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General Purification and Compound Characterization Procedures 

Thin-layer chromatography (TLC) was carried out on 0.25 mm Merck silica gel plates (60F-254) 

and visualized using UV light and iodine vapor. Flash column chromatography was conducted 

on Merck silica gel 60 (particle size 0.063–0.200 mm).
[1]

 The progress of reactions and purity of 

products was assessed by UPLC-MS on a Shimadzu Nexera system using a Zorbax eclipse plus 

C18 100x2.1 mm 1.8 m column and MeCN/water (both containing 0.1% formic acid) gradients 

at flow rate 0.5 mLmin
-1

. All final compounds were purified by preparative reverse-phase HPLC 

on a Phenomenex Luna C18 10 m, 250 × 21 mm column. Standard conditions were used for 

elution of all compounds: 100% A to 100% B linear gradient over 20 min at a flow rate of 20 

mLmin
-1

 where solvent A was H2O + 0.1% TFA and solvent B was 90% MeCN, 10% H2O + 

0.1% TFA. Detection was by UV and pure fractions as assessed ≥ 99% by UPLC were combined 

and lyophilized. Low resolution electrospray ionization mass spectra measurements were 

obtained on a Micromass LCT. High-resolution mass spectra (HRMS) measurements were 

obtained on a Bruker microTOF mass spectrometer equipped with a Dionex LC system 

(Chromeleon) in positive ion mode by direct infusion in MeCN at 100 μL/h using sodium 

formate clusters as an internal calibrant. Data were processed using Bruker Daltonics 

DataAnalysis 3.4 software. Mass accuracy was consistently better than 1 ppm error. 
1
H NMR 

and 
13

C NMR spectra were recorded on a Bruker Avance 600 equipped with a TCI cryoprobe or 

Varian 400 spectrometers at 298 K in the deuterated solvents indicated and were referenced to 

the residual solvent peaks; DMSO-d6 H 2.49, C 39.51 ppm, CDCl3 H referenced to internal 

TMS 0 ppm and C 77.01. H2O/D2O H referenced to DSS, C CH3OH 49.50 ppm. Microwave 

reactions were conducted in a Biotage Initiator 8. Stock solutions of compounds for assay were 

prepared 10 mM in DMSO-d6 and the exact concentration was additionally confirmed by the 

quantitative 
1
H NMR integration experiment PULCON.

[2]
 NMR spectra reproduced below 

(pages S12-S19) are from the actual stock solutions used for the biological assays. Ab initio 

calculations were performed with Gaussian 09.
[3]

 

 

Ethyl 2-(2,2-diphenylacetoxy)-3-oxobutanoate (19) 

 
A solution of diphenylacetic acid (2.12 g, 10 mmol) and ethyl 2-chloroacetoacetate (1.88 g, 11 

mmol) in dry DMF (5 mL) was treated with DIPEA (2 mL, 11 mmol) and stirred at RT 17h. 

Ether (150 mL) was added and the solution was washed with 2M HCl, 1M NaHCO3, brine and 

dried over MgSO4. Removal of solvent gave 19, a pale yellow oil 3.33 g, 98%. 
1
H NMR (400 

MHz, CDCl3): δ 7.39 – 7.25 (m, 10H), 5.50 (s, 1H), 5.23 (s, 1H), 4.24 (q, J = 7.2 Hz, 2H), 2.20 (s, 

3H), 1.25 (t, J = 7.2 Hz, 3H). 
13

C NMR (100 MHz, CDCl3): δ 197.5, 171.1, 164.3, 137.8, 137.7, 
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128.7, 128.6, 127.54, 127.48, 78.2, 62.5, 56.4, 27.0, 13.9. Two carbons of the diastereotopic 

phenyls overlap and are not resolved. m/z: 363.1 [MNa]
+
. 

 

Ethyl 2-benzhydryl-5-methyl-1H-imidazole-4-carboxylate (20) 

 

 

A solution of ethyl 2-(2,2-diphenylacetoxy)-3-oxobutanoate 19 (2.55 g, 7.5 mmol) and NH4OAc 

(2.88 g 5 equiv.) in glacial acetic acid (12.5 mL) was stirred and heated until homogeneous then 

heated in a microwave reactor at 150 °C for 15 min. The mixture was diluted with EtOAc 200 

mL and water 50 mL containing conc. NH3 (15 mL, d 0.88, slight excess) and shaken well. The 

organic layer was washed with brine and dried over MgSO4 and evaporated to an oil (2.45 g). 

Flash chromatography 25-40% EtOAc / petrol afforded the imidazole 20 as a white powder (820 

mg, 34%) and the oxazole 21 as a pale yellow oil (1.56 g, 65%). Alternatively, the EtOAc 

solution was concentrated to about 15 mL and left at RT overnight, then in a refrigerator for a 

further 4h. The crystalline imidazole 20 was filtered off and washed with cooled 50% 

EtOAc/petrol and dried in air, the oxazole 21 was recovered from the mother liquor and purified 

by flash chromatography giving an oil. 

Imidazole 20 
1
H NMR (400 MHz, CDCl3): tautomers ratio 2.9:1 δ9.03 and 8.76 (broad s, 1H), 

7.36-7.22 (m, 6H), 7.18-7.08 (m, 4H), 5.74 and 5.62 (s, 1H), 4.35 and 4.29 (q, J = 7.1 Hz, 2H), 

2.47 (s, 3H), 1.36 and 1.34 (t, J = 7.1 Hz, 3H). 
13

C NMR (150 MHz, CDCl3): δ 160.9, 150.8, 

146.4, 140.3, 128.9, 128.7, 127.4, 60.6, 51.2, 50.9, 14.7, 14.4. m/z: 321.2 MH
+
. 

