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Table S1: Tier-1 Profiling Screen of Selected 1-(Diarylmethyl)-1H-1,2,4-triazoles 
and 1-(Diarylmethyl)-1H-imidazoles a 

Molecule ID ADMET 
Solubilityb 

ADMET 
Solubility 

Levelc 
ADMET 
BBBd 

ADMET 
BBB 

Levele 

ADMET EXT 
CYP2D6 

Prediction 

ADMET EXT  
Hepatotoxic 
Prediction 

 

2a -3.6030 3 -0.41800 2 false true 

 

16c -3.9820 3 -0.25600 2 false true 

 

16g -4.2720 2 -
0.046000 2 false true 

  

19e -3.6410 3 -0.66000 3 false true 

 

24 -3.8300 3 -0.59300 3 false true 

 

21l -3.6660 3 -0.44300 2 true true 

 

 

21e -4.0930 2 -
0.038000 2 true true 

 

27f -6.2520 1 0.89500 0 false false 
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27i -5.3710 2 0.34000 1 false true 

 

20b -4.2290 2 -0.16300 2 false true 

 

20d -4.3940 2 0.61100 1 true true 

 

26g -4.8420 2 0.43600 1 true false 

 

25b -5.2490 2 0.57700 1 true false 

 
aCalculated using Pipeline Pilot Professional (v8.5.0.200) BIOVIA, Dassault Systèmes 
bADMET Solubility: Log of the water solubility at 25 °C (LogSw)(mol/L) 
cADMET Solubility Level: Ranking of the solubility values into the following classes: 0: 
Extremely Low; 1: Very Low; 2: Low; 3: Good; 4: Optimal; 5: Very Soluble 
dADMET BBB: Predicts the blood brain barrier penetration of a molecule, defined as the 
ratio of the concentrations of solute (compound) on the both sides of the membrane after 
oral administration.  
eADMET Blood Brain Barrier Absorption (BBB) Level: Ranking of LogBBB values into 
one of the following levels: 0: Very High; 1: High; 2: Medium; 3: Low; 4: Undefined 
(molecule is outside the confidence area of the regression model used to calculate 
LogBB) 
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Table S2: ADMET and Lipinski Properties for Selected 1-(Diarylmethyl)-1H-1,2,4-
triazoles and 1-(Diarylmethyl)-1H-imidazoles a 

 

Molecule ID 
ADMET 

Absorption 
Levelb 

ADMET 
EXT PPB 

Predictionc 
LogPd MW Num 

HBA  
Num 
HBD  

Rot 
Bonds 

Molecular 
Volume 

Molecular 
Polar 

Surface 
Area 

 
2a 0 true 2.35 318.32 6 1 6 210.94 74.220 

 

16c 0 false 2.93 355.39 6 0 7 235.64 67.630 

 

16g 0 true 3.09 343.35 5 0 6 221.92 58.400 

 
 

19e 0 false 2.41 371.39 7 1 7 241.12 87.860 

 

24 0 false 3.50 371.39 7 1 7 244.90 87.860 

 

21l 0 true 2.91 370.40 6 1 7 247.64 74.970 

 

 

21e 0 true 3.30 354.40 5 0 7 242.84 54.740 

 

27f 0 true 5.50 462.58 6 0 8 328.93 43.400 
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27i 0 true 3.92 464.55 7 1 8 326.53 63.630 

 

20b 0 true 3.01 279.29 3 0 4 178.01 63.640 

 
20d 0 true 3.96 252.29 1 0 3 164.29 17.820 

 

26g 0 true 3.50 357.44 5 0 7 257.59 40.160 

 

25b 0 true 3.92 371.47 5 0 7 269.25 40.160 

 
aCalculated using Pipeline Pilot Professional (v8.5.0.200) BIOVIA, Dassault Systèmes 
bADMET Absorption Level: Ranking of the molecule into one of the following levels: 0: 
Good; 1: Moderate; 2: Poor; 3: Very Poor 
cADMET Plasma Protein Binding (PPB) Prediction: If true, the compound is predicted to 
be a binder (>=90%). Otherwise, it is predicted to be a weak or nonbinder(<90%). 
d ChemBioDraw Ultra 13.0.2.3020 
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Table S3: Comparative Antitumour Evaluations of compounds 19e, 21l, 25g, 26b and 
27d in the NCI-60 cell line in vitro single dose primary screena 

  

Cell Line 

Compound 
19e 

Compound 
21l 

Compound 
25g 

Compound 
26b 

Compound 
27d 

Growth 
percentagea, e 

Growth 
percentagea, f 

Growth  
percentagea, g 

Growth  
percentagea, h 

Growth 
percentagea, i 

Leukemia      
CCRF-CEM 9.32 6.97 71.21 29.91 68.76 
HL-60 (TB) -32.53 c -35.94 c 35.51 4.36 22.98 

K-562 8.34 8.00 25.23 18.04 26.38 
MOLT-4 16.7 14.01 78.09 31.54 53.48 

RPMI-8226 20.71 18.86 97.42 41.20 84.15 
SR 7.03 8.48 23.87 18.46 16.10 

Non-Small 
Cell Lung Cancer 

     

A549/ATCC 18.6 12.80 77.65 49.14 78.38 
EKVX 39.79 30.23 87.78 59.13 82.69 

HOP-62 32.17 29.46 79.46 29.82 69.72 
HOP-92 43.92 25.77 85.48 44.15 70.59 

NCI-H226 73.39 68.70 87.61 55.46 85.40 
NCI-H23 39.85 38.92 85.27 59.28 88.53 

NCI-H332M 51.45 48.23 87.51 47.90 65.07 
NCI-H460 9.82 6.11 84.31 19.38 74.38 
NCI-H552 12.78 12.12 58.47 19.85 52.38 

Colon Cancer      
COLO 205 -1.65 c -9.99 c 71.23 16.14 61.78 

HCT-2998 25.25 24.97 89.14 79.59 91.92 
HCT-116 7.25 6.88 62.27 29.08 56.66 
HCT-15 10.04 7.70 52.67 20.63 47.63 

HT29 5.30 5.94 40.59 7.93 28.31 
KM12 21.79 17.05 43.91 30.23 40.62 

SW-620 29.08 28.61 47.76 14.47 43.57 
CNS Cancer      

SF-268 48.75 39.64 84.26 47.22 86.44 
SF295 2.56 -3.02 c 69.71 18.75 68.71 

SF539 9.34 9.52 95.69 27.71 81.24 
SNB-19 33.31 30.51 90.50 30.43 69.95 
SNB-75 48.64 56.72 84.06 26.61 92.44 

U251 15.32 15.52 77.78 26.12 62.75 
Prostate cancer      

PC-3 21.20 20.69 63.89 25.08 59.28 
DU-145 19.64 12.91 103.12 64.18 102.00 

Melanoma      
LOX IMV1 43.48 25.65 72.96 36.34 67.02 

MALME-3M 70.24 66.57 85.32 55.25 74.83 
M14 -1.61 c 0.91 60.08 23.27 52.83 

MDA-MB-435 -46.16 -29.47 c -21.80 c -21.79 -32.20 c 
SK-MEL-2 55.94 43.54 55.67 22.02 27.38 

SK-MEL-28 57.04 62.95 80.08 47.22 78.33 
SK-MEL-5 14.60 -12.88 c 65.20 29.49 52.63 

UACC-257 44.45 37.75 74.57 54.88 84.23 
UACC-62 32.04 36.48 57.35 18.17 49.44 
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Ovarian Cancer      
IGROV1 49.22 36.42 c 82.87 47.13 62.96 

OVCAR-3 1.74 -9.52 66.63 8.29 68.96 
OVCAR-4 72.08 73.56 101.25 69.25 97.02 
OVCAR-5 72.98 71.11 92.64 69.57 84.69 
OVCAR-8 13.43 10.28 95.58 50.11 92.58 

NCI/ADR-RES 1.80 12.06 69.39 23.95 61.59 
SK-OV-3 20.25 21.78 77.46 16.68 66.24 

Renal Cancer      
786-0 28.10 19.99 93.40 38.84 82.57 
A498 9.66 8.04 31.23 7.32 51.90 

ACHN 52.36 42.41 103.18 50.89 92.77 
CAKI-1 40.43 41.26 77.46 29.22 66.73 
RXF 393 -13.85 c -5.38 c 103.13 25.99 72.30 

SN12C 39.32 37.55 108.47 54.32 88.36 
TK-10 61.31 52.86 88.29 57.56 84.76 
UO-31 57.96 61.96 75.13 48.76 68.80 

Breast Cancer      
MCF-7 17.87 18.38 64.09 23.57 47.67 

MDA-MB-
231/ATCC 

43.15 34.75 80.82 
53.09 

71.05 

HS 578T 31.34 29.10 80.45 16.61 59.07 
BT-549 11.30 -0.07 c 81.58 49.73 92.41 

T-47D 34.98 42.62 89.77 33.59 75.11 
MDA-MB-468 7.88 15.64 54.75 9.32 52.99 
Mean Growth 

percentage 26.24 23.38 73.14 34.17 65.45 

aData obtained from NCI in vitro 60 cell line human tumour cell screen at 10 µM concentration. 
bMean growth percentage; c negative values indicate cytotoxicity/cell death d Nd: Not determined; 
e NSC 788805; f  NSC 788806; g NSC 803351; h NSC 803350; i NSC 803353.  
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Figure S1: 1H-NMR spectrum of compound 13m (DMSO-d6) 
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Figure S2: 1H-NMR spectrum of compound 15c (CDCl3) 

 

Figure S3: 13C-NMR spectrum of compound 15c (CDCl3) 
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Figure S4: 1H-NMR spectrum of compound 16c (CDCl3) 

 

 
Figure S5: 13C-NMR spectrum of compound 16c (CDCl3) 
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Figure S6: 1H-NMR spectrum of compound 19e (CDCl3) 

 

 
Figure S7: 13C-NMR spectrum of compound 19e (CDCl3)  
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Figure S8: 1H-NMR spectrum of compound 25a (CDCl3) 

 
Figure S9: 13C-NMR spectrum of compound 25a (CDCl3) 
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Figure S10: 1H-NMR spectrum of compound 21i (CDCl3) 

 

 
Figure S11: 13C-NMR spectrum of compound 21i (CDCl3) 
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Figure S12: 1H-NMR spectrum of compound 23a (CDCl3) 

 
Figure S13: 13C-NMR spectrum of compound 23a (CDCl3) 
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Figure S14: 1H-NMR spectrum of compound 24 (DMSO-d6) 
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Figure S15: 13C-NMR spectrum of compound 24 (DMSO-d6) 
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Figure S16: 1H-NMR spectrum of compound 27d (CDCl3) 

 
 

 
Figure S17: 13C-NMR spectrum of compound 27d (CDCl3) 
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Figure S18: 1H-NMR spectrum of compound 28 (CDCl3) 

 
Figure S19: 13C-NMR spectrum of compound 28 (CDCl3) 
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Experimental chemistry 

 

All reagents were commercially available and were used without further purification 

unless otherwise indicated. Anhydrous solvents were purchased from Sigma. Uncorrected 

melting points were measured on a Gallenkamp apparatus. Infra-red (IR) spectra were 

recorded on a Perkin Elmer FT-IR Paragon 1000 spectrometer. 1H and 13C nuclear 

magnetic resonance spectra (NMR) were recorded at 27 oC on a Brucker DPX 400 

spectrometer (400.13 MHz, 1H; 100.61 MHz, 13C) in CDCl3 (internal standard 

tetramethylsilane (TMS)). For CDCl3, 1H NMR spectra were assigned relative to the 

TMS peak at 0.00 ppm and 13C NMR spectra were assigned relative to the middle CDCl3 

peak at 77.0 ppm. Electrospray ionisation mass spectrometry (ESI-MS) was performed in 

the positive ion mode on a liquid chromatography time-of-flight mass spectrometer 

(Micromass LCT, Waters Ltd., Manchester, UK). The samples were introduced to the ion 

source by an LC system (Waters Alliance 2795, Waters Corporation, USA) in 

acetonitrile: water (60:40 % v/v) at 200 µL/min.  The capillary voltage of the mass 

spectrometer was at 3 kV.  The sample cone (de-clustering) voltage was set at 40 V.  For 

exact mass determination, the instrument was externally calibrated for the mass range 

m/z 100 to m/z 1000.  A lock (reference) mass (m/z 556.2771) was used. Mass 

measurement accuracies of < ±5 ppm were obtained. TLC was performed using Merck 

Silica gel 60 TLC aluminium sheets with fluorescent indicator visualizing with UV light 

at 254 nm. Flash chromatography was carried out using standard silica gel 60 (230-400 

mesh) obtained from Merck. All products isolated were homogenous on TLC. The purity 

of the tested compounds was determined by HPLC. Analytical high-performance liquid 

chromatography (HPLC) was performed using a Waters 2487 Dual Wavelength 

Absorbance detector, a Waters 1525 binary HPLC pump and a Waters 717 plus 

Autosampler. The column used was a Varian Pursuit XRs C18 reverse phase 150 Í 4.6 

mm chromatography column. Samples were detected using a wavelength of 254 nm. All 

samples were analyzed using acetonitrile (60%): water (40%) over 10 min and a flow rate 

of 1 mL/min. Microwave experiments were carried using a Biotage Discover CEM 

microwave synthesiser on standard power setting (maximum power supplied is 300 

watts) unless otherwise stated.  
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4-Benzoylphenyl acetate (11h): To a solution of 4-hydroxybenzophenone (1 eq, 5.04 

mmol, 1 g) in dry DCM (50 mL), was added trimethylamine (1 eq, 5.04 mmol, 0.70 mL) 

followed by addition of acetyl chloride (3 eq, 15.13 mmol, 1 mL). The reaction was 

allowed to stir for 3 h under a nitrogen atmosphere at room temperature. The organic 

phase was then washed with water, (30 mL) dried over sodium sulphate filtered and 

concentrated. Yield: 93% (1.13 g) white solid Mp. 81-83 °C [1]. 1H NMR (400 MHz, 

CDCl3) d 2.32 (s, 3 H, CH3), 7.20 (d, J=8.5 Hz, 2 H, Ar-H), 7.45-7.49 (m, 2 H, Ar-H), 

7.56-7.59 (m, 1 H, Ar-H), 7.78 (d, J=7.32 Hz, 2 H, Ar-H), 7.84 (d, J=8.5 Hz, 2 H, Ar-H). 
13C NMR (101 MHz, CDCl3) d 21.15 (CH3), 121.49 (2xCH), 128.30 (2xCH), 129.92 

(4xCH), 131.64 (CH), 132.44 (C), 137.46 (C), 153.85 (C-O), 168.87 (C=O), 195.50 

(C=O). LRMS (APCI): found 241.20 (M+H)+; C15H13O3 requires 241.10. IR: νmax (ATR) 

cm-1: 3285, 2990, 2959, 2929, 1749, 1647, 1595, 1578, 1410, 1365, 1281, 1212, 1195, 

1161, 1146, 1014, 941, 918, 854, 789, 704, 655, 593. 

