
General experimental 

Solvents and reagents. Unless otherwise stated, all reactions were carried out under an 

atmosphere of nitrogen in heat- or oven-dried glassware and using anhydrous solvent. 

Solvents and reagents were purchased from commercial suppliers and used as received. 

Reactions were monitored by thin layer chromatography (TLC) or liquid chromatography-

mass spectroscopy (LCMS). Heating was conducted using hotplates with DrySyn adaptors.  

Chromatography. Thin layer chromatography (TLC) was carried out using plastic-backed 

50 precoated silica plates (particle size 0.2 mm). Spots were visualised by ultraviolet (UV) 

light (λmax = 254 nm or 365 nm) and then stained with potassium permanganate solution 

followed by gentle heating. Flash column chromatography was carried out using the 

Teledyne ISCO CombiFlash® Rf+ apparatus with RediSep® or GraceResolv™ silica 

cartridges. 

Liquid chromatography mass spectrometry.  LCMS analysis carried out using system 1 

described below unless otherwise stated as using system 2.  

System 1 

LCMS analysis was carried out on an H2Os Acquity UPLC instrument equipped with a BEH 

column (50 mm x 2.1 mm, 1.7 µm packing diameter) and H2Os micromass ZQ MS using 

alternate-scan positive and negative electrospray. Analytes were detected as a summed UV 

wavelength of 210 – 350 nm. Three liquid phase methods were used: 

Method A - Formic – 40 °C, 1 mL/min flow rate. Gradient elution with the mobile phases 

as (A) H2O containing 0.1% volume/volume (v/v) formic acid and (B) acetonitrile 

containing 0.1% (v/v) formic acid. Gradient conditions were initially 1% B, increasing 

linearly to 97% B over 1.5 min, remaining at 97% B for 0.4 min then increasing to 100% 

B over 0.1 min. 

Method B - High pH – 40 °C, 1 mL/min flow rate. Gradient elution with the mobile 

phases as (A) 10 mM aqueous ammonium bicarbonate solution, adjusted to pH 10 with 

0.88 M aqueous ammonia and (B) acetonitrile. Gradient conditions were initially 1% B, 

increasing linearly to 97% B over 1.5 min, remaining at 97% B for 0.4 min then increasing 

to 100% B over 0.1 min.  



Method C - TFA – 40 °C, 1 mL/min flow rate. Gradient elution with the mobile phases as 

(A) H2O containing 0.1% volume/volume (v/v) TFA and (B) acetonitrile containing 0.1% 

(v/v) TFA. Gradient conditions were initially 1% B, increasing linearly to 97% B over 1.5 

min, remaining at 97% B for 0.4 min then increasing to 100% B over 0.1 min. 

System 2 

LCMS analysis was carried out on an Agilent 1290 Infinity equipped with an acquity BEH 

column (50 mm x 2.1 mm, 1.7 µm packing diameter). Analytes were detected as a summed 

UV wavelength of 190 – 400 nm. Liquid phase method used: 

Formic – 35 °C, 0.6 mL/min flow rate. Gradient elution with the mobile phases as (A) 

H2O containing 0.1% volume/volume (v/v) formic acid and (B) acetonitrile containing 

0.1% (v/v) formic acid. Gradient conditions were initially 3% B for 0.4 min, increasing 

linearly to 98% B over 2.8 min, remaining at 98% B for 0.6 min then decreasing to 3% B 

over 0.4 min then remaining at 3% B for 0.3 min. . 

Nuclear magnetic resonance (NMR) spectroscopy. Proton (
1
H), carbon (

13
C), and fluorine 

(
19

F) spectra were recorded in deuterated solvents at ambient temperature (unless otherwise 

stated) using standard pulse methods on any of the following spectrometers and signal 

frequencies: Bruker AV-400 (
1
H = 400 MHz, 

13
C = 101 MHz, 

19
F = 376 MHz) and Bruker 

AV-600 (
1
H = 600 MHz, 

13
C = 150 MHz). Chemical shifts are reported in ppm and are 

referenced to tetramethylsilane (TMS) or the following solvent peaks: CDCl3 (
1
H = 

7.27 ppm, 
13

C = 77.0 ppm), DMSO-d6 (
1
H = 2.50 ppm, 

13
C = 39.5 ppm), and MeOH-d4 (

1
H = 

3.31 ppm, 
13

C = 49.15 ppm). Peak assignments were made on the basis of chemical shifts, 

integrations, and coupling constants, using COSY, DEPT, and HSQC where appropriate. 

Coupling constants are quoted to the nearest 0.1 Hz and multiplicities are described as singlet 

(s), doublet (d), triplet (t), quartet (q), quintet (quin), sextet (sxt), septet (sept), br. (broad) and 

multiplet (m).  

Infrared (IR) spectroscopy. Infrared spectra were recorded using a Perkin Elmer Spectrum 

1 machine. Absorption maxima (vmax) are reported in wavenumbers (cm
−1

) and are described 

as strong (s), medium (m), weak (w) and broad (br). 

High-resolution mass spectrometry (HRMS). High-resolution mass spectra were recorded 

on a Micromass Q-Tof Ultima hybrid quadrupole time-of-flight mass spectrometer, with 



analytes separated on an Agilent 1100 Liquid Chromatography equipped with a Phenomenex 

Luna C18 (2) reversed phase column (100 mm x 2.1 mm, 3 µm packing diameter). LC 

conditions were 0.5 mL/min flow rate, 35 ºC, injection volume 2–5 µL. Gradient elution with 

(A) H2O containing 0.1% (v/v) formic acid and (B) acetonitrile containing 0.1% (v/v) formic 

acid. Gradient conditions were initially 5% B, increasing linearly to 100% B over 6 min, 

remaining at 100% B for 2.5 min then decreasing linearly to 5% B over 1 min followed by an 

equilibration period of 2.5 min prior to the next injection. Mass to charge ratios (m/z) are 

reported in Daltons.  

Melting points. Melting points were recorded on a Stuart SMP10 melting point apparatus.  