Oxazole 21 
1
H NMR (400 MHz, CDCl3): δ 7.35-7.23 (m, 10H), 5.61 (s, 1H), 4.35 (q, J = 7.1 Hz, 

2H), 2.47 (s, 3H), 1.36 (t, J = 7.1 Hz, 3H). 
13

C NMR (100 MHz, CDCl3): δ 165.8, 158.7, 146.0, 

139.1, 137.7, 128.7, 128.6, 127.4, 61.0, 51.0, 14.3, 13.5. m/z 322.1 MH
+
. 

 

2-Benzhydryl-5-methyl-1H-imidazole-4-carboxylic acid (22) 

 

Ethyl 2-benzhydryl-4-methyl-1H-imidazole-5-carboxylate 20 (444 mg, 1.38 mmol) and NaOH 

(200 mg, 4 equiv) in MeOH / water (1:1, 5 mL) were stirred and heated at 60 °C for 2 h. The 

clear solution was acidified to pH 3 with HCl and the precipitate was collected and air dried 
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giving the carboxylic acid 22 as a white powder (340 mg, 85%). Note: hydrolysis does not 

proceed without heating but that extended heating (microwave) leads to decarboxylation of the 

product. 
1
H NMR (400 MHz, CDCl3 + DMSO-d6): δ 7.34-7.17 (m, 10H), 5.61 (s, 1H), 2.48 (s, 3H). m/z: 

293.1 MH
+
. 

13
C NMR (100 MHz, CDCl3 + DMSO-d6): δ 140.6, 128.5, 128.1, 126.5, 50.4. some 

signals not observed due to broadening caused by equilibrating tautomers. 

 

2,2-Diphenylthioacetamide (23) 

 

A suspension of 2,2-diphenylacetamide (7.00 g 33.1 mmol) and phosphorus pentasulfide (3.00 g, 

6.75 mmol) in DCM (35 mL) was stirred at RT for 4h when TLC revealed complete conversion 

(Rf thioamide 0.60 50% EtOAc/petrol, amide Rf 0.29). The mixture was filtered and the yellow 

solution was washed with 10% Na2CO3, dried over MgSO4 and evaporated to dryness. The solid 

residue was recrystallised twice from MeOH (5 mL/g). The mother liquor was evaporated and 

purified by flash chromatography (15-50% EtOAc/petrol) to remove a yellow oil impurity (Rf 

0.89 50% EtOAc/petrol) then the product was recrystallised from MeOH and combined with the 

above giving the thioamide 23 as white prisms (5.31 g, 71%).  
1
H NMR (600 MHz, CDCl3): δ 

7.87 (s, 1H), 7.38-7.23 (m, 10H), 6.81 (s, 1H), 5.63 (s, 1H). 
13

C NMR (150 MHz, CDCl3): δ 

209.0, 139.6, 129.0, 128.8, 127.7, 66.4. m/z 228.1 MH
+
. 

 

Ethyl 2-diphenylmethyl-4-methyl thiazole-5-carboxylate (24) 

 
Diphenylthioacetamide 23 (700 mg, 3.08 mmol), ethyl 2-chloroacetoacetate (640 µL, 4.62 

mmol) and NaOEt (315 mg, 4.62 mmol) were dissolved in EtOH (5 mL) and stirred at RT 

overnight. The solution was evaporated and the residue was dissolved in ether and washed with 

brine, dried over MgSO4 and evaporated. Purification by flash chromatography gave the thiazole 

24 a pale yellow oil 810 mg, 78% (r.f 0.85, 50% EtOAc/petrol). 
1
H NMR (400 MHz, CDCl3): δ 7.36-7.21 (m, 10H), 5.77 (s, 1H), 4.28 (q, J = 7.1 Hz, 2H), 2.72 

(s, 3H), 1.31 (t, J = 7.1 Hz, 3H).
13

C NMR (100 MHz, CDCl3): δ 176.4, 162.1, 160.3, 141.1, 

128.8, 128.6, 127.3, 122.4, 61.0, 55.2, 17.3, 14.2. m/z: 338.1 MH
+
. 
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2-Diphenylmethyl-4-methyl thiazole-5-carboxylic acid (25) 

 

The ethyl ester 24 (750 mg, 2.23 mmol) was dissolved in MeOH (8 mL) then a solution of NaOH 

(200 mg, 5 mmol) in water (2 mL) was added. The mixture was stirred at RT for 1h then 

acidified with HCl. The precipitate was extracted into DCM, washed with water and the solution 

was dried over MgSO4. Removal of solvent gave the acid 25 as a white solid (690 mg, 100%). 
1
H NMR (600 MHz, CDCl3): δ 7.35-7.20 (m, 10H), 5.81 (s, 1H), 2.71 (s, 3H). m/z: 310.1 MH

+
. 