N-(4-Benzoylphenyl)acetamide (11i): 4-aminobenzophenone (1 eq, 2.5 mmol, 0.5 g) 

was dissolved in dry DCM (20 mL), trimethylamine (1 eq, 2.5 mmol, 0.25 g, 0.35 mL) 

was added followed by acetyl chloride (3 eq, 7.6 mmol, 0.6 g, 0.54 mL). The reaction 

was stirred at room temperature under nitrogen for 1 h. After 1 h the solution was washed 

with water (10 mL), brine (10 mL) and dried over sodium sulphate. The crude product 

was purified via flash column chromatography (eluent: n-hexane/ethyl acetate 1:1). Yield: 

87% (0.52 g) white solid Mp. 151-152 °C [2]. 1H NMR (400 MHz, CDCl3) δ 7.79 (d, J = 

8.5 Hz, 2H, Ar-H), 7.75 (d, J = 7.6 Hz, 2H, Ar-H), 7.62 (d, J = 8.3 Hz, 2H, Ar-H), 7.55 

(d, J = 7.4 Hz, 1H, Ar-H), 7.44 - 7.48 (m, 2H, Ar-H), 2.20 (s, 3H, CH3). 13C NMR (101 

MHz, CDCl3) δ 195.70 (C=O), 168.61 (NH-C=O), 141.87 (C), 137.76 (C), 132.94 (C), 

132.23 (CH), 131.58 (2xCH), 129.83 (2xCH), 128.25 (2xCH), 118.72 (2xCH), 24.74 

(CH3). LRMS (EI): found 240.19 (M+H)+; C15H14NO2 requires 240.10. IR: νmax (ATR) 

cm-1: 3341, 1702, 1600, 1586, 1523, 1462, 1371, 1343, 1284, 1253, 1172, 1040, 927, 

842, 744, 736, 690, 652. 

N-(4-Benzoylphenyl)-2,2,2-trifluoroacetamide (11j): To a solution of 8 (1 eq, 2.5 

mmol, 0.5 g) in dry DCM (50 mL) under nitrogen atmosphere, triethylamine (1 eq, 2.5 

mmol, 0.35 mL) was added, followed by trifluoroacetic anhydride (2 eq, 5 mmol, 0.7 
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mL). The reaction mixture was allowed to stir for 15 min over ice and for another 2 h at 

room temperature. The solution was then washed with HCl 10% (3x20 mL), NaHCO3 

(2x20 mL), water (20 mL) and brine (20 mL). The organic phase was dried over sodium 

sulphate, filtered and concentrated. No further purification was required. Yield: 94% 

(0.69 g) pale yellow solid, Mp. 135-137 °C. IR: νmax (ATR) cm-1: 3538, 3280, 3201, 

1738, 1640, 1598, 1541, 1413, 1281, 1248, 1208, 1175, 1140. 1H NMR (400 MHz, 

DMSO-d6) δ 7.51 - 7.56 (m, 2 H, Ar-H), 7.62 - 7.67 (m, 1 H, Ar-H), 7.68 - 7.72 (m, 2 H, 

Ar-H), 7.76 - 7.80 (m, 2 H, Ar-H), 7.83 - 7.87 (m, 2 H, Ar-H), 11.56 (s, 1 H, NH). 13C 

NMR (101 MHz, DMSO-d6) δ 117.03 (CF3), 120.43 (2xCH), 128.55 (2xCH), 129.49 

(2xCH), 130.92 (2xCH), 132.57 (CH), 133.67 (C), 137.07 (C), 140.25 (C), 154.59 

(C=OCF3), 194.63 (C=O). HRMS (EI): found 292.0581 (M-H)+ C15H9F3NO2 requires 

292.0586.  

 

 (4-(Benzyloxy)phenyl)(phenyl)methanone (11k): To a solution of 4-

hydroxybenzophenone (1 eq, 5.78 mmol, 1 g) in ACN (50 mL), K2CO3 (1.3 eq, 7.5 

mmol, 1.03 g) was added while stirring followed by the dropwise addition of benzyl 

bromide (1 eq, 5.78 mmol, 0.68 mL). The mixture was stirred for 6 h under nitrogen 

atmosphere at reflux. After 6 h the mixture was filtered and concentrated giving the 

desired final product. Yield: 90% (1.89 g) white crystals, Mp. 85-87 °C [3]. 1H NMR 

(400 MHz, CDCl3) d 5.14 (s, 2 H, CH2), 7.02 (d, J=8.54 Hz, 2 H, Ar-H), 7.32 - 7.48 (m, 7 

H, Ar-H), 7.52 - 7.58 (m, 1 H, Ar-H), 7.74 (d, J=7.32 Hz, 2 H, Ar-H), 7.81 (d, J=9.16 Hz, 

2 H, Ar-H). 13C NMR (101 MHz, CDCl3) d 70.16 (CH2), 114.39 (2xCH), 127.47 (2xCH), 

128.16 (2xCH), 128.23 (CH), 128.69 (2xCH), 129.71 (2xCH), 130.36 (C), 131.87 

(2xCH), 132.54 (CH), 136.20 (C), 138.23 (C), 162.34 (C-O), 195.49 (C=O). HRMS (EI): 

found 311.1028 (M+Na)+ C20H16NaO2 requires 311.1048. IR: νmax (ATR) cm-1: 3099, 

3039, 2863, 1638, 1599, 1575, 1416, 1317, 1305, 1242, 1149, 1000, 938, 921, 842, 795, 

742, 705, 690, 639. 

Bis(4-((tert-butyldimethylsilyl)oxy)phenyl)methanone (11l): A solution of 4,4’-

dihydroxy benzophenone (1 eq, 4.67 mmol, 1 g) in dry DCM (50 mL) was reacted with 

tert-butyldimethylsilyl chloride (2 eq, 9.34 mmol, 1.40 g) and DBU (2.5 eq, 11.675 

mmol, 1.77 g 1.74 mL) and stirred at RT for 4 h. After 4 h the solution was washed with 



 23 

HCl (0.1 M, 30 mL), NaHCO3 sat. (30 mL) and water (20 mL). The organic phase was 

then dried over sodium sulphate The crude product was purified via flash 

chromatography (eluent: n-hexane/ethyl acetate 8:2). Yield: 78% (1.60 g) white solid, 

Mp. 214-216 °C [4]. 1H NMR (400 MHz, CDCl3) d 0.24 - 0.27 (m, 12 H, CH3), 1.00 - 

1.02 (m, 18 H, CH3), 6.88 - 6.93 (m, 4 H, Ar-H), 7.71 - 7.75 (m, 4 H, Ar-H). 13C NMR 

(101 MHz, CDCl3) d -4.35 (4xCH3), 18.26 (2xC), 25.61 (6xCH3), 119.61 (4xCH), 131.28 

(2xC), 132.13 (4xCH), 159.49 (2xC-O), 194.69 (C=O). LRMS (EI): found 443.40 

(M+H)+  C25H39O3Si2 requires 443.24. IR: νmax (ATR) cm-1: 3323, 3120, 1627, 1584, 

1570, 1445, 1316, 1267, 1239, 1162, 1151, 1106, 971, 930, 851, 814, 769, 683, 632, 580, 

557. 

(4-Ethoxyphenyl)(phenyl)methanone (11m): To a solution of 4-hydroxybenzophenone 

(1 eq, 5.0 mmol, 1 g) in DMF (50 mL) K2CO3 (2.5 eq, 12.6 mmol, 1.74 g) was added 

followed by the addition of iodoethane (2 eq, 10.0 mmol, 1.55 g, 0.80 mL) and stirred 

overnight. The reaction was quenched with water (25 mL) and extracted with ethyl 

acetate (2x50 mL). The organic phase was then washed with brine (30 mL), dried over 

sodium sulfate, filtered and concentrated under reduced pressure. Yield: 100% (1.13 g) 

pale yellow oil [5]. 1H NMR (400 MHz, CDCl3) d 1.46 (t, J=7.05 Hz, 3 H, CH3), 4.12 (q, 

J=6.91 Hz, 2 H, CH2), 6.93 - 6.98 (m, 2H, Ar-H), 7.45 - 7.51 (m, 2 H, Ar-H), 7.54 - 7.60 

(m, 1 H, Ar-H), 7.75 - 7.78 (m, 2 H, Ar-H), 7.81 - 7.85 (m, 2 H, Ar-H). 13C NMR (101 

MHz, CDCl3) d 14.67 (CH3), 63.74 (CH2), 113.95 (2xCH), 128.13 (2xCH), 129.67 

(2xCH), 129.91 (C), 131.79 (2xCH), 132.53 (CH), 138.31 (C), 162.63 (C-O), 195.51 

(C=O). HRMS (EI): Found 249.0894 (M+Na)+; C15H14NaO2 requires 249.0886. IR: νmax 

(ATR) cm-1: 2981, 2884, 1750, 1650, 1598, 1576, 1506, 1304, 1280, 1248, 1171, 1147, 

1041, 918, 791, 740, 697, 621, 606, 566. 

General method A: Reduction of benzophenones  

To a solution of the benzophenone in methanol (25 mL), NaBH4 (2 eq) was added in 

small portions. The solution was stirred at 0 °C until the reaction was complete from 

TLC. Dilute HCl (10%) was added and the solvent was removed with the rotary 

evaporator. The product was then re-dissolved in ethyl acetate and washed with water and 

brine, dried over sodium sulphate, filtered and concentrated. No further purification is 

required. 
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Diphenylmethanol (12a): As per general general method A, benzophenone (11a) (1 eq, 

12.34 mmol, 2.25 g)  was dissolved in methanol and cooled to 0°C. Sodium borohydride 

(2 eq, 24.69 mmol, 0.93 g) was added in small portions and the mixture was stirred until 

the reaction was complete from TLC. HCl (10%) was added and the solvent was 

evaporated under reduced pressure. The product was re-dissolved in ethyl acetate (30 

mL) and washed with water (20 mL) and brine (10 mL), dried over sodium sulphate, 

filtered and concentrated under reduced pressure to afford the desired product with no 

need of further purification. Yield: 55% (1.2 g) white solid, Mp. 67-69 °C [6]. 1H NMR 

(400 MHz, CDCl3) d 5.84 (s, 1 H CH-OH), 7.26 (d, J=7.32 Hz, 2 H Ar-H), 7.30 - 7.35 

(m, 4 H Ar-H), 7.35 - 7.39 (m, 4 H Ar-H). 13C NMR (101 MHz, CDCl3) d 76.28 (CH-

OH), 126.53 (2xCH), 127.57 (4xCH), 128.50 (4xCH), 143.78 (2xC). LRMS (EI): found 

185.17 (M+H)+ C13H13O requires 185.10. IR: νmax (ATR) cm-1: 3359, 2973, 2898, 2936, 

1611, 1590, 1508, 1459, 1423, 1325, 1234, 1124, 1054, 1036, 999, 971, 827, 816, 716, 

658, 623. 

(4-Nitrophenyl)(phenyl)methanol (12b): As per general method A, 4-

nitrobenzophenone (11b) (1 eq, 6.6 mmol, 1.5 g) and sodium borohydride (2 eq, 13.20 

mmol, 0.5 g) were reacted. Yield 97% (1.47 g), yellow solid Mp. 65-68 °C [7]. 1H NMR 

(400 MHz, CDCl3) d 5.91 (s, 1 H, CH-OH), 7.27 - 7.38 (m, 5 H, Ar-H), 7.57 (d, J=8.54 

Hz, 2 H, Ar-H), 8.18 (d, J=9.16 Hz, 2 H, Ar-H). 13C NMR (101 MHz, CDCl3) d 75.49 

(CH-OH), 123.64 (2xCH), 126.68 (2xCH), 127.03 (x2CH), 128.37 (CH), 128.92 (2xCH), 

142.67 (C), 147.13 (C-NO2), 150.73 (C). HRMS (EI): found 264.0446 (M+Cl)+ 

C13H1135ClNO3 requires 264.0427. IR: νmax (ATR) cm-1: 3445, 3106, 3078, 2990, 1595, 

1504, 1339, 1188, 1181, 1047, 1024, 1012, 830, 811, 759, 754, 693, 616, 552. 

(4-Bromophenyl)(phenyl)methanol (12c): As per general method A, 4-

bromobenzophenone (11c) (1 eq, 9.5 mmol, 2.5 g) and sodium borohydride (2 eq, 19.5 

mmol, 0.72 g) were reacted. Yield: 90% (2.27 g) brown solid Mp. 76-80 °C [8]. 1H NMR 

(400 MHz, CDCl3) d 5.74 (s, 1 H, CH-OH), 7.22 (d, J=7.93 Hz, 2 H, Ar-H), 7.25 - 7.36 

(m, 5 H, Ar-H), 7.44 (d, J=8.54 Hz, 2 H, Ar-H). 13C NMR (101 MHz, CDCl3) d 75.60 

(CH-OH), 121.38 (C-Br), 126.52 (CH), 127.84 (2xCH), 128.21 (2xCH), 128.63 (2xCH), 

131.51 (2xCH), 142.72 (C), 143.34 (C). HRMS (EI): found 244.9969 (M-OH)+ 
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C13H1079Br requires 244.9966. IR: νmax (ATR) cm-1: 3295, 3085, 3029, 1702, 1559, 1482, 

1452, 1243, 1191, 1154, 1068, 1034, 1007, 919, 902, 838, 846, 825, 711, 698, 618. 

(4-Fluorophenyl)(phenyl)methanol (12d): As per general method A, 4-

fluorobenzophenone (11d) (1 eq, 7.49 mmol, 1.5 g) and sodium borohydride (2 eq, 15 

mmol, 0.56 g) were reacted. Yield: 93% (1.41 g) white solid Mp: 46-48°C [9]. 1H NMR 

(400 MHz, CDCl3) d 5.81 (br. s., 1 H, CH-OH), 6.98 - 7.02 (m, 2 H, Ar-H), 7.26 - 7.35 

(m, 7 H, Ar-H). 13C NMR (101 MHz, CDCl3) d 75.63 (CH-OH), 115.19 (CH), 115.40 

(CH), 126.46 (CH), 127.75 (2xCH), 128.18 (CH), 128.26 (CH), 128.59 (2xCH), 139.57 

(C), 143.64 (C), 160.94 (C-F). HRMS (EI): found 201.0720 (M-H)+ C13H10FO requires 

201.0716. IR: νmax (ATR) cm-1: 3307, 3064, 3031 1602, 1506, 1218, 1184, 1156, 1034, 

1020, 1012, 919, 872, 849, 811, 792, 744, 697, 562. 

(4-Methoxyphenyl)(phenyl)methanol (12e): As per general method A, 4-

methoxybenzophenone (11e) (1 eq, 4.7 mmol, 1 g) and sodium borohydride (2 eq, 9.4 

mmol, 0.35 g) were reacted. Yield: 85% (1.28 g) white solid Mp: 48-49 °C [10]. 1H NMR 

(400 MHz, CDCl3) d 3.77 (s, 3 H, CH3), 5.80 (d, J=3.05 Hz, 1 H, CH-OH), 6.85 (d, 

J=8.54 Hz, 2 H, Ar-H), 7.27 (d, J=8.54 Hz, 3 H, Ar-H), 7.29 - 7.34 (m, 2 H, Ar-H), 7.34 - 

7.38 (m, 2 H, Ar-H). 13C NMR (101 MHz, CDCl3) d 55.27 (CH3), 75.81 (CH-OH), 

113.86 (2xCH), 126.37 (2xCH), 127.42 (CH), 127.89 (C), 128.42 (2xCH), 136.15 

(2xCH), 143.98 (C), 159.05 (C-O). LRMS (EI): found 213.12 (M-H)+; C14H13O2 requires 

213.09. IR: νmax (ATR) cm-1: 3399, 3067, 2909, 2836, 1609, 1586, 1510, 1494, 1444, 

1344, 1304, 1248, 1172, 1031, 1017, 1008, 861, 840, 808, 724, 695, 653, 576. 

Bis(4-chlorophenyl)methanol (12f): As per general method A, 4,4’-

dichlorobenzophenone (11f) (1 eq, 3.98 mmol, 1 g) and sodium borohydride (2 eq, 7.96 

mmol, 0.30 g) were reacted. Yield: 99% (1 g) white solid Mp: 97-100 °C [11]. 1H NMR 

(400 MHz, CDCl3) d 5.78 (d, J=3.66 Hz, 1 H, CH-OH), 7.25 - 7.31 (m, 8 H, Ar-H). 13C 

NMR (101 MHz, CDCl3) d 74.96 (CH-OH), 127.84 (8xCH), 128.75 (2xC), 133.60 (2xC-

Cl). HRMS (EI): found 251.0033 (M-H)+; C13H935Cl2O requires 251.0031. IR: νmax 

(ATR) cm-1: 3222, 3009, 1638, 1486, 1408, 1088, 1037, 1011, 943, 827, 811, 793, 651, 

553. 

