: 7.38E9
T: FTMS + p ESI Full ms [100.00-600.00]
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C 13 H16 N5 S = 274.11209
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2-chloro-N-(N-(4,5-dimethylthiazol-2-yl)carbamimidoyl)benzimidamide (B2) 
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200417icn16 #21 RT: 0.19 AV: 1 NL: 4.56E9
T: FTMS + p ESI Full lock ms [100.00-600.00]
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C 13 H15 N5 Cl S = 308.07312
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3-chloro-N-(N-(4,5-dimethylthiazol-2-yl)carbamimidoyl)benzimidamide (B3) 
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200417icn06 #26 RT: 0.24 AV: 1 NL: 3.18E9
T: FTMS + p ESI Full lock ms [100.00-600.00]
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C 13 H15 N5 Cl S = 308.07312
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4-chloro-N-(N-(4,5-dimethylthiazol-2-yl)carbamimidoyl)benzimidamide (B4) 
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200417ICN01 #11 RT: 0.12 AV: 1 NL: 2.22E9
T: FTMS + p ESI Full ms [100.00-600.00]
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2-bromo-N-(N-(4,5-dimethylthiazol-2-yl)carbamimidoyl)benzimidamide (B5) 
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200417icn11 #2 RT: 0.02 AV: 1 NL: 3.62E8
T: FTMS + p ESI Full lock ms [100.00-600.00]
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C 13 H15 N5 Br S = 352.02261
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2-bromo-N-(N-(4,5-dimethylthiazol-2-yl)carbamimidoyl)benzimidamide (B6) 
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c:\xcalibur\data\180717icn17 07/18/17 12:46:29

180717icn17 #11 RT: 0.10 AV: 1 NL: 1.09E10
T: FTMS + p ESI Full ms [100.0000-900.0000]
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180717icn17 #11 RT: 0.10 AV: 1 NL: 1.05E10
T: FTMS + p ESI Full ms [100.0000-900.0000]
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N-(N-(4,5-dimethylthiazol-2-yl)carbamimidoyl)picolinimidamide (B7) 
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200417icn19 #29 RT: 0.27 AV: 1 NL: 7.56E9
T: FTMS + p ESI Full lock ms [100.00-600.00]
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C 12 H15 N6 S = 275.10734
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N-(N-(4,5-dimethylthiazol-2-yl)carbamimidoyl)nicotinimidamide (B8) 
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200417icn12 #10 RT: 0.09 AV: 1 NL: 1.25E10
T: FTMS + p ESI Full ms [100.00-600.00]
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m/z