13
C NMR (100 MHz, CDCl3): δ 178.4, 166.8, 161.8, 141.0, 128.9, 128.8, 127.5, 122.2, 55.2, 17.5. 

 

2-Benzhydryl-4-methylthiazole-5-carboxylic acid (26) 

 
Bromine (0.47 mL, 9.16 mmol, neat) was added dropwise with stirring and cooling on ice to 

methyl 2-oxobutanoate (1.0 mL, 9.20 mmol, neat, Aldrich). After 15 min the mixture was diluted 

with EtOAc and washed with 10% NaHCO3, brine, dried over MgSO4 and concentrated to a 

volume of about 10 mL.  Diphenylthioacetamide 23 (910 mg, 4.0 mmol) was added and the 

solution was refluxed for 2h washed with 10% NaHCO3, brine dried over MgSO4 and evaporated 

to dryness. The residue was purified by flash chromatogtaphy (20-50% EtOAc/petrol) giving the 

ester (860 mg, 67%) 
1
H NMR (400 MHz, CDCl3): δ 7.35-7.18 (m, 10H), 5.90 (s, 1H), 3.91 (s, 

3H), 2.72 (s, 3H). The ester was dissolved in MeOH (10 mL) and NaOH (200 mg in water 2 mL) 

was added. The solution was stirred at rt for 2 h, acidified with HCl and the precipitate was 

extracted into ether. The solution was washed with brine, dried over MgSO4 and evaporated to 

dryness giving the acid 26 as a white powder (820 mg, 66% over 2 steps). m/z: 310.1 (MH
+
). 

1
H NMR (600 MHz, CDCl3): δ 7.37-7.19 (m, 10H), 5.75 (s, 1H), 2.75 (s, 3H).  

13
C NMR (100 MHz, CDCl3): δ 169.6, 162.0, 145.8, 141.1, 140.0, 128.8, 127.5, 54.8, 12.8. 
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(2-Benzhydryl-5-methyl-1H-imidazole-4-carbonyl)-L-arginine (6) 

 

The carboxylic acid 22 (66 mg, 0.23 mmol) and L-arginine ethyl ester dihydrochloride (124 mg, 

0.46 mmol) were dissolved in DMF (1 mL) and DIPEA (120 L) with stirring. When 

homogeneous, BOP (120 mg, 0.27 mmol) was added and the solution was stirred a RT for 17h. 

The solvent was evaporated at 0.05 mbar and the residue was dissolved in MeOH (2 mL) and 

water (2 mL) then NaOH (100 mg) was added. After stirring at RT for 4h the solution was 

acidified with TFA (250 L) and the product was isolated by preparative reverse phase HPLC to 

afford the product 6 (TFA salt) as a white powder after lyophilisation (93 mg, 72%).  
1
H NMR 

(600 MHz, DMSO-d6):  7.91 (d, J = 7.5 Hz, 1H), 7.65 (t, J = 5.6 Hz, 1H), 7.37-7.32 (m, 4H), 

7.30-7.24 (m, 6H), 5.69 (s, 1H), 4.38 (m, 1H), 3.16-3.05 (m, 2H), 2.41 (s, 3H), 1.83 (m, 1H), 

1.72 (m, 1H), 1.55-1.46 (m, 2H). 
13

C NMR (150 MHz, DMSO-d6):  173.4, 161.7, 156.8, 146.7, 

140.3, 132.4, 128.7, 128.6, 127.1, 51.1, 49.4, 40.3, 28.5, 25.3, 10.6. One aromatic carbon is 

overlapped and not resolved. HRMS calculated for C24H29N6O3
+
 449.2296, found 449.2295. 

 

(2-Benzhydryl-4-methylthiazole-5-carbonyl)-L-arginine (7) 

The acid 25 (108 mg, 0.35 mmol) and L-arginine ethyl ester dihydrochloride (193 mg, 0.70 

mmol 2 equiv) were dissolved in DMF (2 mL) and DIPEA (187 L 3 equiv). After the solution 

was homogeneous BOP (185 mg, 0.42 mmol, 1.2 equiv) was added and the solution was stirred 

at RT for 17 h. The solvent was removed at 0.05 mbar and the residue was dissolved in MeOH (5 

mL) and water (1 mL) and NaOH (200 mg) was added. After stirring at RT for 4h the solution 

was acidified with TFA (500 L) and the product was isolated by preparative reverse phase 

HPLC giving 7 (TFA salt) as a white powder (138 mg, 68% for 2 steps) after lyophilisation. 
1
H 

NMR (600 MHz, DMSO-d6):  8.41 (d, J = 7.8 Hz, 1H), 7.52 (t, J = 5.6 Hz, 1H), 7.39-7.26 (m, 

10H), 5.94 (s, 1H), 4.29 (m, 1H), 3.13-3.04 (m, 2H), 2.52 (s, 3H), 1.81 (m, 1H), 1.67 (m, 1H), 
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1.57-1.44 (m, 2H).  
13

C NMR (150 MHz, DMSO-d6):  173.1, 172.6, 161.4, 156.6, 154.9, 141.7, 

128.67, 128.66 127.2, 125.5, 53.7, 52.2, 40.3, 27.5, 25.4, 17.0. HRMS calculated for 

C24H28N5O3S
+
 466.1907, found 466.1907. 

 

(2-Benzhydryl-5-methylthiazole-4-carbonyl)-L-arginine (8) 

 
Compound 8 was prepared from 26 using the same procedure above for compound 7. 
1
H NMR (600 MHz, DMSO-d6):  8.13 (d, J = 8.0 Hz, 1H), 7.53 (t, J = 5.7 Hz, 1H), 7.38-7.25 

(m, 10H), 5.93 (s, 1H), 4.38 (m, 1H), 3.14-3.04 (m, 2H), 2.67 (s, 3H), 1.85 (m, 1H), 1.75 (m, 

1H), 1.51-1.43 (m, 2H). 
13

C NMR (150 MHz, DMSO-d6):  173.1, 168.4, 161.8, 156.6, 142.3, 

141.8, 140.8, 128.7, 128.6, 127.21, 127.19, 53.5, 51.3, 40.3, 28.2, 25.3, 12.2. HRMS calculated 

for C24H28N5O3S
+
 466.1907, found 466.1907. 