Phenyl(p-tolyl)methanol (12g): As per general method A, 4-methylbenzophenone (11g) 

(1 eq, 7.6 mmol, 1.5 g) and sodium borohydride (2 eq, 15.3 mmol, 0.58 g) were reacted. 
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Yield: 95% (1.42 g) white solid Mp: 62-65°C [11]. 1H NMR (400 MHz, CDCl3) d 2.31 

(s, 3 H, CH3), 5.80 (br. s., 1 H, CH-OH), 7.13 (d, J=7.32 Hz, 2 H, Ar-H), 7.24 - 7.26 (m, 

3 H, Ar-H), 7.29 - 7.33 (m, 2 H, Ar-H), 7.35 - 7.38 (m, 2 H, Ar-H). 13C NMR (101 MHz, 

CDCl3) d 21.10 (CH3), 76.10 (CH-OH), 126.43 (2xCH), 126.50 (2xCH), 127.44 (CH), 

128.44 (CH), 129.17 (2xCH), 137.28 (C), 140.95 (C), 143.94 (C). LRMS (EI): Found 

197.22 (M-H)+; C14H13O requires 197.10. IR: νmax (ATR) cm-1: 3347, 2890, 2859, 1509, 

1494, 1455, 1171, 1024, 1019, 860, 795, 775, 696. 

4-(Hydroxyl(phenyl)methyl)phenyl acetate (12h): As per general method A, 4-

benzoylphenyl acetate (11h) (1 eq, 5 mmol, 1.2 g) and sodium borohydride (2 eq, 10 

mmol, 0.37 g) were reacted. Yield: 91% (0.527 g) colourless oil [12]. 1H NMR (400 

MHz, CDCl3) d 2.27 (s, 3 H, CH3), 5.83 (s, 1 H, CH-OH), 7.04 (d, J=7.93 Hz, 2 H, Ar-

H), 7.26 (d, J=6.71 Hz, 1 H, Ar-H), 7.30 - 7.39 (m, 6 H, Ar-H). 13C NMR (101 MHz, 

CDCl3) d 21.11 (CH3), 75.72 (CH-OH), 121.52 (2xCH), 126.53 (2xCH), 127.65 (2xCH), 

127.69 (CH), 128.54 (2xCH), 132.83 (C), 141.33 (C), 143.45 (C-O), 169.53 (C=O). 

HRMS (EI): found 265.0831 (M+Na)+; C15H14NaO3 requires 265.0841. IR: νmax (ATR) 

cm-1: 3451, 1748, 1602, 1503, 1368, 1318, 1279, 1191, 1164, 1013, 912, 851, 742, 697, 

606. 

 ((4-Benzyloxy)phenyl)(phenyl)methanol (12k): As per general method A, (4-

(benzyloxy)phenyl)(phenyl)methanone (11k) (1 eq, 6.5 mmol, 1.89 g) and sodium 

borohydride (2 eq, 13.10 mmol, 0.49 g) of were reacted. Yield: 91% (1.73 g) white solid 

Mp: 61-64°C [13]. 1H NMR (400 MHz, DMSO-d6) d 5.02 (s, 2 H, CH2), 5.72 (d, J=3.66 

Hz, 1 H, CH-OH), 6.89 (d, J=8.54 Hz, 2 H, Ar-H), 7.20 - 7.27 (m, 5 H, Ar-H), 7.28 - 

7.35 (m, 5 H, Ar-H), 7.35 - 7.38 (m, 2 H, Ar-H). 13C NMR (101 MHz, CDCl3) d 70.00 

(CH2), 75.78 (CH-OH), 114.78 (2xCH), 126.37 (CH), 127.41 (2xCH), 127.90 (CH), 

128.16 (C), 128.41 (2xCH), 128.55 (2xCH), 129.71 (2xCH), 136.40 (C), 136.92 (2xCH), 

143.95 (C), 158.24 (C-O). LRMS (APCI): found 313.27 (M+Na)+; C20H18NaO2 requires 

313.12. IR: νmax (ATR) cm-1: 3099, 3038, 2863, 1639, 1599, 1575, 1505, 1288, 1242, 

1172, 1149, 938, 860, 795, 741, 691. 

Bis(4-((tert-butyldimethylsilyl)oxy)phenyl)methanol (12l): As per general method A, 

bis(4-((tert-butyldimethylsilyl)oxy)phenyl)methanone (11l) (1 eq, 3.61 mmol, 1.60 g) and 

sodium borohydride (2 eq, 7.22 mmol, 0.27 g) were reacted. to afford the desired 
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compound after purification via flash chromatography (eluent: n-hexane/ethyl acetate 

8:2) . Yield: 38% (0.61 g) colourless oil [14]. 1H NMR (400 MHz, CDCl3) d 0.21 (d, 

J=2.01 Hz, 12 H, CH3), 0.99 - 1.01 (m, 18 H, CH3), 5.77 (br. s., 1 H, CH-OH), 6.82 (dd, 

J=8.53, 2.01 Hz, 4 H, Ar-H), 7.21 - 7.25 (m, 4 H, Ar-H). 13C NMR (101 MHz, CDCl3) d 

-4.42 (4x(Si)CH3), 18.16 (2xC), 25.66 (6xCH3), 84.66 (CH-OH), 119.80 (4xCH), 127.75 

(2xC), 128.14 (4xCH), 154.89 (2xC-O). LRMS (EI): found 443.41 (M-H)+; C25H39O3Si2 

requires 443.24. IR: νmax (ATR) cm-1: 3060, 2995, 2886, 1606, 1506, 1250, 1164, 1091, 

1012, 908, 836, 798, 778, 663, 555. 

(4-Ethoxyphenyl)(phenyl)methanol (12m): As per general method A, (4-

ethoxyphenyl)(phenyl)methanone (11m) (1 eq, 5.0 mmol, 1.13 g) and sodium 

borohydride (2 eq, 10.0 mmol, 0.38 g) were reacted. Purification via flash 

chromatography (eluent: n-hexane/ethyl acetate 8:2) afforded a colourless oil, Yield: 80% 

(0.91 g) [15]. 1H NMR (400 MHz, CDCl3) d 1.39 (t, J=7.05 Hz, 3 H, CH3), 4.00 (q, 

J=7.05 Hz, 2 H, CH2), 5.78 (s, 1 H, CH-OH), 6.81 - 6.87 (m, 2 H, Ar-H), 7.23 - 7.27 (m, 

3 H, Ar-H), 7.29 - 7.39 (m, 4 H, Ar-H). 13C NMR (101 MHz, CDCl3) d 14.80 (CH3), 

63.40 (CH2), 75.77 (CH-OH), 114.37 (2xCH), 126.36 (CH), 127.35 (C), 127.86 (2xCH), 

128.37 (2xCH), 135.96 (2xCH), 143.98 (C), 158.36 (C-O). HRMS (EI): found 211.1127 

(M-OH)+; C15H15O requires 211.1117. IR: νmax (ATR) cm-1: 3483, 2979, 2875, 1611, 

1507, 1445, 1421, 1241, 1149, 1170, 1044, 920, 899, 788, 697, 621, 592, 560. 

General method B: Reaction of triazole with secondary alcohols 

To a solution of the specific secondary alcohol (1 eq,) in toluene (60 mL) 1,2,4-triazole 

was added (3 eq,) and p-TSA (200 mg) in a round bottom flask connected to a Dean-

Stark trap. The source of heating used for the reaction is an open vessel microwave 

reactor (90-250 W). The mixture was refluxed for 4 h, the toluene was evaporated and the 

crude product was re-dissolved in ethyl acetate (30 mL) and washed with water (20 mL) 

and brine (10 mL). The product was dried over sodium sulphate, filtered and 

concentrated under reduced pressure. The crude product was purified via flash 

chromatography (n-hexane/ethyl acetate 1:1) over silica gel to afford the desired product. 

1-Benzhydryl-1H-1,2,4-triazole (13a): As per general method B, diphenylmethanol (17) 

(1 eq, 2.7 mmol, 0.5 g) was reacted with 1,2,4-triazole (3 eq, 8.1 mmol, 0.56 g) and p-

TSA (200 mg) in toluene (60 mL). The crude product was purified via flash 
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chromatography (eluent: n-hexane/ethyl acetate from 2:1 to 1:1). Yield: 71% (0.45 g) 

white solid Mp 106-109 °C [16]. 1H NMR (400 MHz, CDCl3) d 6.76 (s, 1 H, CH-N-R), 

7.10 - 7.14 (m, 4 H, Ar-H), 7.32 - 7.40 (m, 6 H, Ar-H), 7.97 (br. s., 1 H, CH-N), 8.05 (s, 1 

H, CH-N). 13C NMR (101 MHz, CDCl3) d 67.86 (CH-N-R), 128.12 (4xCH), 128.60 

(2xCH), 128.94 (4xCH), 137.92 (2xC), 143.54 (CH-N), 152.30 (CH-N). HRMS (EI): 

found 258.1003 (M+Na)+; C15H13N3Na requires 258.1007. IR: νmax (ATR) cm-1: 3120, 

3027, 2940, 1492, 1458, 1450, 1342, 1192, 1135, 1091, 961, 922, 844, 680, 663. 

1-((4-Bromophenyl)(phenyl)methyl)-1H-1,2,4-triazole (13b): As per general method 

B, compound 12c (1 eq, 1.91mmol, 0.5 g) was reacted with 1,2,4-triazole and p-TSA in 

toluene. The product was purified via flash chromatography (eluent: n-hexane/ethyl 

acetate 1:1) and obtained as an orange solid, 3% (0.024 g), Mp. 94-97 °C, (HPLC 94%). 

IR: νmax (ATR) cm-1: 3124, 3036, 2927, 1499, 1490, 1454, 1204, 1207, 1338, 1016. 1H 

NMR (400 MHz, CDCl3) δ 6.69 (s, 1 H, CH-N-R), 6.98 (d, J=7.32 Hz, 2 H, Ar-H), 7.12 

(br. s., 2 H, Ar-H), 7.36 (br. s., 3 H, Ar-H), 7.49 (d, J=7.32 Hz, 2 H, Ar-H), 7.94 (br. s., 1 

H, CH-N), 8.02 (br. s., 1 H, CH-N). 13C NMR (101 MHz, CDCl3) δ 67.20 (CH-N-R), 

122.75 (C-Br), 128.16 (2xCH), 128.89 (CH), 129.09 (2xCH), 129.67 (2xCH), 132.08 

(2xCH), 137.07 (C), 137.27 (C), 152.46 (CH-N). HRMS (EI): found 314.0292 (M+H)+; 

C15H1379BrN3 requires 314.0293.  

1-((4-Methoxyphenyl)(phenyl)methyl)-1H-1,2,4-triazole (13d): As per general method 

B, compound 12e (1 eq, 2.33 mmol, 0.5 g) was reacted with 1,2,4-triazole and p-TSA in 

toluene. The product was purified via flash chromatography (eluent: n-hexane/ethyl 

acetate 1:1), white solid, 82% (0.415 g), Mp. 85-89 °C, (HPLC 98%). IR: νmax (ATR) cm-

1: 3154, 3123, 3052, 1608, 1511, 1497, 1276, 1229, 1139, 1016. 1H NMR (400 MHz, 

CDCl3) δ 3.82 (s, 3 H, CH3), 6.73 (s, 1 H, CH-N-R), 6.88 - 6.93 (m, 2 H, Ar-H), 7.08 - 

7.13 (m, 4 H, Ar-H), 7.34 - 7.41 (m, 3 H, Ar-H), 7.92 (s, 1 H, CH-N), 8.03 (s, 1 H, CH-

N). 13C NMR (101 MHz, CDCl3) δ 55.32 (CH3), 67.37 (CH-N-R), 114.31 (2xCH), 127.75 

(2xCH), 128.41 (CH), 128.87 (4xCH), 129.63 (C), 138.39 (C), 143.45 (CH-N), 152.26 

(CH-N), 158.54 (C-O). LRMS (EI): found 265.97 (M+H)+; C16H16N3O requires 265.12. 
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1-(Phenyl(p-tolyl)methyl)-1H-1,2,4-triazole (13f): As per general method B, compound 

12g (1 eq, 3.28 mmol, 0.65 g) was reacted with 1,2,4-triazole and p-TSA in toluene. 

The product was purified via flash chromatography (eluent: n-hexane/ethyl acetate 1:1), 

white solid, 30% (0.25 g), Mp. 96-98 °C [33], (HPLC 96%). IR: νmax (ATR) cm-1: 3106, 

3030, 1513, 1498, 1456, 1430, 1273, 1215, 1134, 1013, 953, 891, 773, 697. 1H NMR 

(400 MHz, CDCl3) δ 2.34 (s, 3 H, CH3), 6.71 (s, 1 H, CH-N-R), 7.02 (d, J=7.93 Hz, 2 H, 

Ar-H), 7.10 (dd, J=7.32, 1.83 Hz, 2 H, Ar-H), 7.16 (d, J=7.93 Hz, 2 H, Ar-H), 7.32 - 7.38 

(m, 3 H, Ar-H), 7.89 (s, 1 H, CH-N), 8.00 (s, 1 H, CH-N). 13C NMR (101 MHz, CDCl3) δ 

21.12 (CH3), 67.68 (CH-N-R), 127.94 (2xCH) 128.16 (CH), 128.47 (2xCH), 128.88 

(2xCH), 129.63 (2xCH), 134.89 (C-CH3), 138.20 (C), 138.57 (C), 143.49 (CH-N), 

152.24 (CH-N). HRMS (EI): found 250.1352 (M+H)+; C16H16N3 requires 250.1344.  

4-(Phenyl(1H-1,2,4-triazol-1-yl)methyl)phenyl acetate (13g): As per general method 

B, compound 12h (1 eq, 1.94 mmol, 0.47 g) was reacted with 1,2,4-triazole and p-TSA in 

toluene. The crude product was purified via flash chromatography (eluent: n-hexane/ethyl 

acetate 1:1) to afford a white solid, 30%, 0.17 g, Mp. 158-161 °C. IR: νmax (ATR) cm-1: 

3105, 2948, 1749, 1639, 1601, 1506, 1373, 1279, 1211, 1168, 1025. 1H NMR (400 MHz, 

CDCl3) δ 2.30 (s, 3 H, CH3), 6.76 (s, 1 H, CH-N-R), 7.11 - 7.16 (m, 5 H, Ar-H), 7.35 - 

7.39 (m, 4 H, Ar-H), 7.95 (s, 1 H, CH-N), 8.03 (s, 1 H, CH-N). 13C NMR (101 MHz, 

CDCl3) δ 21.12 (CH3), 67.31 (CH-N-R), 122.10 (2xCH), 127.72 (CH), 128.10 (2xCH), 

129.02 (2xCH), 129.25 (2xCH), 135.39 (C), 137.60 (C), 144.36 (CH-N), 150.71 (C-O), 

152.26 (CH-N), 169.19 (C=O). HRMS (EI): found 294.1236 (M+H)+; C17H16N3O2 

requires 294.1243.  

N-(4-(Phenyl(1H-1,2,4-triazol-1-yl)methyl)phenyl)acetamide (13h): As per general 

method B, compound 12i (1 eq, 2.15 mmol, 0.52 g) was reacted with 1,2,4-triazole and p-

TSA in toluene. The crude product was purified via flash chromatography (eluent: 

DCM/methanol 9:1) to afford a white solid, 23%, 0.15 g, Mp. 217-219 °C, (HPLC 93%). 

