
Supplementary material:  

Compound synthesis 

Instrumentation 

Reagents and reactants were purchased from Aldrich or Alfa Aesar and used as received unless 

otherwise stated. DCM was distilled over CaH2. Anhydrous DMF was purchased from Sigma Aldrich.  

All NMR spectra were recorded on a Bruker Avance spectrometer at a probe temperature of 25 °C, 

unless otherwise stated, operating at 300 MHz for the 1H nucleus and 75 MHz for the 13C nucleus. 

Proton and carbon signals were assigned with the aid of 2D NMR experiments (COSY, HSQC) and 

DEPT experiments for novel compounds. Spectra were recorded in CDCl3 unless otherwise stated, 

with Me4Si used as internal standard. Chemical shifts are given in ppm downfield form the internal 

standard and coupling constants are given in Hz. 13C NMR spectra were recorded with complete 

proton decoupling.  

Melting point analyses were carried out using a Stewart Scientific SMP11 melting point apparatus 

and are uncorrected. High resolution mass spectra (HR-MS) were performed on an Agilent-L 1200  

Series coupled to a 6210 Agilent Time-of-Flight (TOF) mass spectrometer equipped with an both a 

positive and negative electronspray source. Infrared spectra were obtained in the region 4000-400 

cm-1 on a Nicolet Impact 400D spectrophotometer or using a Perkin Elmer 2000 FTIR spectrometer.  

Flash column chromatography was performed using silica gel 60 (Merck, 0.040-0.063 mm). Analytical 

thin layer chromatography was carried out on aluminium sheets pre-coated with Merck TLC Silica gel 

60 F254. Developed sheets were visualised using a portable UVltec CV-006 lamp (λ = 254, 365 nm) or 

the appropriate stain. 

General procedure for the synthesis of RTB-70 and RTC-1. 

Carboxylic acid, HOBt, TBTU, anhydrous NEt3 and anhydrous DMF were placed in an oven-dried 

Schlenk tube under a N2 atmosphere. The resulting solution was stirred at rt for 15 mins. A second 

Schlenk tube was prepared containing amine and anhydrous DMF under a N2 atmosphere. The 

resulting solution was transferred, via a cannula, to the first Schlenk tube containing the carboxylic 

acid. The solution was stirred under N2 and the reaction progress monitored by TLC. The DMF was 

removed under reduced pressure and the resulting oil was acidified (pH = 3) using a 0.1 M aqueous 

HCl solution. The aqueous mixture was extracted with DCM (20 mL, followed by 4 x 10 mL). The 

organic combined layers were washed with a saturated aqueous solution of Na2CO3 (3 x 20 mL) and 

brine (3 x 20 mL) and dried over MgSO4 and the residue was purified using flash chromatography. 

 



RTB-70 

Synthesis of 1-(4-(3-chloro-5-(trifluoromethyl)pyridin-2-yl)piperazin-1-yl)-3-(thiophen-2-

ylthio)propan-1-one. 

 
Prepared from 1-(3-chloro-5-(trifluoromethyl)pyridin-2-yl)piperazine (698 mg, 2.63 mmol) and 3-

(thiophen-2-ylthio)propanoic acid (450 mg, 2.39 mmol) using HOBt (698 mg, 2.63 mmol), TBTU (767 

mg, 2.63 mmol), anhydrous NEt3 (532 µL, 3.82 mmol) and anhydrous DMF (10 mL) and following the 

general procedure described above. The reaction mixture was stirred overnight at room 

temperature under a N2 atmosphere. Purified using flash chromatography (3:2 EtOAc:n-hexane). The 

obtained product was dissolved in a minimal amount of DCM and Pet. Ether was added until 

precipitation began. The solution and the precipitate was stored at -20 °C overnight, and the 

resultant crystals collected by vacuum filtration and washed with cold Pet. Ether (~ 20 mL) to give 

white needles, 2.1 g (71%).  

1H NMR: (300 MHz, CDCl3) δ 8.41-8.40 (m, 1H, H3), 7.79-7.78 (m, 1H, H1), 7.35 (dd, J = 5.3 Hz, J = 1.2 

Hz, 1H, H9), 7.45 (m, 1H, H7), 7.00-6.97 (m, 1H, H8), 3.78-7.75 (m, 2H*), 3.58-3.55 (m, 2H*), 3.50-

3.46 (m, 4H*), 3.11  (t, J = 7.1 Hz, 2H,  H5), 2.68 (t, J = 7.1 Hz, 2H, H4) *Piperazine. 13C NMR: (75 MHz, 