 

Ethyl 2-benzhydryl-1,5-dimethyl-1H-imidazole-4-carboxylate 27 

 
The imidazole 20 (256 mg, 0.80 mmol) was dissolved in dry DMF (2 mL) then NaH (60% 

dispersion in oil, 50 mg, 1.25 mmol, 1.6 equiv.) was added with stirring. After 1 min MeI (0.5 

mL, 8 mmol 10 equiv.) was added and stirring at RT was continued for 30 min. EtOAc was 

added and the solution was washed with brine 2x, dried over MgSO4 and evaporated to dryness. 

The residue was purified by flash chromatography (30-50% EtOAc/petrol) to give 27 (160 mg, 

60%. Rf 0.34 50% EtOAc/petrol) and 28 (108 mg, 40%. Rf 0.61 50% EtOAc/petrol) as white 

solids. Data for the major isomer 27 
1
H NMR (600 MHz, CDCl3):  7.33-7.18 (m, 10H), 5.69 (s, 

1H), 4.34 (q, J=7.1 Hz, 2H), 3.24 (s, 3H), 2.51 (s, 3H), 1.36 (t, J=7.1 Hz, 3H). 
13

C NMR (150 

MHz, CDCl3):  164.0, 147.9, 139.8, 136.7, 128.8, 128.5, 127.8, 126.9, 60.1, 50.0, 30.8, 14.4, 

10.3. Data for the minor isomer 28 
1
H NMR (600 MHz, CDCl3):  7.33-7.14 (m, 10H), 5.53 (s, 

1H), 4.30 (q, J=7.1 Hz, 2H), 3.70 (s, 3H), 2.45 (s, 3H), 1.36 (t, J=7.1 Hz, 3H). 
13

C NMR (150 

MHz, CDCl3):  161.6, 151.8, 147.0, 140.1, 129.0, 128.6, 127.0, 119.3, 60.1, 49.4, 32.7, 16.2, 

14.4. 
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2-Benzhydryl-1,5-dimethyl-1H-imidazole-4-carboxylic acid 29 

 
The ethyl ester 27 was hydrolysed with NaOH in MeOH / water solution at rt. After acidification 

to pH 3 with HCl the acid was extracted into EtOAc, dried and evaporated to give 29 as a white 

solid, m/z: 307.1 (MH
+
). 

1
H NMR (600 MHz, CDCl3):  7.40-7.30 (m, 6H), 7.16-7.11 (m, 4H), 

6.00 (s, 1H), 3.40 (s, 3H), 2.47 (s, 3H). 
13

C NMR (150 MHz, CDCl3):  160.3, 148.3, 137.1, 

135.8, 129.5, 128.9, 128.5, 122.6, 48.3, 32.0, 9.5. 

 

 

 

 

 

(2-benzhydryl-5-methyl-1H-imidazole-4-carbonyl)-L-arginine (9) 

 

Compound 9 was prepared from 29 using the same procedure above for compounds 7 and 8. 
1
H NMR (600 MHz, DMSO-d6):  7.59 (d, J = 7.9 Hz, 1H), 7.55 (t, J = 5.7 Hz, 1H), 7.34-7.20 

(m, 14H), 5.78 (s, 1H), 4.38 (m, 1H), 3.38 (s, 3H), 3.16-3.04 (m, 2H), 2.44 (s, 3H), 1.82 (m, 1H), 

1.70 (m, 1H), 1.51-1.42 (m, 2H). A strong NOE was observed between the two methyl groups. 
13

C NMR (150 MHz, DMSO-d6):  173.4, 162.9, 156.6, 146.8, 141.11, 141.06, 132.9, 128.8, 

128.7, 128.4, 126.7, 50.8, 47.4, 40.3, 30.2, 28.8, 25.2, 9.47. HRMS calculated for C25H31N6O3
+
 

463.2452, found 463.2452. 
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N-(2-Chloro-3-nitropyridin-4-yl)-2,2-diphenylacetamide (13) 

 
4-Amino-2-chloro-3-nitropyridine 12 (1.00 g, 5.78 mmol) was dissolved in dry THF (15 mL) 

then cooled to -15 °C under N2. NaO
t
Bu (625 mg, 6.51 mmol, 1.1 equiv) was added in several 

portions then stirring at -10 °C was continued for a further 15 min. A solution of diphenylacetyl 

chloride (1.40 g, 6.08 mmol) in THF (5 mL) was added dropwise at -10 °C over 5 min then the 

mixture was stirred at -5 °C for 30 min. Water (5 mL) was added and the mixture was warmed to 

RT and extracted with EtOAc. The extracts were washed with brine, dried over MgSO4 and 

evaporated to a yellow solid. Digestion with DCM dissolved the product allowing separation of 

the unreacted starting material, which was insoluble. Flash chromatography 12-30% 

EtOAc/petrol gave pure product 13 as a white crystalline solid (1.78 g, 84%) (Rf 0.37 25% 

EtOAc/petrol). 
1
H NMR (600 MHz, CDCl3): δ 8.71 (s, 1H), 8.55 (d, J = 5.8 Hz, 1H), 8.38 (d, J = 

5.8 Hz, 1H), 7.43-7.38 (m, 4H), 7.38-7.33 (m, 2H), 7.30-7.25 (m, 4H), 5.13 (s, 1H). 
13

C NMR 

(150 MHz, CDCl3): δ 171.1, 151.5, 144.2, 140.1, 137.2, 134.6, 129.3, 128.8, 128.2, 114.4, 60.6. 