IR: νmax (ATR) cm-1: 3257, 3191, 3125, 3053, 1669, 1607, 1551, 1512, 1498, 1412, 1325, 

1276, 1208, 1169, 1138, 1083, 1017. 1H NMR (400 MHz, DMSO-d6) δ 1.99 (s, 3 H, 

CH3), 6.97 (s, 1 H, CH-N-R), 7.12 - 7.17 (m, 4 H, Ar-H), 7.28 - 7.37 (m, 3 H, Ar-H), 7.52 

(d, J=8.54 Hz, 2 H, Ar-H), 8.01 (s, 1 H, CH-N), 8.52 (s, 1 H, CH-N), 9.96 (s, 1 H, NH). 
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13C NMR (101 MHz, DMSO- d6) δ 168.80 (C=O), 152.28 (CH-N), 144.72 (CH-N), 

139.71 (C), 139.49 (C), 133.70 (C-NH), 129.00 (2xCH), 128.33 (CH), 128.24 (2xCH), 

119.41 (4xCH), 65.70 (CH-N-R), 24.40 (CH3). HRMS (EI): found 291.1241 (M-H)+; 

C17H15N4O requires 291.1246.  

1-(Bis(4-((tert-butyldimethylsilyl)oxy)phenyl)methyl)-1H-1,2,4-triazole (13k): As per 

general method B, compound 12l (1 eq, 1.37 mmol, 0.61 g) was reacted with 1,2,4-

triazole and p-TSA in toluene. The crude product was purified via flash chromatography 

(eluent: n-hexane/ethyl acetate 1:1) to afford a colourless oil, 78%, 0.53 g. IR: νmax (ATR) 

cm-1: 2930, 2858, 1605, 1508, 1471, 1254, 1169, 1136. 1H NMR (400 MHz, CDCl3) δ 

0.18 (d, J=3.66 Hz, 12 H, Si-CH3), 0.96 (d, J=3.66 Hz, 18 H, CH3), 6.63 (br. s., 1 H, CH-

N-R), 6.80 (dd, J=8.54, 3.05 Hz, 4 H, Ar-H), 6.91 - 6.98 (m, 4 H, Ar-H), 7.81 - 7.86 (m, 

1 H, CH-N), 7.97 - 8.01 (m, 1 H, CH-N). 13C NMR (101 MHz, CDCl3) δ -4.42 (4xCH3), 

25.62 (6xCH3), 32.45 (2xC), 67.01 (CH-N-R), 120.32 (4xCH), 129.22 (4xCH), 130.87 

(2xC), 143.37 (CH-N), 152.17 (CH-N), 155.81 (2xC-O). LRMS (EI): found 518.25 

(M+Na)+; C27H41N3NaO2Si2 requires 518.26.  

1-((4-Propoxyphenyl)(3,4,5-trimethoxyphenyl)methyl)-1H-1,2,4-triazole (16a): 

As per general method B, compound 15a (1 eq, 1.5 mmol, 0.5 g) was reacted with 1,2,4-

triazole (3 eq, 4.5 mmol, 0.31 g) and p-TSA (0.61 eq, 200 mg) in toluene (60 mL). The 

crude product was purified via flash chromatography (eluent: n-hexane/ethyl acetate 1:1), 

white solid, 93%, 0.53 g, Mp. 98-99°C, (HPLC 99%). IR: νmax (ATR) cm-1: 3569, 3103, 

2971, 2939, 2882, 1612, 1591, 1508, 1461, 1418, 1305, 1251, 1176, 1221, 1002. 1H NMR 

(400 MHz, CDCl3) δ 1.01 (t, J=7.63 Hz, 3 H, CH3), 1.76 - 1.82 (m, 2 H, CH2), 3.73 (s, 6 

H, OCH3), 3.82 (s, 3 H, OCH3), 3.90 (t, J=6.41 Hz, 2 H, CH2), 6.27 (s, 2 H, Ar-H), 6.61 (s, 

1 H, CH-N-R), 6.88 (d, J=8.54 Hz, 2 H, Ar-H), 7.06 (d, J=8.54 Hz, 2 H, Ar-H), 7.90 (s, 1 

H, CH-N), 8.01 (s, 1 H, CH-N). 13C NMR (101 MHz, CDCl3) δ 10.49 (CH3), 22.50 (CH2), 

56.12 (OCH3), 60.84 (2xOCH3), 67.47 (CH-N-R), 69.59 (CH2), 104.95 (2xCH), 114.85 

(2xCH), 129.31 (C), 129.52 (2xCH), 133.90 (C), 137.93 (C-O), 143.48 (CH-N), 152.28 

(2xC-O), 153.53 (CH-N), 159.39 (C-Pr). HRMS (EI): found 406.1729 (M+Na)+; 

C21H25N3NaO4 requires 406.1743.  
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1-(Bis(4-chlorophenyl)methyl)-1H-1,2,4-triazole (13e): As per general method B, 

bis(4-chlorophenyl)methanol (12f) (1 eq, 1.97 mmol, 0.5 g) was reacted with 1,2,4-

triazole (3 eq, 5.92 mmol, 0.41 g) and p-TSA (200 mg) in toluene (60 mL). The crude 

product was purified via flash chromatography (eluent: n-hexane/ethyl acetate 5:3). 

Yield: 6% (0.035 g) dark brown solid Mp: 118-120 °C [17]. 1H NMR (400 MHz, CDCl3) 

d ppm 6.67 (s, 1 H, CH-N-R), 7.03 - 7.08 (m, 4 H, Ar-H), 7.33 - 7.36 (m, 4 H, Ar-H), 

7.94 (s, 1 H, CH-N), 8.01 (s, 1 H, CH-N). 13C NMR (101 MHz, CDCl3) d ppm 66.42 

(CH-N-R), 129.26 (4xCH), 129.39 (4xCH), 134.91 (2xC-Cl), 136.02 (2xC), 152.58 (CH-

N). HRMS (EI): found 302.0266 (M-H)+; C15H1035Cl2N3 requires 302.0252. IR: νmax 

(ATR) cm-1: 3112, 3056, 2920, 2850, 1491, 1405, 1348, 1315, 1278, 1204, 1136, 1091, 

1014, 957, 875, 857, 840, 802, 788, 678. 

4,4'-((1H-1,2,4-Triazol-1-yl)methylene)diphenol (13o): A solution of 1-(bis(4-((tert-

butyldimethylsilyl)oxy)phenyl)methyl)-1H-1,2,4-triazole (13k) (1 eq, 0.25 mmol, 0.517 

g) in dry THF was reacted with TBAF (2.5 eq, 0.625 mmol, 0.16 g, 0.18 mL) at 0° C. 

After completion the solution was diluted with ethyl acetate (50 mL) washed with HCl 

0.1 M (20 mL) and water (20 mL). The crude product was then purified via flash 

chromatography (eluent: n-hexane/ethyl acetate 1:1). Yield: 90% (0.125 g) pink solid 

Mp: 229-230 °C [18]; HPLC: 97% 1H NMR (400 MHz, DMSO-d6) d 6.69 (d, J=8.54 Hz, 

4 H, Ar-H), 6.75 (s, 1 H, CH-N-R), 6.96 (d, J=8.54 Hz, 4 H, Ar-H), 7.97 (s, 1 H, CH-N), 

8.41 (s, 1 H, CH-N), 9.50 (br. s., 2 H, OH). 13C NMR (101 MHz, DMSO-d6) d 65.12 

(CH-N-R), 115.16 (4xCH), 129.11 (4xCH), 129.69 (2xC), 143.93 (CH-N), 151.52 (CH-

N), 156.98 (2xC-OH). HRMS (EI): found 302.0699 (M+Cl)+; C15H1335ClN3O2 requires 

302.0697 IR: νmax (ATR) cm-1: 3132, 1604, 1508, 1473, 1443, 1228, 1207, 1135, 1110, 

1011, 977, 836, 786, 678. 

General method C: Reaction of aryl aldehyde with aryl bromide 

In a 2 necked round bottom flask with a solution of the aryl bromide in dry THF was 

cooled to -78° under nitrogen. n-BuLi was added dropwise and the mixture was allowed 

to stir for 1 h under nitrogen. After 1 h a solution of the aryl aldehyde in dry THF was 

added and the mixture was allowed to stir for another 1.5 h at -78 °C. The mixture was 

then left stirring at room temperature for 2 h. After 2 h the mixture was concentrated 

under reduced pressure to remove the THF. The residue was re-dissolved in DCM (30 
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mL) and washed with water (20 mL) and brine (10 mL), dried over sodium sulfate, 

filtered and concentrate. The crude product was then purified via flash chromatography 

(eluent: n-hexane/ethyl acetate). 

1-Bromo-4-propoxybenzene (14a): To a solution of 4-bromophenol (1eq, 11.56 mmol, 

2 g) in DMF, K2CO3 (2.5 eq, 28.9 mmol, 3.99 g) was added followed by the addition of 

iodopropane (2 eq, 23.12 mmol, 3.93 g, 2.2 mL) and stirred overnight. The reaction was 

quenched with water (25 mL) and extracted with ethyl acetate (2x50 mL). The organic 

phase was then washed with brine (30 mL), dried over sodium sulfate, filtered and 

concentrated under reduced pressure. Yield: 100% (2.4 g) clear liquid [19]. 1H NMR (400 

MHz, CDCl3) d 0.97 (t, J=7.63 Hz, 3 H, CH3), 1.70 - 1.77 (m, 2 H, CH2), 3.83 (t, J=6.41 

Hz, 2 H, CH2), 6.72 (d, J=7.93 Hz, 2 H, Ar-H), 7.28 - 7.32 (m, 2 H, Ar-H). 13C NMR 

(101 MHz, CDCl3) d 9.45 (CH3), 21.47 (CH2), 68.72 (CH2), 111.52 (C-Br), 115.27 

(2xCH), 131.15 (2xCH), 157.22 (C-O). IR: νmax (ATR) cm-1: 3501, 1663, 1545, 1488, 

1387, 1286, 1256, 1090, 1065, 934, 898, 824, 766, 711, 658, 637, 598. 

1-(Benzyloxy)-4-bromobenzene (14b): To a solution of 4-bromophenol (1 eq, 7.56 

mmol, 1.5 g), in ACN (50 mL), K2CO3 (1.3 eq, 9.8 mmol, 1.35 g) of was added while 

stirring followed by the dropwise addition of benzyl bromide (1eq, 7.56 mmol, 0.90 mL). 

The mixture was stirred for 6 h under nitrogen atmosphere at reflux. After 6 h the mixture 

was filtered and concentrated giving the desired final product. Yield: 90% (1.37 g) white 

solid Mp: 66-68 °C [20]. 1H NMR (400 MHz, CDCl3) d 5.02 (s, 2 H, CH2), 6.83 (d, 

J=8.54 Hz, 2 H, Ar-H), 7.29 - 7.36 (m, 3 H, Ar-H), 7.37 (d, J=7.32 Hz, 4 H, Ar-H). 13C 

NMR (101 MHz, CDCl3) d 70.21 (CH2), 113.11 (C-Br), 116.68 (2xCH), 127.41 (2xCH), 

128.10 (CH), 128.63 (2xCH), 132.27 (2xCH), 136.53 (C), 157.83 (C-O). IR: νmax (ATR) 

cm-1: 3089, 3062, 2888, 2823, 1587, 1486, 1452, 1378, 1246, 1170, 1041, 1026, 999, 

823, 812, 731, 657, 618. 

(4-Propoxyphenyl)(3,4,5-trimethoxyphenyl)methanol (15a): As per general method C, 

1-bromo-4-propoxybenzene (14a) (1 eq, 5.3 mmol, 1.13 g) was dissolved in dry THF (50 

mL). n-BuLi (2.5 mL) was added followed by the addition after 1 h of stirring of 3,4,5-

trimethoxybenzaldehyde (1 eq, 5.3 mmol, 1.03 g). The product was concentrated, re-

dissolved in DCM (50 mL) washed with water (30 mL) and brine (10 mL), dried over 

sodium sulphate, filtered and concentrated under reduced pressure. The crude product 
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was purified via flash chromatography (eluent: n-hexane/ethyl acetate 1:1). Yield: 53% 

(0.917 g) white solid Mp: 91-94 °C [15]. 1H NMR (400 MHz, CDCl3) d 1.01 (t, J=7.32 

Hz, 3 H, CH3), 1.74 - 1.82 (m, 2 H, CH2), 3.81 (s, 9 H, OCH3), 3.89 (t, J=6.71 Hz, 2 H, 

CH2), 5.72 (br. s., 1 H, CH-OH), 6.59 (s, 2 H, Ar-H), 6.85 (d, J=8.54 Hz, 2 H, Ar-H), 

7.27 (s, 2 H, Ar-H). 13C NMR (101 MHz, CDCl3) d 10.51 (CH3), 22.57 (CH2), 56.09 

(2xCH3), 60.81 (CH3), 69.53 (CH2), 75.90 (CH), 103.37 (2xCH), 114.47 (2xCH), 127.85 

(C), 134.66 (C), 135.68 (C), 139.65 (2xCH), 153.22 (2xC), 158.73 (C). HRMS (EI): 

found 355.1523 (M+Na)+; C19H24NaO5 requires 355.1521. IR: νmax (ATR) cm-1: 3358, 

2933, 2832, 1610, 1590, 1508, 1458, 1422, 1390, 1325, 1233, 1170, 1125, 1055, 971, 

829, 794, 757, 662, 624. 

 (4-Methoxyphenyl)(3,4,5-trimethoxyphenyl)methanol (15c): As per general method 

C, 1-bromo-4-methoxybenzene (14c) (1 eq, 7.2 mmol, 1.34 g) was dissolved in dry THF 

(50 mL). n-BuLi (3.328 mL) was added followed by the addition after 1 h of stirring of 

3,4,5-trimethoxybenzaldehyde (1 eq, 7.2 mmol, 1.41 g) . The product was concentrated, 

re-dissolved in DCM (50 mL) washed with water (30 mL) and brine (10 mL), dried over 

sodium sulphate, filtered and concentrated under reduced pressure. The crude product 

was purified via flash chromatography (eluent: n-hexane/ethyl acetate gradient 7:3 to1:1). 

Yield: 22% (0.5 g) pink solid Mp: 107-109 °C [21]. 1H NMR (400 MHz, CDCl3) d 3.79 

(s, 3 H, CH3), 3.81 (s, 9 H, CH3), 5.73 (d, J=2.44 Hz, 1 H, CH-OH), 6.59 (s, 2 H, Ar-H), 

6.86 (d, J=8.54 Hz, 2 H, Ar-H), 7.28 (d, J=8.54 Hz, 2 H, Ar-H). 13C NMR (101 MHz, 

CDCl3) d 55.26 (OCH3), 56.07 (2xOCH3), 60.80 (OCH3), 75.85 (CH-OH), 103.36 

(2xCH), 113.87 (2xCH), 127.86 (C), 135.89 (C), 137.13 (C-O), 139.63 (2xCH), 153.21 

(2xC-O), 159.11 (C-O). HRMS (EI): found 327.1221 (M+Na)+ C17H20NaO5 requires 

327.1209. IR: νmax (ATR) cm-1: 3358, 2936, 2837, 1611, 1590, 1508, 1459, 1423, 1325, 

1234, 1125, 1055, 1034, 1000, 971, 866, 828, 816, 716, 659, 640. 