Mass directed auto preparation (MDAP). Mass-directed automated purification was 

carried out using an H2Os ZQ MS using alternate-scan positive and negative electrospray and 

a summed UV wavelength of 210–350 nm. Two liquid phase methods were used:  

Formic – Sunfire C18 column (100 mm x 19 mm, 5 µm packing diameter, 20 mL/min 

flow rate) or Sunfire C18 column (150 mm x 30 mm, 5 µm packing diameter, 40 mL/min 

flow rate). Gradient elution at ambient temperature with the mobile phases as (A) H2O 

containing 0.1% volume/volume (v/v) formic acid and (B) acetonitrile containing 0.1% 

(v/v) formic acid. 

High pH – Xbridge C18 column (100 mm x 19 mm, 5 µm packing diameter, 20 mL/min 

flow rate) or Xbridge C18 column (150 mm x 30 mm, 5 µm packing diameter, 40 mL/min 

flow rate). Gradient elution at ambient temperature with the mobile phases as (A) 10 mM 

aqueous ammonium bicarbonate solution, adjusted to pH 10 with 0.88 M aqueous 

ammonia and (B) acetonitrile. 

TFA – Sunfire C18 column (100 mm x 19 mm, 5 µm packing diameter, 20 mL/min flow 

rate) or Sunfire C18 column (150 mm x 30 mm, 5 µm packing diameter, 40 mL/min flow 

rate). Gradient elution at ambient temperature with the mobile phases as (A) H2O 

containing 0.1% volume/volume (v/v) TFA and (B) acetonitrile containing 0.1% (v/v) 

TFA. 

The elution gradients used were at a flow rate of 40 mL/min over 10 or 20 min: 

Gradient A   5-30% B 

Gradient B 15-55% B 



Gradient C 30-85% B 

Gradient D 50-99% B 

Gradient E 80-99% B 

 

X-ray Crystallography.  

• PDB file for compound 5 bound to LpPLA2 available for immediate release upon 

publication. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Experimental 

3-Hydroxy-3-(4-(trifluoromethyl)phenyl)cyclobutanecarboxylic acid – 7 

 

To 1-bromo-4-(trifluoromethyl)benzene (197 g, 876 mmol) in THF (1000 mL) was added n-

butyllithium (2.5M in hexanes) (500 mL, 1250 mmol) at −78 ºC. The reaction was stirred for 

2 h before 3-oxocyclobutanecarboxylic acid (50 g, 438 mmol) in THF (250 mL) was added 

dropwise at −78 ºC. The reaction was allowed to warm to ambient temperature and was 

stirred for 16 h. The reaction mixture was quenched with saturated NH4Cl solution (200 mL) 

and basified with 2M NaOH solution (500 mL) and washed with ethyl acetate (700 mL). The 

layers were separated and the aqueous layer was acidified with 2M HCl solution (1000 mL). 

The aqueous was extracted with ethyl acetate (1000 mL) which was then dried over Na2SO4 

and evaporated under reduced pressure to afford 3-hydroxy-3-(4-

(trifluoromethyl)phenyl)cyclobutanecarboxylic acid (100 g, 339 mmol, 77%) as a pale brown 

solid. 

M.p. 113 – 115 ºC; LCMS (System 2, ESI) Rt = 2.21 [M−H]
−
 = 259.1, 88% purity; 

1
H NMR 

(400 MHz, DMSO-d6) δ = 12.45 – 11.90 (br. s., 1H), 7.77 – 7.68 (m, 4H), 2.85 – 2.74 (m, 

1H), 2.67 – 2.53 (m, 4H) 1.92 (s, 1H);
 13

C NMR (101 MHz, DMSO-d6) δ = 175.7, 151.6, 

127.3 (q, 
2
JC-F = 31.5 Hz), 125.7, 124.9 (q, 

3
JC-F = 3.6 Hz), 124.3 (q, 

1
JC-F = 271.4 Hz), 70.8, 

40.9, 28.5;
 19

F NMR (376 MHz, DMSO-d6) δ = −61.3 (s, 3F); vmax/cm
−1

 (thin film) 3208 (br), 

2957, 1701, 1683. 

3-Chloro-3-(4-(trifluoromethyl)phenyl)cyclobutanecarboxylic acid 8 

To 3-hydroxy-3-(4-(trifluoromethyl)phenyl)cyclobutanecarboxylic acid (16.18 g, 62.2 mmol) 

in toluene (300 mL) was added conc. HCl (50 mL, 617 mmol) at ambient temperature and the 

reaction was sonicated for 7 h. The layers were separated and the aqueous layer was extracted 

with toluene (2 × 50 mL). The organics were combined and washed with water (2 × 50 mL) 

and brine (2 × 50 mL). The organics were filtered through a hydrophobic frit and evaporated 

under reduced pressure to give 3-chloro-3-(4-(trifluoromethyl)phenyl)cyclobutanecarboxylic 

acid (13.1 g, 46.9 mmol, 75%) as a white solid. The isomers can be separated via the 



following procedure. The mixture was triturated with hexane and filtered to collect the solid 

washing with hexane. The solid was dried to afford cis-3-chloro-3-(4-

(trifluoromethyl)phenyl)cyclobutanecarboxylic acid as an off-white solid. The filtrate was 

evaporated under reduced pressure to afford trans-3-chloro-3-(4-

(trifluoromethyl)phenyl)cyclobutanecarboxylic acid as an off-white solid.  

cis-3-Chloro-3-(4-(trifluoromethyl)phenyl)cyclobutanecarboxylic acid – 8  

 

M.p. 172 – 174 ºC; LCMS (Method B, UV, ESI) Rt = 0.72 [M−H]
−
 = No mass ion peak, 

100% purity; 
1
H NMR (400 MHz, DMSO-d6) δ = 12.50 (br. s., 1H), 7.88 – 7.74 (m, 4H), 