HRMS calculated for C19H15N3O3Cl
+
 368.0796, found 368.0795. 

 

tert-Butyl (S)-5-(((benzyloxy)carbonyl)amino)-2-((4-(2,2-diphenylacetamido)-3-

nitropyridin-2-yl)amino)pentanoate (14) 

 
A solution of the 2-chloropyridine derivative 13 (700 mg, 1.91 mmol), H-Orn(Cbz)-OtBu (920 

mg, 2.86 mmol) and N-methyl morpholine (0.5 mL) in absolute EtOH (10 mL) was heated in a 

microwave reactor at 100 °C for 6 h. The solution was diluted with EtOAc and washed with 5% 

citric acid, brine, dried over MgSO4 and evaporated to an orange oil. Flash chromatography 15-

40% EtOAc/petrol gave 14 as an orange oil (2.19 g, 83%) r.f 0.16 25% EtOAc/petrol, Rf 0.47 

40% EtOAc/petrol, Rf 0.66 50% EtOAc/petrol.  
1
H NMR (600 MHz, CDCl3): δ 8.90 (d, J = 6.6 Hz, 1H), 8.12 (d, J = 5.6 Hz, 1H), 8.09 (d, J = 5.6 

Hz, 1H),7.40-7.29 (m, 15H), 5.14 (s, 1H), 5.08 (s, 2H), 4.77 (m, 1H), 3.31-3.17 (m, 2H), 1.94 (m, 
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1H), 1.85 (m, 1H), 1.46 (s, 9H). 
13

C NMR (150 MHz, CDCl3): δ 171.9, 171.1, 156.4, 155.2, 

153.1, 144.4, 137.7, 136.5, 129.07, 129.06, 128.9, 128.5, 128.1, 127.9, 118.5, 103.9, 82.4, 66.7, 

61.4, 54.4, 40.3, 29.5, 28.0, 25.7. HRMS calculated for C36H40N5O7
+
 654.2922, found 654.2922. 

 

tert-Butyl (2-benzhydryl-1H-imidazo[4,5-c]pyridin-4-yl)-N

,N

'
-bis(tert-butoxycarbonyl)-

L-argininate (30) 

 
 

The nitro compound 14 (308 mg, 0.49 mmol) was dissolved in EtOH (10 mL) and hydrogenated 

over 10 wt. % Pd on activated carbon (30 mg) at RT and 1 atm (balloon) for 40 min. The 

characteristic orange colour had disappeared and mass spec confirmed total hydrogenolysis of 

the Cbz group had accompanied reduction of the nitro group. The catalyst was filtered off using 

a 0.45 micron nylon syringe filter and washed with EtOH and the dark filtrate was evaporated to 

dryness giving a black gum. This material was immediately dissolved in glacial acetic acid (10 

mL) and warmed to 40 °C for 60 min. The AcOH was evaporated under reduced pressure and the 

residue was dissolved in EtOAc, washed with NaHCO3, brine, dried over MgSO4 and evaporated 

giving the imidazopyridine intermediate as a red gum. This material was dissolved in DMF (4 

mL) then N,N'-di-Boc-1H-pyrazole-1-carboxamidine (180 mg, 0.58 mmol) and N-

methylmorpholine (100 L) were added and the solution was stirred at RT for 2 h. The solution 

was evaporated to dryness at 0.05 mbar and the residue was purified by flash chromatography, 

first column 0-6% MeOH / DCM, second column 25-80% EtOAc/petrol to give the di-Boc 

protected guanidine 30 (129 mg, 37% over 3 steps) Rf 0.35 5% MeOH/DCM. 
1
H NMR (600 

MHz, CDCl3): δ 9.22 (s, 1H), 8.34 (t, J = 5.0 Hz, 1H), 7.75 (d, J = 5.8 Hz, 1H), 7.35-7.30 (m, 

4H), 7.30-7.23 (m, 3H), 7.23-7.16 (m, 5H), 6.56 (d, J = 5.8 Hz, 1H), 5.83 (d, J = 7.8 Hz, 1H), 

5.79 (s, 1H), 4.82 (m, 1H), 3.46-3.36 (m, 2H), 1.97 (m, 1H), 1.82 (m, 1H), 1.78-1.64 (m ,2H), 

1.48 (s, 18H), 1.43 (s, 9H). 
13

C NMR (150 MHz, CDCl3): δ 172.8, 163.6, 156.2, 153.2, 152.6, 

150.3, 140.6, 140.55, 140.50, 137.8, 133.8, 128.9, 127.4, 105.1, 97.9, 83.0, 81.3, 79.2, 53.8, 51.7, 

40.6, 30.1, 28.3, 28.1, 28.0, 25.3. HRMS calculated for C39H52N7O6
+
 714.3974, found 714.3976. 
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(2-Benzhydryl-1H-imidazo[4,5-c]pyridin-4-yl)-L-arginine (10) 

 
 