 (3,4-Dimethoxyphenyl)(3,4,5-trimethoxyphenyl)methanol (15d): As per general 

method C, 4-bromo-1,2-dimethoxybenzene (14d) (1 eq, 7.2 mmol, 1.56 g) was dissolved 

in dry THF (50 mL). n-BuLi (3.328mL) was added followed by the addition after 1 h of 

stirring of 3,4,5-trimethoxybenzaldehyde (1 eq, 7.2 mmol, 1.41 g). The product was 

concentrated, re-dissolved in DCM (50 mL) washed with water (30 mL) and brine (10 

mL), dried over sodium sulphate, filtered and concentrated under reduced pressure. The 
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crude product was purified via flash chromatography (eluent: n-hexane/ethyl acetate 5:3). 

Yield: 30% (0.725 g) dark oil [22]. 1H NMR (400 MHz, CDCl3) d 3.82 - 3.83 (m, 9 H, 

CH3), 3.86 (s, 3 H, CH3), 3.86 (s, 3 H, CH3), 5.71 (d, J=2.90 Hz, 1 H, CH-OH), 6.60 (s, 2 

H, Ar-H), 6.83 (d, J=8.29 Hz, 1 H, Ar-H), 6.88 (dd, J=8.29, 1.66 Hz, 1 H, Ar-H), 6.93 (d, 

J=2.07 Hz, 1 H, Ar-H). 13C NMR (101 MHz, CDCl3) d 55.82 (2xOCH3), 56.02 

(2xOCH3), 60.74 (OCH3), 75.90 (CH-OH), 103.44 (2xCH), 109.74 (CH), 110.86 (CH), 

118.93 (CH), 136.25 (C), 137.10 (C), 139.50 (C-O), 148.45 (C-O), 148.94 (C-O), 153.11 

(2xC-O). HRMS (EI): found 357.1305 (M+Na)+; C18H22NaO6 requires 357.1314. IR: νmax 

(ATR) cm-1: 3503, 2936, 2835, 1587, 1504, 1452, 1413, 1328, 1259, 1229, 1120, 1024, 

1003, 916, 858, 811, 731, 680, 616, 590. 

Phenyl(3,4,5-trimethoxyphenyl)methanol (15e): As per general method C, 

bromobenzene (14e) (1 eq, 7.2 mmol, 1.13 g 0.75 mL) was dissolved in dry THF (50 

mL). n-BuLi (3.328 mL) was added followed by the addition after 1 h of stirring of 3,4,5-

trimethoxybenzaldehyde (1 eq, 7.2 mmol, 1.41 g). The product was concentrated, re-

dissolved in DCM (50 mL) washed with water (30 mL) and brine (10 mL), dried over 

sodium sulphate, filtered and concentrated under reduced pressure. The crude product 

was purified via flash chromatography (eluent: n-hexane/ethyl acetate 2:1). Yield: 45% 

(0.878 g) white crystals Mp: 117-120 °C [23]. 1H NMR (400 MHz, CDCl3) d 3.81 (s, 9 

H, OCH3), 5.76 (d, J=3.05 Hz, 1 H, CH-OH), 6.59 (s, 2 H, Ar-H), 7.24 - 7.29 (m, 1 H, 

Ar-H), 7.31 - 7.39 (m, 4 H, Ar-H). 13C NMR (101 MHz, CDCl3) d 56.09 (2xOCH3), 

60.81 (OCH3), 76.32 (CH-OH), 103.51 (2xCH), 126.49 (2xCH), 127.70 (2xCH), 128.52 

(CH), 134.92 (C), 137.27 (C-O), 143.55 (C), 153.26 (2xC-O). HRMS (EI): found 

275.1282 (M+H)+; C16H19O4 requires 275.1283. IR: νmax (ATR) cm-1: 3062, 3034, 3050, 

2914, 2823, 1588, 1576, 1451, 1289, 1279, 1246, 1170, 1041, 905, 823, 813, 731, 657. 

p-Tolyl(3,4,5-trimethoxyphenyl)methanol (15f): As per general method C, 1-bromo-4-

methylbenzene (14f) (1 eq, 7.2 mmol, 1.23 g 0.88 mL) was dissolved in dry THF (50 

mL). n-BuLi (3.328 mL) was added followed by the addition after 1 h of stirring of 3,4,5-

trimethoxybenzaldehyde (1 eq, 7.2 mmol, 1.41 g). The product was concentrated, re-

dissolved in DCM (50 mL) washed with water (30 mL) and brine (10 mL), dried over 

sodium sulphate, filtered and concentrated under reduced pressure. The crude product 

was purified via flash chromatography (eluent: n-hexane/ethyl acetate 1:1). Yield: 41% 
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(0.843 g) white solid Mp: 94-98 °C [24]. 1H NMR (400 MHz, CDCl3) d 2.32 (s, 3 H, 

CH3), 3.80 (s, 3 H, OCH3), 3.81 (s, 6 H, OCH3), 5.73 (d, J=3.66 Hz, 1 H, CH-OH), 6.59 

(s, 2 H, Ar-H), 7.14 (d, J=7.93 Hz, 2 H, Ar-H), 7.26 (s, 2 H, Ar-H). 13C NMR (101 MHz, 

CDCl3) d 21.12 (CH3), 56.08 (2xOCH3), 60.80 (OCH3), 76.16 (CH-OH), 103.39 (2xCH), 

126.45 (2xCH), 129.20 (2xCH), 133.35 (C), 134.92 (C), 139.57 (C-O), 140.72 (C), 

153.23 (2xC-O). HRMS (EI): found 311.1263 (M+Na)+; C17H20NaO4 requires 311.1263. 

IR: νmax (ATR) cm-1: 3351, 2991, 2929, 1725, 1509, 1459, 1421, 1325, 1236, 1126, 1058, 

1003, 969, 918, 825, 762, 709, 660, 620. 

1-((4-Methoxyphenyl)(3,4,5-trimethoxyphenyl)methyl)-1H-1,2,4-triazole (16c): As 

per general method B, compound 15c (1 eq, 1.61 mmol, 0.49 g) was reacted with 1,2,4-

triazole (3 eq, 4.83 mmol, 0.33 g) and p-TSA (0.61 eq, 200 mg) in toluene (60 mL). The 

product was obtained as a yellow solid, 78%, 0.445 g, Mp. 119-122°C, (HPLC 100%). 

IR: νmax (ATR) cm-1: 3570, 2937, 2833, 2279, 1594, 1508, 1462, 1418, 1338, 1303, 1276, 

1238, 1124, 1034. 1H NMR (400 MHz, CDCl3) δ 3.73 (s, 6 H, OCH3), 3.80 (s, 3 H, 

OCH3), 3.83 (s, 3 H, OCH3), 6.28 (s, 2 H, Ar-H), 6.62 (s, 1 H, CH-N-R), 6.87 - 6.91 (m, 

2 H, Ar-H), 7.08 (d, J=8.55 Hz, 2 H, Ar-H), 7.91 (s, 1 H, CH-N), 8.01 (s, 1 H, CH-N). 
13C NMR (101 MHz, CDCl3) δ 55.33 (OCH3), 56.12 (2xOCH3), 60.84 (OCH3), 67.43 

(CH-N-R), 104.97 (2xCH), 114.32 (2xCH), 129.54 (C), 129.59 (2xCH), 133.83 (C), 

137.95 (C-O), 143.49 (CH-N), 152.29 (CH-N), 153.55 (2xC-O), 159.79 (C-O). HRMS 

(EI): found 378.1418 (M+Na)+; C19H21N3NaO4 requires 378.1430.  

1-((3,4-Dimethoxyphenyl)(3,4,5-trimethoxyphenyl)methyl)-1H-1,2,4-triazole (16d): 

As per general method B, compound 15d (1 eq, 2.17 mmol, 0.725 g) was reacted with 

1,2,4-triazole (3 eq, 6.5 mmol, 0.45 g) and p-TSA (0.61 eq, 200 mg) in toluene (60 mL). 

The crude product was purified via flash chromatography (eluent: n-hexane/ethyl acetate 

1:2), off white solid, 52%, 0.438 g, Mp. 114-120°C. IR: νmax (ATR) cm-1: 3131, 3070, 

2937, 1592, 1518, 1508, 1495, 1421, 1414, 1272, 1257, 1234, 1124, 1039, 1020. 1H 

NMR (400 MHz, CDCl3) δ 3.76 (s, 6 H, OCH3), 3.81 (s, 3 H, OCH3), 3.85 (s, 3 H, 

OCH3), 3.89 (s, 3 H, OCH3), 6.32 (s, 2 H, Ar-H), 6.64 (s, 1 H, CH-N-R), 6.66 - 6.73 (m, 

2 H, Ar-H), 6.87 (d, J=8.29 Hz, 1 H, Ar-H), 7.96 (s, 1 H, CH-N), 8.05 (s, 1 H, CH-N). 
13C NMR (101 MHz, CDCl3) δ 55.91 (OCH3), 55.94 (OCH3), 56.13 (2xCH3), 60.84 
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(OCH3), 67.64 (CH-N-R), 105.06 (2xCH), 111.14 (CH), 111.28 (CH), 120.71 (CH), 

129.90 (C), 133.58 (C), 138.01 (C-O), 143.51 (CH-N), 149.29 (C-O), 149.31 (C-O), 

152.26 (CH-N), 153.53 (2xC-O). HRMS (EI): found 408.1538 (M+Na)+; C20H23N3NaO5 

requires 408.1535.  

1-(p-Tolyl(3,4,5-trimethoxyphenyl)methyl)-1H-1,2,4-triazole (16f): As per general 

method B, compound 15f (1 eq, 2.4 mmol, 0.692 g) was reacted with 1,2,4-triazole (3 eq, 

7.2 mmol, 0.49 g) and p-TSA (0.61 eq, 200 mg) in toluene (60 mL). The crude product 

was purified via flash chromatography (eluent: n-hexane/ethyl acetate 1:1), white 

crystals, 67%, 0.524 g, Mp. 112-113 °C, (HPLC 100%). IR: νmax (ATR) cm-1: 3698, 3660, 

2937, 2840, 1594, 1499, 1457, 1423, 1333, 1238, 1182, 1124, 873, 793, 753, 678. 1H 

NMR (400 MHz, CDCl3) δ 2.15 (s, 3 H, CH3), 3.73 (s, 6 H, OCH3), 3.82 (s, 3 H, OCH3), 

6.30 (s, 2 H, Ar-H), 6.63 (s, 1 H, CH-N-R), 7.03 (d, J=7.93 Hz, 2 H, Ar-H), 7.17 (d, 

J=7.93 Hz, 2 H, Ar-H), 7.92 (s, 1 H, CH-N), 8.01 (s, 1 H, CH-N). 13C NMR (101 MHz, 

CDCl3) δ 21.12 (CH3), 56.10 (2xOCH3), 60.82 (OCH3), 67.72 (CH-N-R), 105.13 (2xCH), 

128.06 (2xCH), 129.63 (2xCH), 133.61 (C), 134.63 (C), 137.99 (C-CH3), 138.67 (C-O), 

143.50 (CH-N), 152.26 (CH-N), 153.53 (2xC). HRMS (EI): found 340.1655 (M+H)+; 

C19H22N3O3 requires 340.1661.  

1-((4-Fluorophenyl)(3,4,5-trimethoxyphenyl)methyl)-1H-1,2,4-triazole (16g): As per 

general method B, compound 15g (1 eq, 2.04 mmol, 0.597 g) was reacted with 1,2,4-

triazole (3 eq, 6.12 mmol, 0.42 g) and p-TSA (0.6 eq, 200 mg) in toluene (60 mL). The 

crude product was purified via flash chromatography (eluent: n-hexane/ethyl acetate 1:1 

to 1:2), white solid, 34%, 0.235 g, Mp. 115-118°C. (HPLC 100%). IR: νmax (ATR) cm-1: 

3403, 3107, 2930, 2867, 1593, 1497, 1464, 1425, 1273, 1225, 1183, 1165. 1H NMR (400 

MHz, CDCl3) δ 3.74 (s, 6 H, OCH3), 3.83 (s, 3 H, OCH3), 6.30 (s, 2 H, Ar-H), 6.65 (s, 1 

H, CH-N-R), 7.05 - 7.12 (m, 4 H, Ar-H), 7.94 (s, 1 H, CH-N), 8.02 (s, 1 H, CH-N). 13C 

NMR (101 MHz, CDCl3) δ 56.15 (2xOCH3), 60.86 (OCH3), 67.17 (CH-N-R), 105.23 

(2xCH), 115.85 (CH), 116.06 (CH), 129.81 (CH), 129.89 (CH), 133.14 (C), 133.64 (C), 

138.23 (C-O), 143.53 (CH-N), 152.46 (CH-N), 153.65 (2xC-O), 163.89 (C-F). HRMS 

(EI): found 344.1415 (M+H)+; C18H19FN3O3 requires 344.1411.  
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4-((1H-1,2,4-Triazol-1-yl)(3,4,5-trimethoxyphenyl)methyl)benzonitrile (16h): As per 

general method B, compound 15h (1 eq, 1,15 mmol, 0,4 g) was reacted with 1,2,4-

triazole (3 eq, 3.42 mmol, 0.24g) and p-TSA (0.6 eq, 200 mg) in toluene (60 mL). The 

crude product was purified via flash chromatography (eluent: n-hexane/ethyl acetate 1:2), 

white solid, 60%, 0.5 g, Mp. 144-146°C, (HPLC 97%). IR: νmax (ATR) cm-1: 3132, 3061, 

2943, 2228, 1590, 1501, 1460, 1425, 1328, 1270, 1240, 1123, 1012, 1000. 1H NMR (400 

MHz, CDCl3) δ 3.78 (s, 6 H, OCH3), 3.87 (s, 3 H, OCH3), 6.39 (s, 2 H, Ar-H), 6.70 (s, 1 

H, CH-N-R), 7.22 (d, J=8.29 Hz, 2 H, Ar-H), 7.69 (d, J=8.29 Hz, 2 H, Ar-H), 8.03 (s, 1 

H, CH-N), 8.07 (s, 1 H, CH-N). 13C NMR (101 MHz, CDCl3) δ 56.22 (2xCH3), 60.89 

(CH3), 67.29 (CH), 105.75 (2xCH), 112.61 (C), 118.13 (CN), 128.45 (2xCH), 131.72 

(C), 132.63 (2xCH), 138.72 (C), 143.26 (C), 143.67 (CH-N), 152.73 (CH-N), 153.83 

(2xC). HRMS (EI): found 349.1296 (M-H)+; C19H17N4O3 requires 349.1301.  

 

Bis(3,4,5-trimethoxyphenyl)methanol (18b): As per general method C, 5-bromo-1,2,3-

trimethoxybenzene (1 eq, 7.2 mmol, 1.77 g) was dissolved in dry THF (50 mL). n-BuLi 

(3.328 mL) was added followed by the addition after 1 h of stirring of 3,4,5-

trimethoxybenzaldehyde (17b) (1 eq, 7.2 mmol, 1.41 g). The product was concentrated, 

re-dissolved in DCM (50 mL) washed with water (30 mL) and brine (10 mL), dried over 

sodium sulphate, filtered and concentrated under reduced pressure. The crude product 

was purified via flash chromatography (eluent: n-hexane/ethyl acetate 1:1). Yield: 16% 

(0.42 g) yellow solid Mp: 103-105 °C [25]. 1H NMR (400 MHz, CDCl3) d 3.83 (s, 18 H, 

OCH3), 5.69 (s, 1 H, CH-OH), 6.59 (s, 4 H, Ar-H). 13C NMR (101 MHz, CDCl3) d 56.16 

(4xOCH3), 60.83 (2xOCH3), 76.34 (CH-OH), 103.65 (4xCH), 137.41 (2xC), 139.12 

(2xC-O), 153.27 (4xC-O). HRMS (EI): found 387.1414 (M+Na)+; C19H24NaO7 requires 

387,1420. IR: νmax (ATR) cm-1: 3443, 2992, 2938, 2900, 1590, 1501, 1451, 1418, 1330, 

1229, 1181, 1120, 1010, 992, 837, 788, 753, 729, 687, 646, 619, 575, 555. 