0

500000000

1000000000

1500000000

2000000000

2500000000

3000000000

3500000000

4000000000

4500000000

5000000000

5500000000

6000000000

6500000000

7000000000

7500000000

8000000000

8500000000

9000000000

9500000000

10000000000

10500000000

11000000000

11500000000

12000000000

12500000000

R
el

at
iv

e 
A

bu
nd

an
ce

275.10736
C 12 H15 N6 S = 275.10734
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N-(N-(4,5-dimethylthiazol-2-yl)carbamimidoyl)isonicotinimidamide (B9) 
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200417icn18 #22 RT: 0.20 AV: 1 NL: 3.44E9
T: FTMS + p ESI Full lock ms [100.00-600.00]
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C 12 H15 N6 S = 275.10734
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N-(N-(4-phenylthiazol-2-yl)carbamimidoyl)benzimidamide (C1)
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1H NMR (DMSO-d6, 400 MHz)
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MTF561 #1047-1100 RT: 8.31-8.71 AV: 27 NL: 1.05E10
T: FTMS + p ESI Full ms [132.0000-1200.0000]
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2-chloro-N-(N-(4-phenylthiazol-2-yl)carbamimidoyl)benzimidamide (C2)
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MTF562 #1029-1105 RT: 8.20-8.77 AV: 39 NL: 1.03E10
T: FTMS + p ESI Full ms [132.0000-1200.0000]
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3-chloro-N-(N-(4-phenylthiazol-2-yl)carbamimidoyl)benzimidamide (C3) 
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230217icn21 #39 RT: 0.37 AV: 1 NL: 1.97E9
T: FTMS + p ESI Full lock ms [100.00-800.00]
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4-chloro-N-(N-(5-phenylthiazol-2-yl)carbamimidoyl)benzimidamide (C4)
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230217icn22 #33 RT: 0.31 AV: 1 NL: 9.84E9
T: FTMS + p ESI Full lock ms [100.00-800.00]
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3-bromo-N-(N-(4-phenylthiazol-2-yl)carbamimidoyl)benzimidamide (C5) 
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230217icn13 #19 RT: 0.18 AV: 1 NL: 8.98E9
T: FTMS + p ESI Full lock ms [100.00-800.00]
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4-methoxy-N-(N-(4-phenylthiazol-2-yl)carbamimidoyl)benzimidamide (C6) 
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200417ICN02_170420121506 #15 RT: 0.14 AV: 1 NL: 1.39E10
T: FTMS + p ESI Full ms [100.00-600.00]
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C 18 H18 O N5 S = 352.12266
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N-(N-(4-phenylthiazol-2-yl)carbamimidoyl)picolinimidamide (C7) 
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230217icn18 #73 RT: 0.69 AV: 1 NL: 4.95E9
T: FTMS + p ESI Full lock ms [100.00-800.00]
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N-(N-(4-phenylthiazol-2-yl)carbamimidoyl)nicotinimidamide (C8) 
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230217icn24 #22 RT: 0.21 AV: 1 NL: 9.41E9
T: FTMS + p ESI Full lock ms [100.00-800.00]

322.5 323.0 323.5 324.0 324.5 325.0 325.5 326.0 326.5 327.0 327.5
m/z

0

500000000

1000000000

1500000000

2000000000

2500000000

3000000000

3500000000

4000000000

4500000000

5000000000

5500000000

6000000000

6500000000

7000000000

7500000000

8000000000

8500000000

9000000000

R
el

at
iv

e 
Ab

un
da

nc
e

323.10764
C 16 H15 N6 S = 323.10734
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N-(N-(4-phenylthiazol-2-yl)carbamimidoyl)isonicotinimidamide (C9) 
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230217icn25 #34 RT: 0.32 AV: 1 NL: 7.49E9
T: FTMS + p ESI Full lock ms [100.00-800.00]
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C 16 H15 N6 S = 323.10734

0.72023 ppm

N

S

N

NH3

N

NH2

N

C9
Exact Mass: 323,10734

N

S

N

NH2

N

NH2

N

C9



79

N-(N-(4-(3-nitrophenyl)thiazol-2-yl)carbamimidoyl)benzimidamide (D1)
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MTF563 #1034-1099 RT: 8.26-8.74 AV: 33 NL: 1.16E10
T: FTMS + p ESI Full ms [132.0000-1200.0000]
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2-chloro-N-(N-(4-(3-nitrophenyl)thiazol-2-yl)carbamimidoyl)benzimidamide (D2) 
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200417ICN09 #10 RT: 0.09 AV: 1 NL: 1.12E10
T: FTMS + p ESI Full ms [100.00-600.00]
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3-chloro-N-(N-(4-(3-nitrophenyl)thiazol-2-yl)carbamimidoyl)benzimidamide (D3) 
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230217icn26 #31 RT: 0.29 AV: 1 NL: 4.13E9
T: FTMS + p ESI Full lock ms [100.00-800.00]
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4-chloro-N-(N-(4-(3-nitrophenyl)thiazol-2-yl)carbamimidoyl)benzimidamide (D4)
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230217icn27 #51 RT: 0.48 AV: 1 NL: 4.68E9
T: FTMS + p ESI Full lock ms [100.00-800.00]
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3-bromo-N-(N-(4-(3-nitrophenyl)thiazol-2-yl)carbamimidoyl)benzimidamide (D5) 
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230217icn14 #14 RT: 0.13 AV: 1 NL: 7.73E9
T: FTMS + p ESI Full lock ms [100.00-800.00]
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N-(N-(4-(3-nitrophenyl)thiazol-2-yl)carbamimidoyl)picolinimidamide (D6)
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230217icn15 #17 RT: 0.16 AV: 1 NL: 6.63E9
T: FTMS + p ESI Full lock ms [100.00-800.00]
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N-(N-(4-(3-nitrophenyl)thiazol-2-yl)carbamimidoyl)nicotinimidamide (D7) 
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230217icn16 #89 RT: 0.84 AV: 1 NL: 1.80E9
T: FTMS + p ESI Full lock ms [100.00-800.00]
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N-(N-(4-(3-nitrophenyl)thiazol-2-yl)carbamimidoyl)isonicotinimidamide (D8) 
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230217icn17 #102 RT: 0.96 AV: 1 NL: 9.62E8
T: FTMS + p ESI Full lock ms [100.00-800.00]
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III. Condition screening 