The Boc protected tert-butyl ester 30 (50 mg, 0.07 mmol) was dissolved in neat TFA (2 mL) and 

stirred at RT for 3 h. TFA was removed in a stream of N2 and the residue was purified by 

preparative reverse phase HPLC to give 10 (TFA salt) as a white powder (29 mg, 72%) after 

lyophilisation. 
1
H NMR (600 MHz, 90% H2O + 10% D2O + DSS): δ 8.28 (broad s, 1H), 7.66 (d, 

J = 7.2 Hz, 1H), 7.51-7.34 (m, 10H), 7.23 (broad t, J = 5.0 Hz, 1H), 7.18 (d, J = 7.2 Hz, 1H), 

5.96 (s, 1H), 4.8 (m, 1H, under H2O peak), 3.31-3.18 (m, 2H), 2.16 (m, 1H), 2.04 (m, 1H), 1.86-

1.71 (m, 2H).  
13

C NMR (150 MHz, 90% H2O + 10% D2O, Ref MeOH 49.5 ppm): δ 175.4, 

163.4 (q, 
2
JC-F = 35.4 Hz, TFA), 158.8, 157.7, 146.6, 141.7, 140.26, 140.22, 129.54, 129.52, 

129.45, 129.34, 129.28, 128.2, 125.8, 116.8 (q, 
1
JC-F = 291.7 Hz, TFA), 101.4, 56.1, 51.2, 41.1, 

28.9, 24.7. HRMS calculated for C25H28N7O2
+
 458.2299, found 458.2299.  

 

 

 

Ethyl 2,4-dichloro-3-oxobutanoate (31) 

 
 

Ethyl 4-chloroacetoacetate (5 mL, 37 mmol) was stirred under N2 in an ice bath while sulfuryl 

chloride (neat 3 mL, 37 mmol) was added in 6 portions of 0.5 mL over 5 min keeping the 

temperature below 10 °C. The mixture was then stirred at RT for 30 min then distilled on a 

kugelrohr apparatus with oven temperature 160 °C at 13 mbar giving a clear colourless liquid 

(6.35 g, 86%). 
1
H NMR (400 MHz, CDCl3):  5.10 (s, 1H), 4.50 and 4.45 (AB quartet JAB = 16.1 

Hz, 2H), 4.32 (q, J = 7.0 Hz, 2H), 1.33 (t, J = 7.0 Hz, 3H) a minor enol tautomer is also present. 
13

C NMR (100 MHz, CDCl3):  191.3, 164.2, 63.6, 62.8, 58.6, 45.7, 40.2, 14.0, 13.9 (a minor 

enol tautomer is also present). 
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Ethyl 2-benzhydryl-4-(chloromethyl)thiazole-5-carboxylate (16) 

 
A solution of 2,2-diphenylthioacetamide 23 (1.00 g, 4.41 mmol) and ethyl 2,4-dichloro-3-

oxobutanoate 31 (1.00 g, 5.0 mol 1.1 equiv) in EtOAc (10 mL) was heated in a microwave 

reactor at 110 °C for 5 min. After cooling the solution was diluted with EtOAc and washed with 

5% NaHCO3, brine, dried over MgSO4 and evaporated to an oil (1.64 g). Purification by flash 

chromatography 10-20% EtOAc/petrol gave ethyl 2-benzhydryl-4-(chloromethyl)thiazole-5-

carboxylate 16 as a pale yellow oil (1.23 g, 75%) Rf 0.51 25% EtOAc/petrol. 
1
H NMR (600 MHz, 

CDCl3): δ 7.36-7.27 (m, 10H), 5.82 (s, 1H), 5.03 (s, 2H), 4.32 (q, J = 7.1 Hz, 2H), 1.33 (t, J = 7.1 

Hz, 3H). 
13

C NMR (150 MHz, CDCl3): δ 177.9, 161.0, 157.5, 141.0, 128.9, 128.8, 127.6, 125.8, 

61.8, 55.3, 38.6, 14.2. m/z: 372.1 MH
+
.  

Data for the minor (8%) isomer ethyl 2-(2-benzhydrylthiazol-4-yl)-2-chloroacetate 32:  
1
H NMR (600 MHz, CDCl3): δ 7.44 (s, 1H), 7.34-7.20 (m, 10H), 5.82 (s, 1H), 5.57 (d, J = 0.5 Hz, 

1H), 4.29-4.21 (m, 2H), 1.24 (t, J = 7.1 Hz, 3H). 
13

C NMR (150 MHz, CDCl3): δ 174.4, 167.4, 

150.5, 141.6, 128.92, 128.90, 128.6, 127.31, 127.29, 118.8, 62.7, 54.9, 54.3, 13.9. 