Benzo[d][1,3]dioxol-5-yl(3,4,5-trimethoxyphenyl)methanol (18d): As per general 

method C, 5-bromo-1,2,3-trimethoxybenzene (1 eq, 4.37 mmol, 1.08 g) was dissolved in 

dry THF (50 mL). n-BuLi (2.05 mL) was added followed by the addition after 1 h of 

stirring of benzo[d][1,3]dioxole-5-carbaldehyde (17d) (1 eq, 4.37 mmol, 0.65 g). The 

product was concentrated, re-dissolved in DCM (50 mL) washed with water (30 mL) and 
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brine (10 mL), dried over sodium sulphate, filtered and concentrated under reduced 

pressure. The crude product was purified via flash chromatography (eluent: n-

hexane/ethyl acetate 1:1). Yield: 30% (0.42 g) pale yellow solid Mp: 106-109°C [25]. 1H 

NMR (400 MHz, CDCl3) d 3.80 - 3.83 (m, 9 H, OCH3), 5.67 (s, 1 H, CH-OH), 5.93 (s, 2 

H, CH2), 6.58 (s, 2 H, Ar-H), 6.74 - 6.77 (m, 1 H, Ar-H), 6.81 - 6.86 (m, 2 H, Ar-H). 13C 

NMR (101 MHz, CDCl3) d 56.10 (2xOCH3), 60.82 (OCH3), 76.04 (CH-OH), 101.07 

(CH2), 103.28 (2xCH2), 107.12 (CH), 108.08 (CH), 120.02 (CH), 135.71 (C), 137.23 (C), 

137.78 (C-O), 147.08 (C-O), 147.82 (C-O), 153.26 (2xC-O). LRMS (EI): Found 341.16 

(M+Na)+; C17H18NaO6 requires 341.10. IR: νmax (ATR) cm-1: 3317, 2936, 2837, 1591, 

1501, 1486, 1434, 1327, 1234, 1185, 1150, 1121, 1091, 1057, 975, 927, 845, 812, 771, 

674, 627. 

1-(Bis(3,4,5-trimethoxyphenyl)methyl)-1H-1,2,4-triazole (19b): As per general 

method B, compound 18b (1 eq, 1.3 mmol, 0.47 g) was reacted with 1,2,4-triazole (3 eq, 

3.8 mmol, 0.25 g) and p-TSA (0.61 eq, 200 mg) in toluene (60 mL). The crude product 

was purified via flash chromatography (eluent: n-hexane/ethyl acetate 1:2), off-white 

solid, 77%, 0.42 g, Mp. 132-135 °C, (HPLC 100%). IR: νmax (ATR) cm-1: 3570, 3127, 

1590, 1459, 1417, 1337, 1242, 1230, 1119, 1017. 1H NMR (400 MHz, CDCl3) � δ 3.75 

(s, 12 H, OCH3), 3.84 (s, 6 H, OCH3), 6.33 (s, 4 H, Ar-H), 6.59 (s, 1 H, CH-N-R), 7.96 

(s, 1 H, CH-N), 8.03 (s, 1 H, CH-N). 13C NMR (101 MHz, CDCl3) δ 56.18 (4xOCH3,), 

60.85 (2xOCH3), 67.95 (CH-N-R), 105.30 (4xCH), 133.07 (2xC), 138.20 (2xC-O), 

143.57 (CH-N), 152.35 (CH-N), 153.58 (4xC-O). HRMS (EI): found 438.1614 (M+Na)+; 

C21H25N3NaO6 requires 438.1641.  

1-((4-Ethoxyphenyl)(3,4,5-trimethoxyphenyl)methyl)-1H-1,2,4-triazole (19c): As per 

general method B, compound 18c (1 eq, 1.66 mmol, 0.528 g) was reacted with 1,2,4-

triazole (3 eq, 4.97 mmol, 0.34 g) and p-TSA (0.61 eq, 200 mg) in toluene (60 mL). The 

crude product was purified via flash chromatography (eluent: n-hexane/ethyl acetate 1:1), 

orange solid, 74%, 0.43 g, Mp. 140-145 °C, (HPLC 100%). IR: νmax (ATR) cm-1: 3570, 

2972, 2939, 1612, 1592, 1508, 1496, 1461, 1416, 1276, 1247, 1236, 1000. 1H NMR (400 

MHz, CDCl3) δ 1.40 (t, J=7.02 Hz, 3 H, CH3), 3.73 (s, 6 H, OCH3), 3.82 (s, 3 H, OCH3), 

4.02 (q, J=6.71 Hz, 2 H, CH2), 6.28 (s, 2 H, Ar-H), 6.61 (s, 1 H, CH-N-R), 6.88 (d, 
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J=9.16 Hz, 2 H, Ar-H), 7.07 (d, J=8.54 Hz, 2 H, Ar-H), 7.90 (s, 1 H, CH-N), 8.01 (s, 1 H, 

CH-N). 13C NMR (101 MHz, CDCl3) δ 14.75 (CH3), 56.11 (2xOCH3), 60.84 (OCH3), 

63.55 (CH2), 67.46 (CH-N-R), 104.96 (2xCH), 114.82 (2xCH), 129.38 (C), 129.52 

(2xCH), 133.88 (C), 137.94 (C), 152.29 (CH-N), 153.54 (2xC-O), 159.19 (C-OEt). 

HRMS (EI): found 392.1594 (M+Na)+; C20H23N3NaO4 requires 392.1586.  

1-(Benzo[d][1,3]dioxol-5-yl(3,4,5-trimethoxyphenyl)methyl)-1H-1,2,4-triazole (19d): 

As per general method B, compound 18d (1 eq, 1.32 mmol, 0.42 g) was reacted with 

1,2,4-triazole (3 eq, 3.9 mmol, 0.27 g) and p-TSA (0.61 eq, 200 mg) in toluene (60 mL). 

The crude product was purified via flash chromatography (eluent: n-hexane/ethyl acetate 

1:2), pale yellow solid, 95%, 0.456 g, Mp. 87-91 °C. IR: νmax (ATR) cm1: 3012, 2938, 

2839, 1593, 1505, 1492, 1465, 1444, 1333, 1256, 1235, 1188, 1125, 1107, 1033. 1H 

NMR (400 MHz, CDCl3) δ 3.74 (s, 6 H, OCH3), 3.83 (s, 3 H, OCH3), 5.28 (s, 1 H, CH-N-

R), 5.97 (s, 2 H, CH2), 6.29 (s, 2 H, Ar-H), 6.57 (s, 1 H, Ar-H), 6.63 (s, 1 H, Ar-H), 6.79 

(d, J=8.54 Hz, 1 H, Ar-H), 7.94 (s, 1 H, CH-N), 8.01 (s, 1 H, CH-N). 13C NMR (101 

MHz, CDCl3) δ 56.14 (2xOCH3), 60.84 (OCH3), 67.61 (CH-N-R), 101.49 (CH2), 104.98 

(2xCH), 108.49 (CH), 108.60 (CH), 121.99 (CH), 131.38 (C), 133.51 (C), 138.07 (C-O), 

139.42 (CH-N), 147.94 (C-O), 148.24 (C-O), 152.35 (CH-N), 153.58 (2xC-O). HRMS 

(EI): found 392.1228 (M+Na)+; C19H19N3NaO5 requires 392.1222.  

 (4-Fluorophenyl)(3,4,5-trimethoxyphenyl)methanol (15g): As per general method C, 

compound 14g (1 eq, 7.2 mmol, 1.26 g 0.79 mL) was dissolved in dry THF (50 mL). n-

BuLi (3.328 mL) was added followed by the addition after 1 h of stirring of 3,4,5-

trimethoxybenzaldehyde (1 eq, 7.2 mmol, 1.41 g). The product was concentrated, 

dissolved in DCM (50 mL) washed with water (30 mL) and brine (10 mL), dried over 

sodium sulphate and concentrated under reduced pressure. The crude product was 

purified via flash chromatography (eluent: n-hexane/ethyl acetate 1:1), yellow oil, 33%, 

0.692 g. IR: νmax (ATR) cm-1: 3437, 2939, 2837, 1591, 1504, 1453, 1418, 1327, 1219, 

1183, 1122, 1053, 1002. 1H NMR (400 MHz, CDCl3) δ 3.81 (s, 9 H, OCH3), 5.74 (d, 

J=3.05 Hz, 1 H, CH-OH), 6.56 (s, 2 H, Ar-H), 6.99 - 7.04 (m, 2 H, Ar-H), 7.33 (dd, 

J=8.54, 5.49 Hz, 2 H, Ar-H). 13C NMR (101 MHz, CDCl3) δ 56.08 (2xOCH3), 60.80 

(OCH3), 75.62 (CH-OH), 103.44 (2xCH), 115.19 (CH), 115.40 (CH), 128.15 (CH), 
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128.23 (CH), 132.23 (C), 137.35 (C-O), 139.24 (C), 153.30 (2xC-O), 160.96 (C-F). 

HRMS (EI): found 315.1014 (M+Na)+; C16H17FNaO4 requires 315.1009.  

4-(Hydroxy(3,4,5-trimethoxyphenyl)methyl)benzonitrile (15h): As per general 

method C, compound 14h (1 eq, 7.2 mmol, 1.31 g) was dissolved in dry THF (50 mL). n-

BuLi (3.328 mL) was added followed by the addition after 1 h of stirring of 3,4,5-

trimethoxybenzaldehyde (1 eq, 7.2 mmol, 1.41 g). The product was concentrated, 

dissolved in DCM (50 mL) washed with water (30 mL) and brine (10 mL), dried over 

sodium sulphate and concentrated under reduced pressure. The crude product was 

purified via flash chromatography (eluent: n-hexane/ethyl acetate 1:1), white solid, 21%, 

0.452 g, Mp: 115-118°C. IR: νmax (ATR) cm-1: 3422, 2948, 2846, 2228, 1595, 1501, 

1458, 1421, 1331, 1228, 1119, 1052. 1H NMR (400 MHz, CDCl3) δ 3.83 (s, 9 H, OCH3), 

5.79 (d, J=2.90 Hz, 1 H, CH-OH), 6.54 (s, 2 H, Ar-H), 7.52 (d, J=8.29 Hz, 2 H, Ar-H), 

7.64 (d, J=8.29 Hz, 2 H, Ar-H). 13C NMR (101 MHz, CDCl3) δ 56.13 (2xOCH3), 60.82 

(OCH3), 75.69 (CH-OH), 103.63 (2xCH), 111.28 (C-CN), 118.75 (CN), 126.95 (2xCH), 

132.25 (2xCH), 137.78 (C-O), 138.36 (C), 148.53 (C), 153.51 (2xC-O). HRMS (EI): 

found 334.0850 (M+Cl)+ C17H1735ClNO4 requires 334.0846.  

 (3-(Benzyloxy)-4-methoxyphenyl)(3,4,5-trimethoxyphenyl)methanol (18a): As per 

general method C, 5-bromo-1,2,3-trimethoxybenzene (1 eq, 7.2 mmol, 1.74 g) was 

dissolved in dry THF (50 mL). n-BuLi (3.328 mL) was added followed by the addition 

after 1 h of stirring of compound 17a (1 eq, 7.2 mmol, 1.78 g). The product was 

concentrated, dissolved in DCM (50 mL) washed with water (30 mL) and brine (10 mL), 

dried over sodium sulphate and concentrated under reduced pressure. The crude product 

was purified via flash chromatography (eluent: n-hexane/ethyl acetate 5:1), off-white 

solid, 48%, 1.4 g, Mp. 97-101°C. IR: νmax (ATR) cm-1: 3499, 2937, 1591, 1505, 1455, 

1418, 1330, 1260, 1232, 1128, 1024. 1H NMR (400 MHz, CDCl3) δ 3.76 (s, 6 H, CH3), 

3.81 (s, 3 H, CH3), 3.85 (s, 3 H, CH3), 5.10 (s, 2 H, CH2), 5.64 (s, 1 H, CH-N-R), 6.50 (s, 

2 H, Ar-H), 6.82 - 6.85 (m, 1 H, Ar-H), 6.88 - 6.90 (m, 2 H, Ar-H), 7.24 - 7.27 (m, 1 H, 

Ar-H), 7.28 - 7.33 (m, 2 H, Ar-H), 7.35 - 7.38 (m, 2 H, Ar-H). 13C NMR (101 MHz, 

CDCl3) δ 56.02 (CH3), 56.04 (2xCH3), 60.79 (CH3), 70.94 (CH2), 75.87 (CH-N-R), 

103.33 (2xCH), 111.55 (CH), 112.64 (CH), 119.57 (CH), 127.29 (2xCH), 127.80 (CH), 
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128.45 (2xCH), 136.20 (C), 136.96 (C-O), 139.38 (2xC), 148.04 (C-O), 149.23 (C-OBn), 

153.16 (2xC-O). HRMS (EI): found 433.1621 (M+Na)+; C24H26NaO6 requires 433.1627.  

(4-Ethoxyphenyl)(3,4,5-trimethoxyphenyl)methanol (18c): As per general method C, 

5-bromo-1,2,3-trimethoxybenzene (1 eq, 7.2 mmol, 1.77 g) was dissolved in dry THF (50 

mL). n-BuLi (3.328 mL) was added followed by the addition after 1 h of stirring of 

compound 17c(1 eq, 7.2 mmol, 1.08 g 1 mL). The product was concentrated, dissolved in 

DCM (50 mL) washed with water (30 mL) and brine (10 mL), dried over sodium 

sulphate and concentrated under reduced pressure. The crude product was purified via 

flash chromatography (eluent: n-hexane/ethyl acetate 1:1), white solid, 23%, 0.528 g, 

Mp. 106-109 °C. IR: νmax (ATR) cm-1: 3363, 3077, 2897, 2834, 1590, 1508, 1459, 1423, 

1325, 1234, 1170, 1126, 1054, 1037. 1H NMR (400 MHz, CDCl3) δ 1.43 (t, J=7.03 Hz, 3 

H, CH3), 3.86 (s, 9 H, OCH3), 4.05 (q, J=7.03 Hz, 2 H, CH2), 5.77 (d, J=3.51 Hz, 1 H, 

CH-OH), 6.63 (s, 2 H, Ar-H), 6.90 (d, J=8.03 Hz, 2 H, Ar-H), 7.32 (s, 2 H, Ar-H). 13C 

NMR (101 MHz, CDCl3) δ 14.83 (CH3), 56.09 (2xOCH3), 60.82 (OCH3), 63.46 (CH2), 

75.88 (CH-OH), 103.39 (2xCH), 114.44 (2xCH), 127.88 (C), 135.73 (C), 137.13 (C-O), 

139.64 (2xCH), 153.22 (2xC-O), 158.52 (C-OEt). HRMS (EI): found 341.1368 (M+Na)+; 

C18H22NaO5 requires 341.1365.  