Conditions screening for the conversion of model guanidine 7 to the arylbiamidine B1.

Conversion (%)b
Entry Conditions a

2 h 20 h
1 Ethanol, 70°C 0 0

2 12M aq. HCl/Ethanol (1/1), 70°C 0 0

3 Acetic acid, 70°C 0 0

4 Acetic acid, 90°C 0 1

5 TFA /1,2-propanediol (1:1), 70°C 0 0

6 THF/aq. 5M KOH/MeOH (0.5/0.2/0.3) 0 1

7 NaH, DMF, argon, 0°C to rt 92 92

8 AlCl3 (1.2 equiv.), DCE, 80°C 0.5 0.5

9 FeCl3 (1.2 equiv.), DCE, 80°C 0 0

10 SnCl4 (1.2 equiv.), DCE, 80°C 0 0

11 ZnCl2 (1.2 equiv.), DCE, 80°C 0 0

12 POCl3 (1.2 equiv.), DCE, 80°C 14 12
a Reactions were performed using 1.0 equiv. of benzonitrile. b Conversions are reported in terms of product formation 
observed by UHPLC-DAD at 254 nm. DCE: 1,2-dichloroethane.
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IV. Stability of compound B1

Stability in DMSO. A 10 mg/mL stock solution of B1 was prepared in DMSO and incubated at 20°C. 

Aliquots were taken and in injected for 20 days in methanol to the UPLC (Method B, 254 nm).

Stability in THF. A 10 mg/mL stock solution of B1 was prepared in THF and incubated at 20°C. 

Aliquots were taken and in injected for 96 h in methanol to the UPLC (Method B, 254 nm).

Stability in 0.1 M phosphate buffer pH 7.0. An aliquot of the 10 mg/mL stock solution of B1 

prepared in THF was taken and incubated in 0.1 M phosphate buffer pH 7.0 containing 33% THF to 

improve solubility. Aliquots were taken and in injected for 96 h to the UPLC (Method B, 254 nm).
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Stability in cell media (DMEM-PS + FBS). An aliquot of the 10 mg/mL stock solution of B1 prepared 

in THF was taken and incubated in the cell media used in the experiments of cell viability (DMEM-PS 

+ FBS) containing 33% THF to improve solubility. Aliquots were taken and in injected for 96 h to the 

UPLC (Method B, 254 nm).
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V. Crystallographic data for compound B1

Compound B1 was crystallized from a dichloromethane saturated solution. The packing of this 

compound is shown below. Compound B1 is observed in solid-state as head-to-tail dimers, formed 

by two intermolecular hydrogen bonds N–H···N, as well as hydrophobic dimethylthiazole-phenyl 

short contacts. Interestingly, the crystal structure analysis also showed a 3D structure in which the 

phenyl substituent is twisted by 31° relative to the amidine fragment N1–C7–N2. This can be 

explained by the low intermolecular aromatic interaction with the thiazole moiety.
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VI. IR comparison between guanidine 7 and arylbiamidine B1 
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VII. Determination of pKaH 

Compound pKaH (predicted) a pKaH (experimental) log Db log Sb

s
spKaH

s
wpKaH (pH 7) (pH 7)

GUANIDINES 
Guanidine 11.40 13.09 ± 0.11 12.56 ± 0.10 -3.65 2.42
Phenyl 9.70 -1.45 0.37
Methylthiazolyl 7.20 -1.3 0.63
Dimethylthiazolyl 7.30 7.30 ± 0.02 6.89 ± 0.01 -0.7 0.25
Phenylthiazolyl 6.10 1.02 -2.27
Nitrophenylthiazolyl 5.60 1.42 -3.52