 

Ethyl (S)-4-(((5-(((benzyloxy)carbonyl)amino)-1-(tert-butoxy)-1-oxopentan-2-

yl)amino)methyl)-2-(hydroxydiphenylmethyl)thiazole-5-carboxylate (17) 

 
The chloromethyl thiazole 16 (371 mg, 1 mmol) and H-Orn(Cbz)-O

t
Bu (480 mg, 1.5 mmol) 

were dissolved in DMF (1 mL) then NaI (100 mg) and anhydrous K2CO3 (400 mg, finely 

ground) were added and the mixture was stirred at RT under Ar for 48 h. The mixture was 

diluted with DCM and ether 1:2 and washed with 5% sodium thiosulfate, brine and dried over 

MgSO4 and evaporated to give a brown gum (668 mg, 99% crude). The product 17 had the 

hydroxylated benzhydryl group as indicated by mass spectrum m/z 674.3 MH
+
 and NMR shows 

absence of the benzhydryl CH proton expected to be near H 5.9 ppm but a quaternary carbon C 

79.7 ppm with 
2
JC-H coupling to an OH proton H 7.54 ppm in the HMBC spectrum. Possible 

explanations for this observation could be halogenation followed by hydrolysis or direct reaction 

with oxygen (air), however, this has no consequences for continuing the synthesis because the 

hydroxyl group is removed during subsequent steps when the tert-butyl ester is deprotected. An 
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analytical sample of 17 was purified by reverse phase HPLC. 
1
H NMR (600 MHz, DMSO-d6): δ 

7.54 (s, 1H, OH), 7.47-7.20 (m, 16H), 4.98 (s, 2H), 4.25 (q, J = 7.1 Hz, 2H), 3.99 (s, 2H), 3.06 

(m, 1H), 2.96-2.88 (m, 2H), 1.51-1.34 (m, 4H), 1.31 (s, 9H), 1.26 (t, J = 7.1 Hz, 3H). 
13

C NMR 

(150 MHz, DMSO-d6): δ 181.8, 173.6, 161.8, 161.3, 156.0, 144.9, 144.8, 137.3, 128.3, 127.8, 

127.73, 127.70, 127.66, 127.4, 127.2, 122.4, 80.0, 79.7, 65.0, 61.1, 60.2, 45.7, 40.2, 30.2, 27.6, 

25.8, 14.1. 

 

tert-Butyl (S)-5-(((benzyloxy)carbonyl)amino)-2-(2-(hydroxydiphenylmethyl)-6-oxo-4,6-

dihydro-5H-pyrrolo[3,4-d]thiazol-5-yl)pentanoate (33) 

 
The ethyl ester 17 (650 mg, 0.96 mmol) was dissolved in MeOH, THF, water (1:1:1, 4 mL) then 

KOH (100 mg, 1.5 equiv) was added. The solution was stirred and heated at 50 °C 2 h and the 

hydrolysis was monitored by LCMS. Transesterification to the methyl ester (m/z 660.3 MH
+
) 

occurred first followed by hydrolysis to the acid (m/z 646.3 MH
+
) which had longer retention 

time than the methyl ester. The solvents were partially evaporated and the aqueous residue was 

acidified to pH 5.8 with citric acid and extracted with DCM. After drying over MgSO4 and 

filtration the solvent was evaporated to give the acid (zwitterion) as an orange foam (604 mg). 

The zwitterion was dissolved in DCM (5 mL) then dicyclohexylcarbodiimide (230 mg, 1.12 

mmol) was added followed by DIPEA (175 L 1.0 mmol). The solution was stirred at RT for 2h, 

diluted with DCM and washed with 1M HCl, dried over MgSO4 and evaporated. Purification by 

flash chromatography 25-75% EtOAc/petrol gave the lactam 33 as a yellow foam (170 mg, 28% 

over 2 steps) (Rf 0.36 50% EtOAc/petrol). 
1
H NMR (600 MHz, CDCl3): δ 7.48-7.26 (m, 15H), 

5.07 (s, 2H), 4.88 (m, 1H, NH), 4.86 (dd, J = 10.6, 5.1 Hz, 1H), 4.66 (d, J = 17.6 Hz, 1H), 4.28 (d, 

J = 17.6 Hz, 1H), 4.06 (s, 1H, OH), 3.27-3.17 (m, 2H), 2.08-1.99 (m, 1H), 1.82-1.73 (m, 1H), 

1.58-1.49 (m, 2H), 1.44 (s, 9H). 
13

C NMR (150 MHz, CDCl3): δ 188.3, 170.3, 167.9, 164.2, 

156.4, 144.19, 144.17, 136.5, 128.5, 128.35, 128.32, 128.27, 128.10, 128.08, 128.00, 127.45, 

127.43, 82.5, 81.3, 66.7, 54.4, 46.2, 40.4, 28.0, 27.4, 26.9. HRMS calculated for C35H38N3O6S
+
 

628.2476, found 628.2476. 
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(S)-5-Amino-2-(2-benzhydryl-6-oxo-4,6-dihydro-5H-pyrrolo[3,4-d]thiazol-5-yl)pentanoic 

acid (18) 

 

The protected lactam 33 (165 mg, 0.26 mmol) was dissolved in TFA (5 mL) then triethylsilane 

(250 L) and thioanisole (40 mg) were added. The solution was stirred at RT for 17 h then 

evaporated under a stream of N2. The residue was dissolved in 80% MeCN / water and washed 

with 20% diethyl ether in pentane then the aqueous MeCN layer was lyophilised. The residue 

was purified by preparative reverse phase HPLC to give 18 (TFA salt) as a white powder (73 mg, 

53%). 
1
H NMR (600 MHz, DMSO-d6): δ 7.64 (broad s, 3H), 7.38-7.32 (m, 8H), 7.31-7.25 (m, 

2H), 6.16 (s, 1H), 4.68 (dd, J = 11.4, 4.2 Hz, 1H), 4.56 (d, J = 18.4 Hz, 1H), 4.53 (d, J = 18.4 Hz, 

1H), 2.85-2.74 (m, 2H), 2.03 (m, 1H), 1.85 (m, 1H), 1.57-1.44 (m, 2H). 
13

C NMR (150 MHz, 

DMSO-d6): δ 183.1, 172.1, 168.1, 163.0, 141.23, 141.19, 128.75, 128.70, 128.68, 127.3, 126.6, 

54.2, 53.6, 46.2, 40.0, 38.3, 26.0, 24.1. 