4-((3-(Benzyloxy)-4-methoxyphenyl)(hydroxy)methyl)benzonitrile (18e) As per 

general method C, 4-bromobenzonitrile (1 eq., 1.31 g, 7.2 mmol), n-BuLi (3.328 mL, 2.5 

M) and 3-benzyloxy-4-methoxybenzaldehyde (1 eq., 1.74 g, 7.2 mmol) were reacted. The 

material was purified via flash chromatography on silica gel (n-hexane : EtOAc, gradient 

5:1 to 1:1) to afford the product as a cream solid, 2.01 g, 81%, Mp. 105-107 °C. IR : nmax 

(KBr) cm-1: 3514, 2227, 1607, 1511, 1253, 1223, 1137, 1017. 1H NMR (CDCl3, 400 

MHz) δ 7.56 (d, J = 8.03 Hz, 2H, Ar-H), 7.30 - 7.41 (m, 7H, Ar-H), 6.84 - 6.90 (m, 2H, 

Ar-H), 6.80 (s, 1H, Ar-H), 5.72 (s, 1H, CH), 5.07 - 5.16 (m, 2H, CH2), 3.88 (s, 3H, CH3), 

2.63 (br. s., 1H, OH). 13C NMR (CDCl3, 100 MHz) δ 149.1 (COBn), 148.5 (Cq), 147.7 

(Cq), 136.3 (Cq), 134.9 (Cq), 131.7, 128.1, 127.4, 126.8, 126.4, 119.3, 118.5 (Cq), 112.2, 

111.1, 110.4 (Cq), 74.7 (CH), 70.4 (CH2), 55.6 (OCH3). HRMS (EI): 368.1266 (M+Na)+; 

C22H19NNaO3 requires 368.1263.  
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4-((4-(Benzyloxy)phenyl)(hydroxy)methyl)benzonitrile (18f) As per general method C, 

4-bromobenzonitrile (1 eq., 1.31 g, 7.2 mmol), n-BuLi (3.328 mL, 2.5 M) and 4-

benzyloxybenzaldehyde (1 eq., 1.52 g, 7.2 mmol) were reacted. The material was purified 

via flash chromatography on silica gel (n-hexane:EtOAc, gradient 5:1 to 1:1) over silica 

gel to afford the product as a yellow solid, 1.99 g, 88%, Mp. 89-92 °C. IR: nmax (KBr) 

cm-1: 3469, 2234, 1605, 1506, 1230, 1007. 1H NMR (CDCl3, 400 MHz) δ 7.64 (d, J = 

8.53 Hz, 2H, Ar-H), 7.52 (d, J = 8.03 Hz, 2H, Ar-H), 7.33 - 7.47 (m, 5H, Ar-H), 7.25 (d, 

J = 8.53 Hz, 2H, Ar-H), 6.97 (d, J = 9.03 Hz, 2H, Ar-H), 5.84 (br s, 1H), 5.07 (s, 2H, 

CH2). 13C NMR (CDCl3, 100 MHz) δ 158.3 (COBn), 148.6 (Cq), 136.2 (Cq), 134.9 (Cq), 

131.8, 128.2, 127.7, 127.6, 127.0, 126.5, 118.5 (Cq), 114.7, 110.5 (Cq), 74.7 (CH), 69.6 

(CH2) HRMS (EI): 338.1143 (M+Na)+, C21H17NNaO2 requires 338.1157.  

 

General method D: Preparation of 1-(Diarylmethyl)-1H-imidazoles 

To a solution of the secondary alcohol (1 eq) in dry acetonitrile (60 mL), CDI was 

added (1.3 eq,). The mixture was refluxed for 3 h under nitrogen, the acetonitrile was 

evaporated and the crude product was dissolved in DCM (30 mL) and washed with water 

(20 mL) and brine (10 mL). The product was dried over sodium sulphate and concentrated 

under reduced pressure. The crude product was purified via flash chromatography over 

silica gel to afford the desired product, (eluent: n-hexane/ethyl acetate 1:1). 

1-((4-Fluorophenyl)(phenyl)methyl)-1H-imidazole (20d): As per general method D, 

compound 12d (1 eq, 1.73 mmol, 0.35 g) was reacted with CDI in ACN (50 mL) at reflux 

for 3 h. The crude product was then purified via flash chromatography (eluent: n-

hexane/ethyl acetate 1:1), yellow solid, 16%, 0.07 g, Mp. 96-99 °C, (HPLC 94%). IR: 

νmax (ATR) cm-1: 3124, 3030, 2913, 2694, 1736, 1603, 1508, 1495, 1298, 1260, 1223, 

1187, 1157.1H NMR (400 MHz, CDCl3) δ 6.63 (s, 1 H, CH-N-R), 6.96 - 7.01 (m, 3 H, 

Ar-H), 7.10 (s, 2 H, Ar-H), 7.28 - 7.31 (m, 6 H, Ar-H), 7.68 (s, 1 H, CH-N). 13C NMR 

(101 MHz, CDCl3) δ 80.47 (CH-N-R) 115.58 (2xCH) 121.96 (CH) 126.75 (CH) 128.23 

(CH) 128.60 (4xCH) 128.89 (CH) 128.94 (CH) 131.17 (C) 135.34 (C) 139.20 (CH). 

HRMS (EI): found 253.1142 (M+H)+; C16H14FN2 requires 253.1141.  
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1-((4-Methoxyphenyl)(phenyl)methyl)-1H-imidazole (20e): As per general method D, 

compound 12e (1 eq, 1.86 mmol, 0.40 g) was reacted with CDI in ACN (50 mL) at reflux 

for 3h. The crude product was then purified via flash chromatography (eluent: n-

hexane/ethyl acetate 1:2), yellow oil [34], 54%, 0.26 g. IR: νmax (ATR) cm-1: 3031, 2934, 

1585, 1511, 1494, 1249, 1222, 1175, 1072, 1028. 1H NMR (400 MHz, CDCl3) δ 3.81 (s, 

3 H, OCH3), 6.47 (s, 1 H, CH-N-R), 6.84 (s, 1 H, Ar-H), 6.88 (d, J=7.32 Hz, 2 H, Ar-H), 

7.03 - 7.10 (m, 5 H, Ar-H), 7.31 - 7.37 (m, 3 H, Ar-H), 7.40 (s, 1 H, CH-N). 13C NMR 

(101 MHz, CDCl3) δ 55.28 (OCH3), 64.48 (CH-N-R), 114.15 (2xCH), 119.27 (CH-N), 

127.70 (2xCH), 128.18 (CH-N), 128.77 (2xCH), 129.20 (CH), 129.42 (2xCH), 131.02 

(C), 137.28 (CH-N), 139.53 (C), 159.50 (C-O). HRMS (EI): found 265.1342 (M+H)+; 

C17H17N2O requires 265.1341.  

1-(Phenyl(p-tolyl)methyl)-1H-imidazole (20g): As per general method D, compound 

12g (1 eq, 2.52 mmol, 0.50 g) was reacted with CDI (1.3 eq, 3.27 mmol, 0.53 g) in ACN 

(50 mL) at reflux for 3 h. The crude product was then purified via flash chromatography 

(eluent: n-hexane/ethyl acetate 1:1), orange oil, 54%, 0.334 g. IR: νmax (ATR) cm-1: 3028, 

2920, 1654, 1603, 1513, 1493, 1451, 1413, 1278, 1222, 1073, 1028. 1H NMR (400 MHz, 

CDCl3) δ 2.35 (s, 3 H, CH3), 6.48 (s, 1 H, CH-N-R), 6.84 (s, 1 H, Ar-H), 7.00 (d, J=8.29 

Hz, 2 H, Ar-H), 7.07 - 7.10 (m, 3 H, Ar-H), 7.16 (d, J=7.88 Hz, 2 H, Ar-H), 7.31 - 7.37 

(m, 3 H, Ar-H), 7.40 (s, 1 H, CH-N). 13C NMR (101 MHz, CDCl3) δ 21.06 (CH3), 64.82 

(CH-N-R), 119.35 (CH-N), 127.86 (CH), 128.00 (2xCH), 128.23 (CH-N), 128.78 

(2xCH), 129.04 (2xCH), 129.49 (2xCH), 135.99 (C-CH3), 137.27 (C), 138.24 (C), 139.28 

(CH-N). HRMS (EI): found 249.1386 (M+H)+; C17H17N2 requires 249.1392.  

4-((1H-Imidazol-1-yl)(phenyl)methyl)phenyl acetate (20h): As per general method D, 

compound 12h (1 eq, 0.62 mmol, 0.15 g) was reacted with CDI in ACN ( 50 mL) at 

reflux for 3 h. The crude product was then purified via flash chromatography (eluent: n-

hexane/ethyl acetate 1:1), white solid, 64%, 0.116 g, Mp. 164-167 °C. IR: νmax (ATR) cm-

1: 3114, 2945, 1611, 1593, 1510, 1498, 1451, 1353, 1257, 1222, 1172, 1082. 1H NMR 

(400 MHz, CDCl3) δ 7.37 (s, 1H, CH-N), 7.32 (dd, J = 5.4, 3.4 Hz, 3H, Ar-H), 7.10 (s, 

1H, CH-N), 7.05 (dd, J = 7.5, 1.8 Hz, 2H, Ar-H), 6.93 – 6.89 (m, 2H, Ar-H), 6.87 (s, 1H, 

CH-N), 6.84 – 6.79 (m, 2H, Ar-H), 6.42 (s, 1H, CH-N-R), 1.24 (s, 3H, CH3). 13C NMR 
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(101 MHz, CDCl3) δ 157.81 (C=O), 139.34 (CH, C), 136.97 (C), 129.50 (2xCH), 129.05 

(CH), 128.80 (2xCH), 128.22 (CH), 127.63 (2xCH), 119.82 (CH), 116.14 (2xCH), 64.99 

(CH-N-R), 29.67 (CH3). HRMS (EI): found 293.1277 (M+H)+; C18H17N2O2 requires 

293.1290.  

4-((1H-Imidazol-1-yl)(phenyl)methyl)phenyl 2,2,2-trifluoroacetate (20i): As per 

general method D, compound 12j (1 eq, 0.42 mmol, 0.125 g) was reacted with CDI  in 

ACN (20 mL) at reflux for 3 h. The crude product was then purified via flash 

chromatography (eluent: n-hexane/ethyl acetate 1:1), off white solid, 50%, 0.07 g, Mp. 

210-212°C. IR: νmax (ATR) cm-1: 3121, 3072, 3039, 2564, 1702, 1610, 1554, 1415, 1251, 

1212, 1150, 1080. 1H NMR (400 MHz, CDCl3) δ 7.59 (d, J = 8.6 Hz, 2H, Ar-H), 7.35 

(dd, J = 5.1, 1.8 Hz, 4H, Ar-H), 7.10 (s, 1H, CH-N), 7.09 – 7.04 (m, 4H, Ar-H), 6.86 (s, 

1H, CH-N), 6.50 (s, 1H, CH-N-R). 13C NMR (101 MHz, CDCl3) δ 155.21 (C), 138.35 

(C, CH-N), 136.30 (CH-N), 136.18 (C), 129.02 (2xCH), 128.76 (2xCH), 128.67 (CH), 

127.90 (2xCH), 121.35 (2xCH), 119.74 (CH-N), 114.39 (CF3), 64.71 (CH-N-R). LRMS 

(EI): found 346.16 (M)+; C18H13F3N2O2 requires 346.09.  

1-((4-(Benzyloxy)phenyl)(phenyl)methyl)-1H-imidazole (20j): As per general method 

D, compound 12k (1 eq, 1.85 mmol, 0.54 g) was reacted with CDI in ACN (50 mL) at 

reflux for 3 h. The crude product was then purified via flash chromatography (eluent: n-

hexane/ethyl acetate 1:1 MeOH), yellow oil, 45%, 0.63 g. IR: νmax (ATR) cm-1: 3071, 

2566, 1701, 1510, 1281, 1248, 1214, 1150, 1078, 1026. 1H NMR (400 MHz, CDCl3) δ 

5.07 (s, 2 H, CH2), 6.48 (s, 1 H, CH-N-R), 6.85 (s, 1 H, CH-N), 6.96 (d, J=8.54 Hz, 2 H, 

Ar-H), 7.02 - 7.12 (m, 5, Ar-H), 7.31 - 7.46 (m, 9 H, Ar-H). 13C NMR (101 MHz, CDCl3) 

δ 158.77 (C-OBn), 139.35 (C), 137.20 (CH-N), 136.59 (C), 131.15 (C), 129.47 (4xCH), 

128.82 (2xCH), 128.61 (CH), 128.26 (CH), 128.07 (CH-N), 127.72 (2xCH), 127.44 

(2xCH), 119.37 (CH-N), 115.10 (2xCH), 70.08 (CH2), 64.61 (CH-N-R). HRMS (EI): 

found 341.1650 (M+H)+; C23H21N2O requires 341.1654.  

1-((4-Ethoxyphenyl)(phenyl)methyl)-1H-imidazole (20k) : As per general method D, 

compound 12m (1 eq, 2.05 mmol, 0.47 g) was reacted with CDI in ACN (50 mL) at 

reflux for 1.5 h. The crude product was then purified via flash chromatography (eluent: n-
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hexane/ethyl acetate 1:1), pale yellow oil, 54%, 0.308 g. IR: νmax (ATR) cm-1: 3031, 

2928, 1610, 1583, 1510, 1494, 1477, 1281, 1246, 1175, 1044, 921, 873, 786, 734, 698, 

662. 1H NMR (400 MHz, CDCl3) δ 1.42 (t, J=7.02 Hz, 3 H, CH3), 4.03 (q, J=7.12 Hz, 2 

H, CH2), 6.47 (s, 1 H, CH-N-R), 6.85 (d, J=6.71 Hz, 2 H, Ar-H), 6.88 (s, 1 H, CH-N), 

7.03 (d, J=8.54 Hz, 2 H, Ar-H), 7.07 - 7.10 (m, 3 H, Ar-H), 7.32 - 7.37 (m, 3 H, Ar-H), 

7.40 (s, 1 H, CH-N). 13C NMR (101 MHz, CDCl3) δ 14.77 (CH3), 63.52 (CH2), 64.51 

(CH-N-R), 114.67 (2xCH), 119.29 (CH-N), 127.72 (CH), 128.17 (2xCH), 128.77 

(2xCH), 129.26 (CH-N), 129.44 (2xCH), 130.87 (C), 137.35 (C), 139.62 (CH-N), 158.91 

(COEt). HRMS (EI): found 279.1497 (M+H)+; C18H19N2O requires 279.1497.  

1-((4-Propoxyphenyl)(3,4,5-trimethoxyphenyl)methyl)-1H-imidazole (21a): As per 

general method D, compound 15a (1 eq, 1.35 mmol, 0.45 g) was reacted with CDI in 

ACN (50 mL) at reflux for 3 h. The crude product was then purified via flash 

chromatography (n-hexane : ethyl acetate), yellow oil, 56%, 0.288 g., (HPLC 99%). IR: 

νmax (ATR) cm-1: 2964, 2937, 2878, 1590, 1506, 1459, 1330, 1176. 1H NMR (400 MHz, 

CDCl3) δ 1.04 (t, J=7.53 Hz, 3 H, CH3), 1.78 - 1.85 (m, 2 H, CH2), 3.74 (s, 6 H, OCH3), 

3.85 (s, 3 H, OCH3), 3.92 (t, J=6.53 Hz, 2 H, CH2), 6.27 (s, 2 H, Ar-H), 6.40 (s, 1 H, CH-

N-R), 6.84 - 6.91 (m, 3 H, Ar-H), 7.04 (d, J=8.53 Hz, 2 H, Ar-H), 7.09 (s, 1 H, CH-N), 

7.40 (s, 1 H, CH-N). 13C NMR (101 MHz, CDCl3) δ 10.43 (CH3), 22.46 (CH2), 56.04 

(2xOCH3), 60.79 (OCH3), 64.53 (CH-N-R), 69.51 (CH2), 104.84 (2xCH), 114.64 

(2xCH), 119.27 (CH-N), 129.14 (CH-N), 129.29 (2xCH and C), 130.57 (C), 135.12 (C-

O), 137.66 (CH-N), 153.39 (2xC-O), 159.11 (C-OPr). HRMS (EI): found 381.1819 (M-

H)+; C22H25N2O4 requires 381.1814.  