BIAMIDINES c

Biamidine 9.00 -5.57 1.63
R1-Phenyl 8.30 -3.22 0.00
R1,R2-Diphenyl 6.85 0.45 -1.32
Methylthiazolyl 6.35 0.09 -1.42
Dimethylthiazolyl 6.40 7.00 ± 0.02 6.61 ± 0.01 0.73 -1.92
Phenylthiazoyl 6.45 2.00 -3.50
m-Nitrophenylthiazolyl 6.30 1.94 -4.14

BIGUANIDES
Biguanide 11.00 -4.17 2.15
o-Tolyl 10.20 10.94 ± 0.02 10.44 ± 0.01 -1.58 0.00
N1,N5-Diphenyl 6.77 0.49 -1.54
N1,N5-Thiazolephenyl 5.95 0.58 -1.85

aValues refer to pKaH (couples amidine/amidine-H+) and were predicted with the ChemAxon online calculator 
(https://disco.chemaxon.com/calculators/demo/plugins). blog D and log S were estimated from ChemAxon calculators. Log 
D values presented refer to log P (water:octanol partition coefficient) estimations at a pH  7. Log S is the 10-based 
logarithm of the solubility measured in mol/L, log S = log (solubility in water measured in mol/L).The ChemAxon model is 
based on the VG method (derived from Viswanadhan et al.6). The Chemaxon Plugin Calculator was accessed as freeware 
online: https://disco.chemaxon.com/calculators/demo/plugins. C Values estimated for the major tautomer:

N N

NH2 NH2
R1

R2

pKaH determination procedure 

The pK values were determined with two different potentiometric procedures which lead to two 

different pK values: the s
spKaH value in the pH scale relative to each acetonitrile–water mixture (s

spH) 

and the s
wpKaH value in the absolute pH scale (s

wpH) referring to water as standard state. The system 

was calibrated with buffer solutions in the corresponding solvent (acetonitrile/water, 1/1, v/v).7, 8

https://disco.chemaxon.com/calculators/demo/plugins
https://disco.chemaxon.com/calculators/demo/plugins
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Macroscopic properties of relevant interest for pH measurement in acetonitrile-water mixtures at 

25°C (50% mixture): A = 0.791; aoB = 1.74.
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VIII. Biological evaluation 

Reagents. Trypan blue, DMEM, RPMI, penicillin/streptomycin, trypsin, were purchased from Life 

Technologies (Waltham, MA, USA), fetal calf serum (FCS) from Hyclone.

Cell culture. The cell culture of melanoma cell line A375 was done as previously described.9 A375 

melanoma cell line was purchased from the American Tissue Culture Collection. Cells were grown in 

DMEM (Thermofisher) supplemented with 10% FCS and penicillin/streptomycin (100 U/mL / 50 

mg/mL) at 37°C and 5% CO2. PLX-4032 (vemurafenib) was purchased from Selleckchem and 

resuspended in DMSO (Sigma Aldrich).

Trypan blue exclusion assays for viability test. For trypan blue staining, 200 µL of cells was 

aseptically transferred to a 1.5mL clear Eppendorf tube and incubated for 3 minutes at room 

temperature with an equal volume of 0.4% trypan blue solution. Viable cells were counted with a 

Malassez chamber and the results are expressed as the percentage of the value of control cells. All 

the experiments are performed in triplicate.

Western Blot Assays. Western blot analyses were performed as described previously10. Proteins 

were extracted in buffer containing 50 mmoL/L Tris-HCl (pH 7.5), 15 mmoL/L NaCl, 1% Triton X-100, 

and 1X protease and phosphatase inhibitors. Briefly, cell lysates (30 µg) were separated by SDS-

PAGE, transferred to a polyvinylidene fluoride membrane (Millipore), and then exposed to the PARP 

(Cell Signaling Technologies #9542) or Actin (Cell Signaling Technologies #3700) antibodies. Proteins 

were visualized with the ECL System from Amersham.