HRMS calculated for C23H23N3O3S
+
 422.1533, found 422.1533. 

 

 

(S)-2-(2-Benzhydryl-6-oxo-4,6-dihydro-5H-pyrrolo[3,4-d]thiazol-5-yl)-5-

guanidinopentanoic acid (11) 

 
The amine 18 (13 mg, 0.024 mmol) and N,N'-di-Boc-1H-pyrazole-1-carboxamidine (15 mg, 0.48 

mmol 2 equiv) were dissolved in DMF (200 L) then N-methylmorpholine (10 L) was added. 

The solution was stirred at RT for 2 h then evaporated to dryness at 0.05 mbar. The residue was 

dissolved in TFA (3 mL) and stirred at RT for 3 h. The TFA was removed under a stream of N2 

and the residue was purified by preparative reverse phase HPLC to give the guanidine 11 (TFA 

salt) as a white powder (11 mg, 79%). 
1
H NMR (600 MHz, DMSO-d6): δ 7.53 (t, J = 5.3 Hz, 1H), 

7.38-7.33 (m, 8H), 7.31-7.26 (m, 2H), 6.15 (s, 1H), 4.68 (dd, J = 11.3, 4.3 Hz, 1H), 4.57 (d, J = 

18.3 Hz, 1H), 4.52 (d, J = 18.3 Hz, 1H), 3.13-3.07 (m, 2H), 2.00 (m, 1H), 1.81 (m, 1H), 1.49-

1.41 (m, 2H). 
13

C NMR (150 MHz, DMSO-d6): δ 183.1, 172.3, 168.2, 163.1, 156.7, 141.25, 

141.22, 128.76, 128.70, 128.68, 127.3, 126.6, 54.3, 53.8, 46.3, 40.2, 40.0, 26.1, 25.6. HRMS 

calculated for C24H26N5O3S
+
 464.1751, found 464.1751. 
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Isolation of Human Monocyte-derived Macrophages (HMDM) 

To obtain human monocyte-derived macrophages (HMDM), peripheral blood mononuclear cells 

(PBMCs) were first isolated by Ficoll-paque density centrifugation (GE healthcare Bio-Science, Uppsala, 

Sweden) from buffy coat of anonymous human donors provided by Australian Red Cross Blood Service, 

Brisbane. CD14
+
 monocytes were positively selected using CD14

+
 MACS magnetic beads (Miltenyi 

Biotech, Auburn, CA, USA) after successive magnetic sorting and washings. The CD14
+ 

monocytes 

were then cultured at 37 °C, with 5% CO2 and differentiated to HMDM in complete media containing 

10
4
 U/mL (100ng/mL) recombinant human macrophage colony stimulating factor (M-CSF) (PeptroTech 

Inc, Rocky Hill, New Jersey, USA) at 1.5 x10
6
 monocytes/mL. HMDM were kept in a complete media, 

consisting of IMDM with 10% FBS, 10 U/mL penicillin, 10 U/mL streptomycin and 2 mM L-glutamine 

(Invitrogen). HMDM were supplemented after 5 days with fresh medium containing 10
2
 U/mL M-CSF. 

Cells were harvested by gentle scraping in saline solution on day 7. 

 

Intracellular Calcium Release Assay  

Harvested HMDM were washed with 0.9% NaCl solution by centrifugation at 2500 rpm for 5 min, 

followed by resuspension of the cell pellet with complete media. Cells were plated at 5 x 10
4
 cells/well 

in a 96-well cleared-bottomed black-walled assay plate (Corning) with equal amounts of medium added 

and incubated overnight at 37 
o
C. Before assay, the medium was removed and cells were incubated with 

dye-loading buffer (12 mL assay buffer, 4 μM Fluo-3 AM, 25 μL Pluronic acid F-127 and 1% fetal 

bovine serum) for an hour at 37 
o
C. After an hour, cells were washed once with assay buffer (HBSS 

supplemented with 2.5 mM probenecid and 20 mM HEPES, pH 7.4). Compounds were dissolved in 

DMSO to make a 10 mM stock solution, then further diluted with HBSS buffer to the desired 

concentrations for intracellular calicum release assay. The final concentration of DMSO was less than 

2% in the assay. For antagonist assay, the cells were pre-incubated with desired concentrations of the 

synthesised compounds for 15 min before the addition of agonist (human C3a protein, 100 nM).
[4]

 

FLIPR was used to monitor the intracellular release of Ca
2+

 via fluorescence measurement for 5 min 

(excitation 495 nm, emission 520 nm). The agonist assay was conducted in a similar manner, except that 

the intracellular Ca
2+

 release was monitored immediately for 5 min after the injection of the desired 

concentration of the synthesised compounds. Duplicate measurements were made for
 
each data point, 

mean ± SEM are reported from experiments as indicated. Net changes in fluorescence were calculated as 

a percentage relative to the maximum response given by the test compound. Changes in fluorescence (% 

response) were plotted against logarithmic compound concentrations. The half maximal effective 

concentration (EC50) and inhibitory concentration (IC50) values were derived from the concentration 

response curve using nonlinear regression curve fitting in GraphPad Prism v6. 
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