3.34 – 3.21 (m, 2H), 3.08 – 2.97 (m, 2H), 2.92 – 2.80 (m, 1H);
 13

C NMR (101 MHz, DMSO-

d6) δ = 174.5, 147.8, 128.5 (q, 
2
JC-F = 31.5 Hz), 127.0, 125.2 (q, 

3
JC-F = 3.6 Hz), 124.0 (q, 

1
JC-

F = 272.2 Hz), 65.0, 41.9, 31.1; 
19

F NMR (376 MHz, CDCl3) δ = −62.8 (s, 3F); vmax/cm
−1

 

(thin film) 2989, 1687; HRMS: Calculated for C12H9ClF3O2 277.0249 Found [M−H]
−
: 

277.0251 (0.8 ppm).  

trans-3-Chloro-3-(4-(trifluoromethyl)phenyl)cyclobutanecarboxylic acid – 8  

 

M.p. 114 – 116 ºC; LCMS (Method B, UV, ESI) Rt = 0.71 [M−H]
−
 = 277.4, 81% purity; 

1
H 

NMR (400 MHz, CDCl3) δ = 7.66 (d, J = 8.3 Hz, 2H), 7.49 (d, J = 8.1 Hz, 2H), 3.78 (quin, 

J = 8.8 Hz, 1H), 3.15 – 3.02 (m, 4H);
 13

C NMR (101 MHz, CDCl3) δ = 179.6, 148.3 130.3 (q, 

2
JC-F = 32.8 Hz), 125.7 (q, 

3
JC-F = 4.0 Hz), 125.5, 123.8 (q, 

1
JC-F = 272.3 Hz), 66.8, 41.5, 

32.5;
 19

F NMR (376 MHz, CDCl3) δ = −63.2 (s, 3F); vmax/cm
−1

 (thin film) 2947, 1705; 

HRMS: Calculated for C12H11ClF3O2 279.0394 Found [M+H]
+
: 279.0401 (2.3 ppm). 

 

 

 



Methyl 3-chloro-3-(4-(trifluoromethyl)phenyl)cyclobutanecarboxylate – 9 

 

To a solution of 3-chloro-3-(4-trifluoromethyl)phenyl)cyclobutanecarboxylic acid (10 g, 

35.9 mmol) and HCl (4M in 1,4-dioxane) (45 mL, 180 mmol) in 1,4-dioxane (100 mL) 

stirred under nitrogen at ambient temperature was added methanol (100 mL, 2472 mmol). 

The reaction mixture was stirred at ambient temperature for 3 h. Saturated aq. NaHCO3 (20 

mL) and ethyl acetate (20 mL) were added and the layers were separated. The aqueous layer 

was extracted with ethyl acetate (3 × 20 mL) and the combined organics were evaporated 

under reduced pressure to give methyl 3-chloro-3-(4-

trifluoromethyl)phenyl)cyclobutanecarboxylate (10.5 g, 35.9 mmol, quant.) as a pale yellow 

liquid.  

Analogously, the isomers of 9 could be produced using isomerically pure starting materials. 

Data provided of individual isomers: 

cis-Methyl 3-chloro-3-(4-(trifluoromethyl)phenyl)cyclobutanecarboxylate – 9  

 

 

M.p. 52 – 54 ºC; LCMS (Method B, UV, ESI) Rt = 1.29 [M−H]
−
 = No mass ion peak, 100% 

purity; 
1
H NMR (400 MHz, CDCl3) δ = 7.71 – 7.63 (m, 4H), 3.77 (s, 3H), 3.28 – 3.16 (m, 

4H), 2.95 – 2.84 (m, 1H);
 13

C NMR (101 MHz, CDCl3) δ = 173.6, 147.3, 130.3 (q, 
2
JC-F = 

33.1 Hz), 126.3, 125.7 (q, 
3
JC-F = 3.6 Hz), 123.8 (q, 

1
JC-F = 272.2 Hz), 63.4, 52.2, 42.4, 31.8;

 

19
F NMR (376 MHz, CDCl3) δ = −62.7 (s, 3F); vmax/cm

−1
 (thin film) 2957, 1739. 

 

 

 

 

 

 

 

 



trans-Methyl 3-chloro-3-(4-(trifluoromethyl)phenyl)cyclobutanecarboxylate  – 9  

 

 

LCMS (Method B, UV, ESI) Rt = 1.31 [M+H]
+
 = No mass ion peak, 80% purity; 

1
H NMR 

(400 MHz, CDCl3) δ = 7.66 (d, J = 8.3 Hz, 2H), 7.50 (d, J = 8.3 Hz, 2H), 3.80 – 3.67 (m, 

4H), 3.14 – 2.98 (m, 4H); 
13

C NMR (101 MHz, CDCl3) δ = 174.1, 148.5, 130.2 (q, 
2
JC-F = 

32.8 Hz), 125.7 (q, 
3
JC-F = 4.0 Hz), 125.5, 123.8 (q, 

1
JC-F = 272.3 Hz), 67.1, 52.0, 41.6, 32.6;

 

19
F NMR (376 MHz, CDCl3) δ = −63.2 (s, 3F); vmax/cm

−1
 (thin film) 2955, 1733; HRMS: 

Calculated for C13H13ClF3O2 293.0551 Found [M+H]
+
: 293.0551 (0.1 ppm). 

Methyl 3-(4-(trifluoromethyl)phenyl)bicyclo[1.1.0]butane-1-carboxylate – 10  

 

To solid sodium hydride (60% dispersion in oil) (8.2 g, 205 mmol) in THF (250 mL) stirred 

under nitrogen at ambient temperature was added a solution of cis-methyl 3-chloro-3-(4-

(trifluoromethyl)phenyl)cyclobutanecarboxylate (50 g, 171 mmol) in THF (250 mL) 

portionwise. The reaction mixture was stirred at ambient temperature for 3 h. To the reaction 

mixture was added NH4Cl(aq) (100 mL) and ethyl acetate (350 mL) then water (100 mL). The 

layers were separated and the aqueous layer was extracted with ethyl acetate (3 x 50 mL). 

The organics were combined and dried through a hydrophobic frit. The solvent was 

evaporated under reduced pressure to give methyl 3-(4-

(trifluoromethyl)phenyl)bicyclo[1.1.0]butane-1-carboxylate (43.1 g, 168 mmol, 98%) as a 

yellow solid.  