Crystal violet staining. A375 Cells were plated in 12 well-plate and treated with the indicated 

compounds for 24 h. Cells were washed twice with PBS, then stained with crystal violet solution (2 g 

crystal violet in 100 mL ethanol, Vf = 500 mL) for 1 h at room temperature. Cells were washed 5 

times with PBS then decolorated with 60% acetic acid for 1 h. Optical density of each sample was 

measured at 561 nm.

1. Viability test – Melanoma cell line A375

Activity against A375 melanoma cells after 24 h and 48 h incubation at 5 µM and 10 µM 
concentrations. Values are shown in terms of cell viability (%).

5 μM[a] 10 μM[a]Biamidine

derivatives 24 h (%) 48 h (%) 24 h (%) 48 h (%)

A1 120.2 ± 13.2 50.5 ± 1.0 107.5 ± 5.6 123.3 ± 1.5

A2 80.1 ±0.3 117.3 ± 3.0 104.1 ± 1.6 76.9 ± 1.7

A3 45.7 ± 7.1 91.3 ± 0.9 100.7 ± 2.5 78.7 ± 1.8



103

A4 48.4 ± 5.8 137.9 ± 4.3 70.1 ± 6.9 99.0 ± 0.4

A5 60.9 ± 2.4 86.7 ± 2.6 53.7 ± 0.4 69.5 ± 1.9

A6 67.4 ± 0.6 71.5 ± 0.3 65.5 ± 0.4 53.6 ± 0.1

A7 114.2 ± 4.01 116.8 ± 0.3 64.3 ± 1.5 69.1 ± 2.8

A8 88.1 ± 4.8 76.4 ± 1.0 141.9 ± 7.2 66.0 ± 0.4

A9 95.5 ± 6.9 105.3 ± 0.1 112.9 ± 2.9 63.7 ± 0.1

A10 51.3 ± 4.8 56.8 ± 4.1 77.8 ± 0.25 28.8 ± 1.76

A11 114.9 ± 1.2 95.2 ± 1.3 128.2 ± 1.0 41.3 ± 0.1

B1 109.2 ± 5.4 40.5 ± 0.3 66.1 ± 3.4 35.9 ± 1.3

B2 96.0 ± 5.1 55.0 ± 0.9 50.8 ± 3.2 32.9 ± 0.3

B3 74.0 ± 7.9 43.1 ± 2.1 106.4 ± 7.1 29.0 ± 2.2

B4 104.6 ± 5.2 48.0 ± 2.1 94.8 ± 3.7 36.1 ± 0.4

B5 108.9 ± 9.6 37.3 ± 1.3 66.1 ± 3.8 39.3 ± 0.3

B6 32.4 ± 0.4 27.7 ± 0.1 35.6 ± 1.1 24.4 ± 0.6

B7 86.2 ± 4.3 59.8 ± 0.4 97.9 ± 4.8 24.9 ± 0.5

B8 97.2 ± 6.5 67.5 ± 0.8 87.5 ± 3.7 50.2 ± 1.7

B9 91.1 ± 4.3 70.3 ± 2.6 72.8 ± 7.7 42.4 ± 0.2

C1 48.9 ± 0.1 55.5 ± 0.8 46.2 ± 0.7 62.0 ± 0.7

C2 49.3 ± 0.1 68.5 ± 1.4 51.8 ± 1.9 64.6 ± 2.7

C3 133.3 ± 20.6 111.4 ± 2.3 134.2 ± 1.6 102.1 ± 0.9

C4 138.6 ± 1.5 116.5 ± 0.8 85.5 ± 4.1 79.1 ± 5.1

C5 79.3 ±0.2 46.4 ± 0.3 84.3 ± 0.3 95.7 ± 1.1

C6 61.4 ± 4.2 43.7 ± 2.9 40.8 ± 2.2 27.3 ± 0.7

C7 89.5 ± 9.1 113.9 ± 1.9 103.4 ± 3.6 66.1 ± 0.5

C8 122.1 ± 3.5 95.3 ± 1.3 135.2 ± 1.0 114.2 ± 0.2

C9 83.2 ± 10.9 97.6 ± 0.3 91.0 ± 12.0 66.7 ± 3.9

D1 42.4 ± 2.3 50.1 ± 2.2 52.3 ± 1.9 54.6 ± 1.6

D2 103.5 ± 0.6 59.4 ± 0.2 71.8 ± 0.1 91.8 ± 0.1

D3 106.2 ± 15.9 55.3 ± 2.6 82.1 ± 3.9 74.4 ± 1.8

D4 79.2 ± 9.1 73.3 ± 0.3 57.4 ± 1.8 67.9 ± 0.3

D5 85.9 ± 2.9 94.6 ± 0.3 103.4 ± 10.0 62.2 ± 1.7

D6 133.3 ± 0.1 95.7 ± 4.5 95.4 ± 6.1 96.5 ± 1.1

D7 86.9 ± 4.6 82.6 ± 4.6 65.3 ± 0.9 62.4 ± 0.6

D8 81.1 ± 0.1 65.5 ± 1.4 62.1 ± 1.2 77.4 ± 5.8