CDCl3) δ 170.1 (C=O), 160.1 (C2), 143.6 (q, J = 4.1 Hz, C3), 136.7 (q, J = 3.3 Hz, C1), 134.6 (C6, C9), 

130.2 (C7), 128.3 (C8), 123.8 (q, J = 270.0 Hz, CF3), 121.7 (CCl), 121.2 (q, J =  33.0 Hz, C-CF3), 49.1 (C*), 

45.7 (C*), 42.0 (C*), 34.8 (C5), 33.9 (C4) *Piperazine. Rf: 0.5 (3:2, EtOAc:n-hexane). HR-MS: calcd for 

C17H18ClF3N3OS2 m/z: [M + H]+, 436.0526; found: 436.0531 [Diff (ppm) = 1.14]. IR (KBr): 2840 (C-H), 

1636 (C=O), 1603 (C=C), 1452 (C=C), 1323 (C-F), 1248 (C-N), 706 (C-Cl) cm-1. m.p.: 70-72 °C. Anal. 

calcd for C17H17ClF3N3OS2; C, 46.84; H, 3.93; N, 9.64% found: C, 46.51; H, 3.84; N, 9.30%. 

 

 

 

 

 

 



RTC-1 

Synthesis of 4-(thiophen-2-yl)-1-(4-(4-(trifluoromethyl)phenyl)piperazin-1-yl)butan-1-one. 

 

Prepared from 1-(4-(trifluoromethyl)phenyl)piperazine (100 mg, 0.43 mmol) and 4-(2-thienyl)butyric 

acid (50 µL, 0.34 mmol), using HOBt (58 mg, 0.43 mmol), TBTU (140 mg, 0.43 mmol), anhydrous NEt3 

(100 µL, 0.69 mmol) and anhydrous DMF (3 mL) and following the general procedure described in 

section 10.2. The reaction mixture was stirred at rt overnight under a N2 atmosphere. Purified using 

flash chromatography (3:2 EtOAc:n-hexane). The obtained product was dissolved in minimal DCM (~ 

1 mL) and Pet. Ether was added until precipitation began. The solution was stored at -20 °C 

overnight, and the resultant crystals collected by vacuum filtration and washed with cold Pet. Ether 

(~ 20 mL) to give white needles, 104 mg (80%).  

1H NMR: (300 MHz, CDCl3) δ 7.49 (d, J = 8.7 Hz, 2H, H1, H5), 7.12 (dd, J = 5.1 Hz, 1.2 Hz, 1H, H12), 

6.94-6.90 (m, 3H, H2, H4, H11), 6.82-6.80 (m, 1H, H10), 3.76 (m, 2H*), 3.56 (m, 2H*), 3.24 (m, 4H*), 

2.91 (t, J = 7 Hz,  2H, H8), 2.38 (t, J = 7 Hz, 2H, H6), 2.11-2.0 (m, 2H, H7). *Piperazine. 13C NMR: (75 

MHz, CDCl3) δ 171.0 (C=O), 152.9 (C3), 144.3 (C9), 126.8 (C10), 126.5 (q, J = 3.6 Hz, C1, C5), 124.61 (q,  

J = 270.0 Hz, CF3) 124.60 (C12), 123.2 (C11), 121.2 (q, J = 33.0 Hz, C-CF3), 115.0 (C2, C4), 48.3 (C*), 

48.1 (C*), 45.0 (C*), 41.1 (C*), 31.9 (C6), 29.2 (C8), 26.9 (C7). *Piperazine. Rf: 0.5 (3:2, EtOAc:n-

hexane). HR-MS: calcd for C19H22F3N2OS m/z: [M + H]+, 383.1399; found: 383.1402 [Diff(ppm) = 0.61]. 

IR (KBr): 2924 (C-H), 1653 (C=O), 1612 (C=C), 1438(C=C), 1331 (C-F), 1233 (C-N) cm-1. m.p.: 90-94 °C. 

Anal. calcd for C19H22F3N2OS; C, 59.67; H, 5.54; N, 7.33% found: C, 59.71; H, 5.14; N, 7.17%. 

 



 

Supplementary figure 1 

The rate of oxygen consumption by isolated rat mitochondria. The addition of 5 mmol l-1 glutamate 

and 3 mmol l-1 malate (Glu/Mal) initiated an increase in oxygen consumption. Once this rate had 

reached steady state RTC-1 (a) or RTB-70 (b; both 100 µmol l-1) were added which inhibited the rate 

of oxygen being consumed. Again, once steady state had been reached the complex II substrate, 

succinate, was added (10 mmol l-1). This increased the rate of oxygen consumption again, indicating 

that both RTC-1 and RTB-70 inhibit the activity of complex I only. 

 

 