M.p. 102 – 104, LCMS (Method B, UV, ESI) Rt = 1.21 [M+H]
+
 = No mass ion peak, 100% 

purity; 
1
H NMR (400 MHz, CDCl3) δ = 7.56 (d, J = 8.3 Hz, 2H), 7.39 (d, J = 8.1 Hz, 2H), 

3.51 (s, 3H), 2.96 (t, J = 1.1 Hz, 2H), 1.67 (t, J = 1.1 Hz, 2H); 
13

C NMR (101 MHz, CDCl3) 

δ = 169.4, 138.3, 129.0 (q, 
2
JC-F = 33.1 Hz), 126.1, 125.4 (q, 

3
JC-F = 43.3 Hz), 124.1 (q, 

1
JC-

F = 272.1 Hz), 52.0, 36.0, 31.6, 24.4; 
19

F NMR (376 MHz, CDCl3) δ = −62.5 (s, 3F); 

vmax/cm
−1

 (thin film) 2956, 1708; HRMS: Calculated for C13H12F3O2 257.0784 Found 

[M+H]
+
: 257.0785 (0.5 ppm). 



Methyl 2,2-dichloro-3-(4-(trifluoromethyl)phenyl)bicyclo[1.1.1]pentane-1-carboxylate – 

11 

 

Methyl 3-(4-(trifluoromethyl)phenyl)bicyclo[1.1.0]butane-1-carboxylate (5 g, 19.51 mmol) 

was dissolved in diethylene glycol dimethyl ether (10 mL) and tetrachloroethylene (PCE) 

(30 mL) and the reaction mixture was heated to 120 ºC. Solid sodium 2,2,2-trichloroacetate 

(18.09 g, 98 mmol) was added portionwise over 30 min and the reaction was stirred at 140 ºC 

for an additional 30 min. Water (100 mL) and CH2Cl2 (100 mL) were added and the layers 

were separated. The organic layer was washed with brine (10 × 50 mL) and was then filtered 

through a hydrophobic frit. Added CH2Cl2 (100 mL)  and this was washed with brine (5 × 50 

mL) and then 5% LiCl(aq) (5 × 50 mL) to remove diethylene glycol dimethyl ether. The 

organic layer was filtered through a hydrophobic frit and the solvent was removed under 

reduced pressure to give the crude product. This was purified using column chromatography 

eluting with 0-20 cyclohexane:TBME. Collected fractions containing product were 

evaporated under reduced pressure to give methyl 2,2-dichloro-3-(4-

(trifluoromethyl)phenyl)bicyclo[1.1.1]pentane-1-carboxylate (2.5 g, 7.37 mmol, 38%) as a 

yellow oil.  

LCMS (Method B, UV, ESI) Rt = 1.38 [M−H]
−
 = No mass ion peak, 81% purity; 

1
H NMR 

(600 MHz, CDCl3) δ = 7.66 (d, J = 8.1 Hz, 2H), 7.51 (d, J = 7.9 Hz, 2H), 3.85 (s, 3H), 3.14 

(d, J = 1.3 Hz, 2H), 2.47 (d, J = 1.3 Hz, 2H); 
13

C NMR (150 MHz, CDCl3) δ = 165.4, 135.9 

(q, 
4
JC-F = 1.4 Hz), 130.9 (q, 

2
JC-F = 32.6 Hz), 127.6, 125.5 (q, 

3
JC-F = 3.8 Hz), 123.9 (q, 

1
JC-

F = 272.3 Hz), 94.0, 57.0, 52.5, 52.4, 49.4; 
19

F NMR (376 MHz, CDCl3) δ = −63.2 (s, 3F); 

vmax/cm
−1

 (thin film) 2957, 1737; HRMS: Calculated for C14H13Cl2F3O2 339.0161 Found 

[M+H]
+
: 339.0169 (2.5 ppm). 

 

 

 

 



Methyl 3-(4-(trifluoromethyl)phenyl)bicyclo[1.1.1]pentane-1-carboxylate – 12 

 

To azobis(cyclohexanecarbonitrile) (ACHN) (94 mg, 0.39 mmol) was added methyl 2,2-

dichloro-3-(4-(trifluoromethyl)phenyl)bicyclo[1.1.1]pentane-1-carboxylate (2.3 g, 

6.78 mmol) in toluene (50 mL). Then tris(trimethylsilyl)silane (TTMSS) (11 mL, 38.9 mmol) 

was added. The reaction was heated under reflux for 3 h. ACHN (1.9 g, 7.77 mmol) was 

added portionwise over 4 days with continued heating under reflux. The solvent was removed 

under reduced pressure and the crude product was purified using column chromatography 

eluting with 0-20% cyclohexane:TBME. Fractions containing product were impure and these 

were purified using column chromatography eluting with 0-10% cyclohexane:TBME. 

Fractions containing product were evaporated under reduced pressure to give methyl 3-(4-

(trifluoromethyl)phenyl)bicyclo[1.1.1]pentane-1-carboxylate (1.36 g, 5.03 mmol, 74%)  as a 

white solid. 

M.p. 54 – 56 °C; LCMS (Method B, UV, ESI) Rt = 1.31 [M+H]
+
 = No mass ion peak, 100% 

purity; 
1
H NMR (400 MHz, CDCl3) δ = 7.59 (d, J = 8.1 Hz, 2H), 7.34 (d, J = 7.8 Hz, 2H), 

3.75 (s, 3H), 2.38 (s, 6H);
13

C NMR (101 MHz, CDCl3) δ = 170.3, 143.5 (q, 
4
JC-F = 1.5 Hz), 

129.2 (q, 
2
JC-F = 32.3 Hz), 126.5, 125.2 (q, 

3
JC-F = 3.7 Hz), 124.2 (q, 

1
JC-F = 272.2 Hz), 53.4, 

51.7, 41.5, 37.1;
 19

F NMR (376 MHz, CDCl3) δ = −62.5 (s, 3F); vmax/cm
−1

 (thin film) 2982, 

1737; HRMS: Calculated for C14H14F3O2 271.0940 Found [M+H]+: 271.0944 (1.4 ppm). 