[a] Cell viability on A375 melanoma cells relative to a DMSO control ± SD from three independent experiments, as determined by trypan 
blue exclusion assay. The colors are defined as follows: most promising compounds with cell viabilities lower than 30% in green and 
between 30-50% light gray. N=3 ± SD.
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Cell viability of A375 melanoma cells relative to DMSO upon incubation of two doses (5 and 10 μM) of the aryl-
biamidine derivatives of groups (a) A, (b) B, (c) C and (d) D at 24 h and 48 h.

2. National Cancer Institute (NCI) - 60 cancer cell line panel evaluation11

Panel/Cell Line

Leukemia

Growth Percent

CCRF-CEM 33.97
HL-60(TB) 12.39
K-562 15.90
MOLT-4 39.67
RPMI-8226 55.12
SR 35.58

Non-Small Cell Lung Cancer
A549/ATCC 56.83
EKVX 60.24
HOP-62 50.03
HOP-92 88.03
NCI-H226 73.15
NCI-H23 59.69
NCI-H322M 86.20
NCI-H460 30.09
NCI-H522

Colon Cancer 
COLO 205

45.74

55.60
HCC-2998 64.86
HCT-116 25.44
HCT-15 25.08
HT29 17.83
KM12 37.39
SW-620

CNS Cancer 
SF-268

33.03

80.04
SF-295 8.89
SF-539 37.81
SNB-19 42.92
SNB-75 62.92
U251 46.97

Melanoma
LOX IMVI 43.48
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MALME-3M 62.01
M14 47.14
MDA-MB-435 10.80
SK-MEL-2 64.01
SK-MEL-28 72.76
SK-MEL-5 69.78
UACC-257 88.33
UACC-62

Ovarian Cancer 
IGROV1

28.13

52.30
OVCAR-3 47.21
OVCAR-4 87.30
OVCAR-5 71.05
OVCAR-8 58.24
NCI/ADR-RES 36.13
SK-OV-3

Renal Cancer 
786-0

67.83

75.19
A498 43.52
ACHN 49.87
CAKI-1 48.63
RXF 393 56.89
SN12C 47.33
TK-10 83.30
UO-31

Prostate Cancer 
PC-3

52.53

59.77
DU-145

Breast Cancer 
MCF7

57.86

13.20
MDA-MB-231/ATCC 76.45
HS 578T 73.11
BT-549 84.67
T-47D 56.39
MDA-MB-468 32.48

Mean 51.65
Delta 42.76
Range 79.44

3. Comparison of compound B6 to the BRAF-inhibitor PLX-4032 
(vemurafenib)   

(a) Cell viability assessed with crystal violet staining of A375 melanoma cells incubated for 24 h with DMSO (negative 
control condition), PLX-4032 or B6 (both at 2.5 µM 5 µM or 10 µM). (b) Quantification of crystal violet staining (optic 
density at 561 nm) after discoloration with acetic acid. Values are mean of 2 independent series of experiments in 
triplicate. Data represented as the mean ± standard deviation ** P < 0.05 between DMSO condition and PLX-4032 or B6 
conditions.



106

IX. Physical-chemical properties of compound B6

The druglikeness of compound B6 was assessed by calculation from the freeware 

http://www.swissadme.ch/. In particular, no violation was observed for all criteria assayed.

http://www.swissadme.ch/
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