 

 

 

 

 

 



3-(4-(Trifluoromethyl)phenyl)bicyclo[1.1.1]pentane-1-carboxylic acid – 13 

 

To methyl 3-(4-(trifluoromethyl)phenyl)bicyclo[1.1.1]pentane-1-carboxylate (1.3 g, 4.81 

mmol) in 1,4-dioxane (10 mL) was added lithium hydroxide (9.62 mL, 9.62 mmol). This was 

stirred at ambient temperature for 3h. To the reaction was added 2M HCl(aq) (5 mL) and ethyl 

acetate (30 mL). The layers were separated and the aqueous layer was extracted with ethyl 

acetate (3 x 10 mL). The organic layers were combined and evaporated under reduced 

pressure to give 3-(4-(trifluoromethyl)phenyl)bicyclo[1.1.1]pentane-1-carboxylic acid 

(1.17 g, 4.57 mmol, 95%) as a white solid.  

M.p. 233 – 235 °C; LCMS (Method B, UV, ESI) Rt = 0.73 [M-H]
-
 = 255.6, 98% purity; 

1
H 

NMR (400 MHz, DMSO-d6) δ = 12.60 – 12.27 (m, 1H), 7.68 (d, J = 8.1 Hz, 2H), 7.47 (d, J = 

7.8 Hz, 2H), 2.28 (s, 6H); 
13

C NMR (101 MHz, DMSO-d6) δ = 170.9, 144.2, 127.5 (q, 
2
JC-F = 

32.8 Hz), 126.9, 125.1 (q, 
3
JC-F = 3.7 Hz), 124.3 (q, 

1
JC-F = 272.2 Hz), 52.6, 40.6, 36.8;

 19
F 

NMR (376 MHz, DMSO-d6) δ = −60.9 (s, 3F); vmax/cm
−1

 (thin film) 2939, 1697; HRMS: 

Calculated for C13H12F3O2 257.0784 Found [M+H]+: 257.0789 (2.0 ppm). 

 

 

 

 

 

 

 

 



N-(2-(Diethylamino)ethyl)-3-(4-(trifluoromethyl)phenyl)bicyclo[1.1.1]pentane-1-

carboxamide – 15 

 

T3P (50% in ethyl acetate) (2.8 mL, 4.70 mmol), 3-(4-

(trifluoromethyl)phenyl)bicyclo[1.1.1]pentane-1-carboxylic acid (800 mg, 3.12 mmol) and 

triethylamine (0.9 mL, 6.46 mmol) was stirred in ethyl acetate (10 mL) for 30 min. Then 

N1,N1-diethylethane-1,2-diamine (0.66 mL, 4.70 mmol) was added and the reaction mixture 

was stirred for 16 h. Water (15 mL) and CH2Cl2 (20 mL) were added and the layers 

separated. The aqueous was extracted with CH2Cl2 (3 x 5 mL) and the organics were 

combined and evaporated under reduced pressure to give N-(2-(diethylamino)ethyl)-3-(4-

(trifluoromethyl)phenyl)bicyclo[1.1.1]pentane-1-carboxamide (1.10 g, 3.10 mmol, 99%) as a 

orange solid. 

M.p. 81 – 83 °C; LCMS (Method B, UV, ESI) Rt = 1.17 [M+H]
+
 = 355.5, 94% purity; 

1
H 

NMR (400 MHz, CDCl3) δ = 7.58 (d, J = 7.8 Hz, 2H), 7.34 (d, J = 8.1 Hz, 2H), 6.48 – 6.36 

(m, 1H), 3.39 – 3.27 (m, 2H), 2.61 – 2.52 (m, 6H), 2.32 (s, 6H), 1.05 (t, J = 7.1 Hz, 6H); 
13

C 

NMR (101 MHz, CDCl3) δ = 169.7, 143.7, 129.2 (q, 
2
JC-F = 33.0 Hz), 126.5, 125.2 (q, 

3
JC-F = 

3.7 Hz), 124.1 (q, 
1
JC-F = 272.2 Hz), 52.8, 51.3, 47.0, 40.5, 38.8, 36.7, 12.1;

 19
F NMR 

(376 MHz, CDCl3) δ = −62.5 (s, 3F); vmax/cm
−1

 (thin film) 3320 (br) 2975, 1642; HRMS: 

Calculated for C19H26F3N2O 355.1992 Found [M+H]+: 355.2000 (2.2 ppm). 

 

 

 

 

 



N1,N1-Diethyl-N2-((3-(4-(trifluoromethyl)phenyl)bicyclo[1.1.1]pentan-1-

yl)methyl)ethane-1,2-diamine – 16 

 

To N-(2-(diethylamino)ethyl)-3-(4-(trifluoromethyl)phenyl)bicyclo[1.1.1]pentane-1-

carboxamide (978 mg, 2.76 mmol) in THF (30 mL) was added LiAlH4 (2.3 M in 2-MeTHF) 

(2.4 mL, 5.52 mmol) at ambient temperature and the reaction mixture was stirred for 16 h. 

The reaction was quenched by the addition of wet THF (20 mL) initially dropwise then 

portionwise. Water (20 mL) was then added portionwise, followed by 2M HCl (50 mL) and 

ethyl acetate (50 mL). The layers were separated and the organic layer was extracted with 2M 

HCl (3 x 10 mL). The aqueous layers were combined and basified with 2M NaOH (100 mL) 

then extracted with CH2Cl2 (10 x 50 mL). The organics were combined and filtered through a 

hydrophobic frit and evaporated under reduced pressure to give the crude N1,N1-diethyl-N2-

((3-(4-(trifluoromethyl)phenyl)bicyclo[1.1.1]pentan-1-yl)methyl)ethane-1,2-diamine 

(527 mg, 1.55 mmol, 56%). LCMS showed 87% product and this was taken on as is to the 

next step without further purification. 

LCMS (Method B, UV, ESI) Rt = 1.29 [M+H]
+
 = 340.6, 87% purity. 

 

 

 

 

 



N-(2-(Diethylamino)ethyl)-2-(2-((4-fluorobenzyl)thio)-4-oxo-4,5,6,7-tetrahydro-1H-

cyclopenta[d]pyrimidin-1-yl)-N-((3-(4-(trifluoromethyl)phenyl)bicyclo[1.1.1]pentan-1-

yl)methyl)acetamide, Formic acid salt – 5 

 

2-(2-((4-Fluorobenzyl)thio)-4-oxo-4,5,6,7-tetrahydro-1H-cyclopenta[d]pyrimidin-1-yl)acetic 

acid (634 mg, 1.90 mmol), triethylamine (0.350 mL, 2.509 mmol) and T3P (50% in ethyl 

acetate) (1.1 mL, 1.85 mmol) were stirred in CH2Cl2 (5 mL) for 30 min. Then N1,N1-diethyl-

N2-((3-(4-(trifluoromethyl)phenyl)bicyclo[1.1.1]pentan-1-yl)methyl)ethane-1,2-diamine (427 

mg, 1.25 mmol) in CH2Cl2 (5 mL) was added and this was stirred for 16 h. To the reaction 

mixture was added 2M NaOH(aq) (20 mL), water (20 mL) and CH2Cl2 (40 mL). The layers 

were separated and the aqueous layer was extracted with CH2Cl2 (10 x 15 mL). The organics 

were combined and evaporated under reduced pressure. The crude product was purified by 

HpH MDAP, Method D to give product contaminated with formic acid and HpH modifier. 

The product was purified using HpH MDAP (Method D) and the solvent was removed under 

reduced pressure to give N-(2-(diethylamino)ethyl)-2-(2-((4-fluorobenzyl)thio)-4-oxo-

4,5,6,7-tetrahydro-1H-cyclopenta[d]pyrimidin-1-yl)-N-((3-(4-

(trifluoromethyl)phenyl)bicyclo[1.1.1]pentan-1-yl)methyl)acetamide, Formic acid salt 

(526 mg, 0.75 mmol, 60%) as a yellow solid. 

M.p. 88 – 90 °C; LCMS (Method B, UV, ESI) Rt = 1.44 [M+H]
+
 = 657.7, 100% purity; 

1
H 

NMR (400 MHz, DMSO-d6, 373 K) δ = 8.14 (s, 1H), 7.64 (d, J = 8.1 Hz, 2H), 7.47 – 7.41 

(m, 2H), 7.41 – 7.36 (m, 2H), 7.03 (br. s., 2H), 5.00 – 4.80 (m, 2H), 4.46 (s, 2H), 3.57 (br. s., 

2H), 3.40 (t, J = 6.5 Hz, 2H), 2.79 (t, J = 7.6 Hz, 2H), 2.67 – 2.52 (m, 8H), 2.14 – 1.95 (m, 

8H), 0.98 (t, J = 7.1 Hz, 6H);
13

C NMR (101 MHz, CDCl3) δ = 167.6, 167.1, 164.9, 163.5, 

160.7, 156.0, 155.6, 144.2, 143.2, 131.6, 131.1, 130.1, 126.3, 125.3, 125.2, 121.4, 121.2, 

115.7, 115.4, 115.4, 52.4, 52.2, 51.4, 49.7, 49.6, 48.8, 47.8, 47.4, 47.1, 46.4, 43.8, 42.3, 41.8, 

37.2, 37.0, 36.3, 36.3, 32.0, 31.9, 28.3, 20.8, 20.7, 11.6, 9.8;
 19

F NMR (376 MHz, CDCl3) δ = 



−62.5 (s, 3F), -114.2 (s, 1F); vmax/cm
−1

 (thin film) 2969, 1618; HRMS: Calculated for 

C35H41F4N4O2S 657.2881 Found [M+H]+: 657.2883 (0.4 ppm). 

N-(2-(diethylamino)ethyl)-2-(2-((4-fluorobenzyl)thio)-4-oxo-4,5,6,7-tetrahydro-1H-

cyclopenta[d]pyrimidin-1-yl)-N-((3-(4-(trifluoromethyl)phenyl)bicyclo[1.1.1]pentan-1-

yl)methyl)acetamide, Formic acid salt (100 mg, ) was dissolved in MeOH (2 mL) then passed 

through an SAX cartridge eluting with MeOH (3 CVs). This collected fractions were 

evaporated under reduced pressure to give N-(2-(diethylamino)ethyl)-2-(2-((4-

fluorobenzyl)thio)-4-oxo-4,5,6,7-tetrahydro-1H-cyclopenta[d]pyrimidin-1-yl)-N-((3-(4-

(trifluoromethyl)phenyl)bicyclo[1.1.1]pentan-1-yl)methyl)acetamide (87 mg, 0.132 mmol) as 

a yellow solid.  

LCMS (Method B, UV, ESI) Rt = 1.45 [M+H]
+
 = 657.3, 100% purity;

 1
H NMR (400 MHz, 

CDCl3) δ = 7.58 (dd, J = 3.5, 7.9 Hz, 2H), 7.40 – 7.29 (m, 2H), 7.25 (t, J = 8.1 Hz, 2H), 7.02 

– 6.94 (m, 1H), 6.89 – 6.81 (m, 1H), 4.92 – 4.64 (m, 2H), 4.53 (d, J = 4.2 Hz, 2H), 3.63 – 

3.52 (m, 3H), 3.40 – 3.31 (m, 1H), 2.92 – 2.75 (m, 6H), 2.62 – 2.52 (m, 3H), 2.17 – 1.94 (m, 

9H), 1.19 – 1.06 (m, 3H), 1.02 (t, J = 7.2 Hz, 3H). 

 

N-(1-(2-Methoxyethyl)piperidin-4-yl)-3-(4-

trifluoromethyl)phenyl)bicyclo[1.1.1]pentane-1-carboxamide – 19 

 

T3P (50% in DMF) (0.68 mL, 1.17 mmol), 3-(4-

(trifluoromethyl)phenyl)bicyclo[1.1.1]pentane-1-carboxylic acid (200 mg, 0.781 mmol) and 

Et3N (0.22 mL, 1.58 mmol) were stirred in CH2Cl2 (1 mL) for 20 min. Then 1-(2-

methoxyethyl)piperidin-4-amine (0.194 mL, 1.17 mmol) was added and the reaction mixture 

was stirred for 3 h. Water (2 mL) and CH2Cl2 (5 mL) were added and the layers separated. 

The organic layer was washed with 5% aq. LiCl (2 x 2 mL). The combined aqueous layers 

were extracted with DCM (2 x 3 mL). The organics were combined and filtered through a 



hydrophobic frit. The solvent was removed under reduced pressure to give N-(1-(2-

methoxyethyl)piperidin-4-yl)-3-(4-(trifluoromethyl)phenyl)bicyclo[1.1.1]pentane-1-

carboxamide (228 mg, 0.58 mmol, 74% yield) as an off white solid. 

M.p. 185 – 187 °C; LCMS (Method B, UV, ESI) Rt = 1.07 [M+H]
+
 = 397.2, 100% purity; 

1
H 

NMR (400 MHz, DMSO-d6) δ = 7.68 (d, J = 8.1 Hz, 2H), 7.62 (d, J = 7.8 Hz, 1H), 7.45 (d, 

J = 8.1 Hz, 2H), 3.58 - 3.47 (m, 1H), 3.41 (t, J = 6.0 Hz, 2H), 3.23 (s, 3H), 2.84 (m, 2H), 2.45 

(t, J = 6.0 Hz, 2H), 2.22 (s, 6H), 2.04 – 1.94 (m, 2H), 1.70 – 1.61 (m, 2H), 1.53 – 1.40 (m, 

2H); 
13

C NMR (101 MHz, DMSO-d6) δ = 168.2, 144.7, 127.3 (q, 
2
JC-F = 31.5 Hz), 126.8, 

125.1 (q, 
3
JC-F = 3.8 Hz), 124.3 (q, 

1
JC-F = 271.4 Hz), 70.1, 57.9, 57.0, 52.8, 52.3, 46.2, 38.3, 

31.5 (1C concealed);
 19

F NMR (376 MHz, CDCl3) δ = −62.5 (s, 3F); vmax/cm
−1

 (thin film) 

3345, 2942, 1637; HRMS: Calculated for C21H28F3N2O2 397.2097 Found [M+H]+: 397.2096 

(−0.4 ppm). 

 

1-(2-Methoxyethyl)-N-((3-(4-(trifluoromethyl)phenyl)bicyclo[1.1.1]pentan-1-

yl)methyl)piperidin-4-amine, formic acid salt – 20 

 

To [Ir(COE)2Cl]2 (48.4 mg, 0.054 mmol) was added diethylsilane (0.210 mL, 1.62 mmol) 

and CH2Cl2 (0.5 mL). To this was added N-(1-(2-methoxyethyl)piperidin-4-yl)-3-(4-

(trifluoromethyl)phenyl)bicyclo[1.1.1]pentane-1-carboxamide (107 mg, 0.27 mmol) in 

CH2Cl2 (1.5 mL). The reaction mixture was stirred for 20 h at ambient temperature. To the 

reaction mixture was added 4M HCl in 1,4-dioxane (3 mL), however no solid precipitation. 

2M NaOH(aq) was added until alkaline pH achieved. CH2Cl2 (20 mL) was added and the 

layers were separated. The aqueous layer was extracted with CH2Cl2 (3 x 10 mL). The 

organic layers were combined and evaporated under reduced pressure to give a crude product. 

The crude product LCMS showed only desired product. NMR showed diethylsilane peaks. 

To the crude product was added CH2Cl2 (10 mL) and 2M HCl (10 mL) and the layers were 



separated. The organic layer was extracted with 2M HCl (3 x 5 mL). The aqueous layers were 

combined and 2M NaOH(aq) was added until alkaline pH. CH2Cl2 (30 mL) was added and the 

layers were separated. The aqueous layer was extracted with CH2Cl2 (6 x 20 mL) and the 

organics were combined and evaporated under reduced pressure to give a residue which was 

purified using HpH MDAP (Method C) to give 1-(2-methoxyethyl)-N-((3-(4-

(trifluoromethyl)phenyl)bicyclo[1.1.1]pentan-1-yl)methyl)piperidin-4-amine, formic acid salt 

(61 mg, 0.16 mmol, 59%) as a yellow solid. 

M.p. 118 – 120 °C; LCMS (Method B, UV, ESI) Rt = 1.33 [M+H]
+
 = 383.2, 100% purity; 

1
H 

NMR (400 MHz, CDCl3) δ = 8.46 (s, 1H), 7.54 (d, J = 8.1 Hz, 2H), 7.31 – 7.27 (m, 2H), 5.23 

(br. s., 2H), 3.61 (t, J = 5.1 Hz, 2H), 3.35 (s, 3H), 3.26 – 3.19 (m, 2H), 3.05 – 2.96 (m, 3H), 

2.80 (t, J = 5.3 Hz, 2H), 2.47 – 2.37 (m, 2H), 2.17 – 2.10 (m, 8H), 1.95 – 1.82 (m, 2H); 
13

C 

NMR (101 MHz, CDCl3) δ = 167.5, 144.0, 128.9 (q, 
2
JC-F = 32.3 Hz), 126.4, 125.1 (q, 

3
JC-F = 

3.6 Hz), 69.2, 58.8, 56.8, 53.6, 52.2, 51.6, 45.6, 42.0, 36.4, 28.3 (1C concealed);
 19

F NMR 

(376 MHz, CDCl3) δ = −62.4 (s, 3F); vmax/cm
−1

 (thin film) 2782 (br), 1619, 1560; HRMS: 

Calculated for C21H30F3N2O 383.2305 Found [M+H]
+
: 383.2307 (0.5 ppm). 

2-(2-((2,3-Difluorobenzyl)thio)-4-oxoquinolin-1(4H)-yl)-N-(1-(2-methoxyethyl)piperidin-

4-yl)-N-((3-(4-(trifluoromethyl)phenyl)bicyclo[1.1.1]pentan-1-yl)methyl)acetamide – 22 

 

2-(2-((2,3-Difluorobenzyl)thio)-4-oxoquinolin-1(4H)-yl)acetic acid (28.3 mg, 0.078 mmol), 

Et3N (0.015 mL, 0.11 mmol) and T3P (50% in DMF) (0.046 mL, 0.078 mmol) in CH2Cl2 

(0.5 mL) was stirred for 15 min at ambient temperature. To the reaction mixture was added 1-

(2-methoxyethyl)-N-((3-(4-(trifluoromethyl)phenyl)bicyclo[1.1.1]pentan-1-

yl)methyl)piperidin-4-amine (20 mg, 0.052 mmol) in CH2Cl2 (0.500 mL) at ambient 



temperature stirred for 64 h. Water (1 mL) was added and the layers were separated. The 

aqueous layer was extracted with CH2Cl2 (3 x 1 mL). The organic layers were combined and 

evaporated under reduced pressure give a crude product. This was purified by HpH MDAP 

(Method D) to give 2-(2-((2,3-difluorobenzyl)thio)-4-oxoquinolin-1(4H)-yl)-N-(1-(2-

methoxyethyl)piperidin-4-yl)-N-((3-(4-(trifluoromethyl)phenyl)bicyclo[1.1.1]pentan-1-

yl)methyl)acetamide (20 mg, 0.028 mmol, 53% yield) as a yellow solid.  

M.p. 57 – 59 °C; LCMS (Method B, UV, ESI) Rt = 1.36 [M+H]
+
 = 726.2, 100% purity; 

1
H 

NMR (400 MHz, DMSO-d6, 373 K) δ = 8.18 (dd, J = 1.5, 8.1 Hz, 1H), 7.71 – 7.59 (m, 3H), 

7.47 – 7.32 (m, 4H), 7.32 – 7.21 (m, 2H), 7.17 – 7.07 (m, 1H), 6.35 (s, 1H), 5.41 (br. s., 2H), 

4.43 (s, 2H), 3.83 – 3.72  (m, 1H), 3.57 (br. s., 2H), 3.48 (t, J = 5.7 Hz, 2H), 3.28 (s, 3H), 

3.00 (m, 2H), 2.56 (t, J = 5.6 Hz, 2H), 2.27 – 1.68 (m, 12H); 
13

C NMR (101 MHz, CDCl3) δ 

= 176.5, 176.4, 166.5, 165.2, 152.1, 152.0, 142.3, 132.6, 132.4, 127.0, 126.9, 126.4, 126.3, 

125.9, 125.3, 125.1, 124.5, 123.9, 117.5, 117.4, 115.3, 115.1, 113.3, 113.1, 77.2, 69.9, 69.1, 

58.9, 58.9, 57.5, 56.9, 54.8, 53.2, 53.0, 52.9, 52.8, 52.2, 50.1, 49.9, 44.7, 43.4, 41.7, 41.0, 

38.1, 37.8, 33.1, 33.0, 30.8, 28.3;
 19

F NMR (376 MHz, DMSO-d6) δ = −60.79 (s, 3F), 

−138.67 (m, 1F), −142.15 (m, 1F); vmax/cm
−1

 (thin film) 3402 (br), 2964, 1652, 1617, 1593; 

HRMS: Calculated for C39H41F5N3O3S 726.2783 Found [M+H]+: 726.2796 (1.8 ppm). 

 

X-ray crystallography 

 

Materials and methods 

Lp-PLA2 (residues 46-428 with a C-terminal His6 tag) was expressed, purified and 

crystallised essentially as previously described
1
 though the purified protein was concentrated 

to 15mg/ml for crystallisation.  To obtain the protein complex structure with analogue-5, a 

crystal was soaked in 30% PEG3350, 0.1 M HEPES pH 7.3, 0.2 M NaCl, 0.04% pluronic 

F68, 10 mM CHAPS and 2mM compound dissolved in DMSO for ~1 day. 

 

The crystal was cryoprotected by briefly soaking in well buffer with 10% glycerol.  A 

diffraction dataset was acquired at 100 K at the ESRF (station ID29) using a Pilatus 6M 

detector, and processed by the synchrotron autoprocessing suite (XDS_PARALLELPROC)
2
 

using XDS
3
.   Data were merged using AIMLESS

4
 within the CCP4 programming suite

5
. 

 



The crystal structure was solved by Fourier Synthesis using REFMAC
6
 and a previously 

determined in-house Lp-PLA2 crystal structure as the starting model.  Refinement was 

carried out with REFMAC and model building using COOT
7
.  The final Rfactor (and Rfree) 

achieved were 16.2% (and 19.2%) and the structure was deposited into the PDB as entry 

5LP1. 
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a Data for the highest resolution shell are given in parentheses. 
b Rmerge = Σ|Ij - <Ij>|/Σ<Ij>. 
 

Lp-PLA2 Analogue 5 
PARAMETERa  

DATA COLLECTION  
Space Group C2 

Cell Dimensions  

a,b,c  (Å) 100.28,91.56,51.65 

α, β, γ (°°°°) 90.00,111.88, 90.00 

Resolution (Å) 1.91 (1.98) 

Rmerge
b 0.094 (0.624) 

Average I/σI 7.8 (1.7) 

Completeness (%) 98.7 (92.5) 

Redundancy 3.4 (3.2) 

No. Reflections 112961 (9618) 

No. Unique Reflections 33162 (3045) 

REFINEMENT  

Resolution (Å) 20.00-1.91 

Rwork/Rfree 0.162/0.192 

No. Reflections 31474 

No. atoms  

Protein (chain A) 3040 

Cmpd (L) 46 

Water (W) 332 

Cl- (C) 2 

B-factors [Å2]  

Protein (chain A) 35.3 

Cmpd (L) 37.0 

Water (W) 47.4 

Cl- (C) 36.5 

R.m.s deviations  

Bond lengths (Å) 0.007 

Bond angles (°°°°) 1.386 