1-(p-Tolyl(3,4,5-trimethoxyphenyl)methyl)-1H-imidazole (21b): As per general 

method D, compound 15c (1 eq, 2.71 mmol, 0.78 g) was reacted with CDI in ACN (50 

mL) at reflux for 3 h. The crude product was then purified via flash chromatography 

(eluent: n-hexane/ethyl acetate 1:1), yellow oil, 39%, 0.354 g, (HPLC 98%). IR: νmax 

(ATR) cm-1: 3111, 2934, 1590, 1506, 1459, 1421, 1329, 1127, 1184, 1124, 1076, 1004. 
1H NMR (400 MHz, CDCl3) δ 2.35 (s, 3 H, CH3), 3.72 (s, 6 H, OCH3), 3.83 (s, 3 OCH3), 

6.26 (s, 2 H, Ar-H), 6.43 (s, 1 H, CH-N-R), 6.84 (s, 1H, CH-N), 7.07 - 7.12 (m, 2 H, Ar-

H), 7.32 - 7.37 (m, 3 H, Ar-H), 7.40 (s, 1 H, CH-N). 13C NMR (101 MHz, CDCl3) δ 
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22.31 (CH3), 56.18 (2xOCH3), 60.84 (OCH3), 61.89 (CH-N-R), 103.60 (2xCH), 127.97 

(2xCH), 129.53 (2xCH), 129.74 (CH-N), 131.00 (C), 134.91 (C), 136.19 (C-CH3), 

137.01 (C-O), 137.76 (CH-N), 153.48 (2xC-O), HRMS (EI): 339.1712 (M+H)+; 

C20H23N2O3 requires 339.1709.  

1-((3,4-Dimethoxyphenyl)(3,4,5-trimethoxyphenyl)methyl)-1H-imidazole (21c): As 

per general method D, compound 15d (1 eq, 3.29 mmol, 1.1 g) was reacted with CDI in 

ACN (50 mL) at reflux for 3 h. The crude product was then purified via flash 

chromatography (eluent: n-hexane/ethyl acetate: methanol 1:9:1), pale yellow solid, 67%, 

0.85 g, Mp. 134-137 °C, (HPLC 96%). IR: νmax (ATR) cm-1: 2928, 2838, 1516, 1491, 

1477, 1331, 1276, 1257, 1215, 1235, 1120, 1024, 1004. 1H NMR (400 MHz, CDCl3) δ 

3.74 (s, 6 H, OCH3), 3.79 (s, 3 H, OCH3), 3.85 (s, 3 H, OCH3), 3.88 (s, 3 H, OCH3), 6.28 

(s, 2 H, Ar-H), 6.39 (s, 1 H, CH-N-R), 6.61 - 6.66 (m, 2 H, Ar-H), 6.83 (s, 1 H, CH-N), 

6.85 (d, J=3.73 Hz, 1 H, Ar-H), 7.09 (s, 1 H, CH-N), 7.41 (s, 1 H, CH-N). 13C NMR (101 

MHz, CDCl3) δ 55.88 (OCH3), 55.91 (2xOCH3), 56.09 (OCH3), 60.84 (OCH3), 64.74 

(CH-N-R), 104.97 (2xCH), 111.02 (CH), 111.15 (CH), 119.29 (CH-N), 120.51 (CH), 

129.28 (CH-N), 131.24 (C), 134.88 (C), 137.37 (C-O), 137.79 (CH-N), 149.05 (C-O), 

149.17 (C-O), 153.43 (2xC-O). HRMS (EI): Found 419.1387 (M+Cl)+; C21H2435ClN2O5 

requires 419.1374.  

1-(Phenyl(3,4,5-trimethoxyphenyl)methyl)-1H-imidazole (21d): As per general 

method D, compound 15e (1 eq, 1.20 mmol, 0.33 g) was reacted with CDI in ACN (50 

mL) at reflux for 3 h. The crude product was then purified via flash chromatography 

(eluent: n-hexane/ethyl acetate 1:1), off-white solid, 52%, 0.205 g, Mp. 83-85°C, (HPLC 

97%). IR: νmax (ATR) cm-1: 2964, 2937, 2838, 1590, 1459, 1330, 1234, 1004. 1H NMR 

(400 MHz, CDCl3) δ 3.75 (s, 6 H, OCH3), 3.86 (s, 3 H, OCH3), 6.30 (s, 2 H, Ar-H), 6.45 

(s, 1 H, CH-N-R), 6.87 (s, 1 H, CH-N), 7.10 - 7.15 (m, 3 H, Ar-H), 7.35 - 7.39 (m, 3 H, 

Ar-H), 7.42 (s, 1 H, CH-N). 13C NMR (101 MHz, CDCl3) δ 56.08 (2xOCH3), 60.84 

(OCH3), 65.05 (CH-N-R), 105.20 (2xCH), 119.35 (CH-N), 127.94 (CH), 128.45 (CH-N), 

128.84 (2xCH), 129.26 (2xCH), 134.57 (C), 137.37 (C), 137.85 (C), 138.89 (CH-N), 

153.45 (2xC). HRMS (EI): found 323.1400 (M-H)+; C19H19N2O3 requires 323.1396.  
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1-((4-Methoxyphenyl)(3,4,5-trimethoxyphenyl)methyl)-1H-imidazole (21e): As per 

general method D, compound 15f (1 eq, 1.84 mmol, 0.56 g) was reacted with CDI in 

ACN (50 mL) at reflux for 2 h. The crude product was then purified via flash 

chromatography (eluent: n-hexane/ethyl acetate: methanol 1:9:1), orange oil, 100%, 0.65 

g, (HPLC 92%). IR: νmax (ATR) cm-1: 3358, 2964, 2937, 1590, 1459, 1330, 1176, 1123, 

1072. 1H NMR (400 MHz, CDCl3) δ 3.74 (s, 6 H, OCH3), 3.82 (s, 3 H, OCH3), 3.85 (s, 3 

H, OCH3), 6.27 (s, 2 H, Ar-H), 6.40 (s, 1 H, CH-N-R), 6.85 (s, 1 H, CH-N), 6.88 - 6.91 

(m, 2 H, Ar-H), 7.04 - 7.07 (m, 2 H, Ar-H), 7.09 (s, 1 H, CH-N), 7.40 (s, 1 H, CH-N). 13C 

NMR (101 MHz, CDCl3) δ 55.25 (OCH3), 56.04 (2xOCH3), 60.80 (OCH3), 64.50 (CH-

N-R), 104.85 (2xCH), 114.13 (2xCH), 119.27 (CH-N), 127.82 (CH-N), 129.17 (C), 

129.32 (2xCH), 130.83 (C), 135.05 (C-O), 137.68 (CH-N), 153.40 (2xC-O), 159.52 (C-

O). HRMS (EI): Found 355.1664 (M+H)+; C20H23N2O4 requires 355.1658.  

1-((4-Fluorophenyl)(3,4,5-trimethoxyphenyl)methyl)-1H-imidazole (21f): As per 

general method D, compound 15g (1 eq, 1.48 mmol, 0.43 g) was reacted with CDI  in 

ACN (50 mL) at reflux for 3 h. The crude product was then purified via flash 

chromatography (eluent n-hexane/ethyl acetate 1:1), yellow oil, 56%, 0.28 g, (HPLC 

91%). IR: νmax (ATR) cm-1: 2939, 2838, 1590, 1505, 1458, 1420, 1223, 1122. 1H NMR 

(400 MHz, CDCl3) δ 3.75 (s, 6 H, OCH3), 3.86 (s, 3 H, OCH3), 6.27 (s, 2 H, Ar-H), 6.45 

(s, 1 H, CH-N-R), 6.85 (s, 1 H, CH-N), 7.07 - 7.13 (m, 5 H, Ar-H), 7.42 (s, 1 H, CH-N). 
13C NMR (101 MHz, CDCl3) δ 56.13 (2xOCH3), 60.87 (OCH3), 64.36 (CH-N-R), 105.06 

(2xCH), 115.97 (2xCH), 119.21 (CH-N), 129.48 (CH-N), 129.72 (CH), 129.80 (CH), 

134.39 (C), 134.83 (C), 137.28 (C-O), 137.99 (CH-N), 153.56 (2xC-O), 163.77 (C-F). 

HRMS (EI): Found 343.1445 (M+H)+; C19H20FN2O3 requires 343.1458.  

4-((1H-Imidazol-1-yl)(3,4,5-trimethoxyphenyl)methyl)benzonitrile (21g): As per 

general method D, compound 15h (1 eq, 1.50 mmol, 0.45 g) was reacted with in ACN 

(50 mL) at reflux for 3 h. The crude product was then purified via flash chromatography 

(eluent: n-hexane/ethyl acetate 1:1), orange oil, 35%, 0.182 g, (HPLC 94%). IR: νmax 

(ATR) cm-1: 3120, 2938, 2839, 2227, 1589, 1461, 1327, 1230, 1185, 1124. 1H NMR (400 

MHz, CDCl3) δ 3.76 (s, 6 H, OCH3), 3.87 (s, 3 H, OCH3), 6.28 (s, 2 H, Ar-H), 6.50 (s, 1 

H, CH-N-R), 6.85 (s, 1 H, CH-N), 7.15 (s, 1 H, CH-N), 7.21 (d, J=8.03 Hz, 2 H, Ar-H), 
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7.44 (s, 1 H, CH-N), 7.69 (d, J=8.53 Hz, 2 H, Ar-H). 13C NMR (101 MHz, CDCl3) δ 

56.23 (2xOCH3), 60.92 (OCH3), 64.63 (CH-N-R), 105.53 (2xCH), 112.57 (C-CN), 

118.15 (CN), 119.11 (CH-N), 128.48 (2xCH), 129.96 (CH-N), 132.71 (2xCH), 132.94 

(C), 137.27 (C-O), 138.48 (CH-N), 144.38 (C), 153.78 (2xC-O). HRMS (EI): Found 

348.1354 (M-H)+; C20H18N3O3 requires 348.1348.  

1-((4-Ethoxyphenyl)(3,4,5-trimethoxyphenyl)methyl)-1H-imidazole (21j): As per 

general method D, compound (18c) (1 eq, 1.55 mmol, 0.81 g) was reacted with CDI in 

ACN (50 mL) at reflux for 3 h. The crude product was then purified via flash 

chromatography (eluent: n-hexane/ethyl acetate 1:1) to afford an orange oil, 99%, 0.564 

g, (HPLC 91%). IR: νmax (ATR) cm-1: 2978, 2937, 1610, 1590, 1506, 1458, 1419, 1330, 

1234, 1074, 1043. 1H NMR (400 MHz, CDCl3) δ 1.42 (t, J=6.85 Hz, 3 H, CH3), 3.74 (s, 6 

H, OCH3), 3.85 (s, 3 H, OCH3), 4.04 (q, J=6.85 Hz, 2 H, CH2), 6.27 (s, 2 H, Ar-H), 6.40 

(s, 1 H, CH-N-R), 6.85 - 6.90 (m, 3 H, Ar-H), 7.04 (d, J=8.80 Hz, 2 H, Ar-H), 7.09 (br. 

s., 1 H, CH-N), 7.40 (s, 1 H, CH-N). 13C NMR (101 MHz, CDCl3) δ 14.73 (CH3), 56.08 

(2xOCH3), 60.84 (OCH3), 63.51 (CH2), 64.56 (CH-N-R), 104.88 (2xCH), 114.65 

(2xCH), 129.22 (CH-N) 129.34 (2xCH, C), 130.67 (C), 135.13 (C), 137.70 (CH-N), 

153.42 (2xC), 158.95 (C). HRMS (EI): Found 369.1800 (M+H)+; C21H25N2O4 requires 

369.1814.  

1-(Benzo[d][1,3]dioxol-5-yl(3,4,5-trimethoxyphenyl)methyl)-1H-imidazole (21k): As 

per general method D, compound 18d (1 eq, 0.5 mmol, 0.16 g) was treated with CDI in 

ACN (50 mL) at reflux for 3 h. The crude product was then purified via flash 

chromatography (eluent: n-hexane/ethyl acetate) to afford a yellow oil, 52%, 0.093 g, 

(HPLC 96%). IR: νmax (ATR) cm-1: 3114, 2938, 1590, 1502, 1488, 1459, 1330, 1232, 

1121, 1075, 1034. 1H NMR (400 MHz, CDCl3) δ 3.73 (s, 6 H, OCH3), 3.83 (s, 3 H, 

OCH3), 5.97 (s, 2 H, CH2), 6.25 (s, 2 H, Ar-H), 6.34 (s, 1 H, CH-N-R), 6.58 - 6.61 (m, 2 

H, Ar-H), 6.77 (d, J=8.71 Hz, 1 H, Ar-H), 6.92 (br. s., 1 H, CH-N), 7.14 (br. s., 1 H, CH-

N), 7.47 (br. s., 1 H, CH-N). 13C NMR (101 MHz, CDCl3) δ 153.52 (2xC-O), 148.20 (C-

O), 147.77 (C-O), 137.91 (C-O, CH-N), 134.58 (2xC), 132.47 (CH), 121.81 (CH-N), 

108.49 (CH), 108.41 (CH), 104.89 (2xCH), 101.44 (CH2), 65.00 (CH-N), 60.86 (OCH3), 

56.14 (2xOCH3). HRMS (EI): Found 369.1442 (M+H)+; C20H21N2O5 requires 369.1450.  
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General method E for the preparation of diarylmethylpyrrolidines, 

diarylmethylpiperidines and diarylmethylpiperazines: The benzhydryl alcohol (1 eq) 

was reacted with thionyl chloride (5 eq) in dry DCM (30 mL) for 12 h. The reaction 

mixture was concentrated under reduced pressure and the crude product was used in the 

next step without any further purification. The chlorinated benzhydryl alcohol was 

reacted with pyrrolidine or piperidine (5 eq) in dry ACN (30 mL) and refluxed for 12 h. 

The solvent was removed and the residue dissolved in DCM (50 mL) and washed with 1 

M NaOH (30 mL). The organic phase was dried over sodium sulphate, filtered and 

concentrated. The crude product was then purified via flash chromatography (eluent: n-

hexane/ethyl acetate). 

1-((4-Fluorophenyl)(phenyl)methyl)pyrrolidine (25c): As per general method E, 

compound 12d (1 eq, 3.3 mmol, 0.72 g) was treated with thionyl chloride followed by 

reaction with pyrrolidine (5 eq, 16.54 mmol, 1.18 g 1.35 mL) in dry ACN (50 mL) at 

reflux for 12 h. The crude product was purified via flash chromatography (eluent: n-

hexane/ethyl acetate 7:3), orange oil, 79%, 0.67 g. IR: νmax (ATR) cm-1: 2967, 2875, 

1505, 1492, 1452, 1219, 1154, 1129, 1091, 1027. 1H NMR (400 MHz, CDCl3) δ 1.75 (dt, 

J=6.26, 3.28 Hz, 4 H, 2xCH2), 2.38 (br. s., 4 H, 2xCH2), 4.13 (s, 1 H, CH-N-R), 6.92 – 

6.94 (m, 2 H, Ar-H), 7.13 - 7.18 (m, 1 H, Ar-H), 7.23 - 7.27 (m, 3 H, Ar-H), 7.40 (d, 

J=7.93 Hz, 3 H, Ar-H). 13C NMR (101 MHz, CDCl3) δ 23.52 (2xCH2), 53.58 (2xCH2), 

75.61 (CH-N-R), 115.20 (2xCH), 126.87 (CH), 127.35 (2xCH), 128.41 (2xCH), 128.82 

(2xCH), 136.65 (C), 143.24 (C), 162.87 (C-F). LRMS (EI): found 256.32 (M+H)+; 

C17H19FN requires 256.15.  

1-((4-Methoxyphenyl)(3,4,5-trimethoxyphenyl)methyl)pyrrolidine (25g): As per 

general method E, compound 15c was reacted with pyrrolidine (5 eq, 6.35 mmol, 0.38 g, 

0.45 mL) in dry ACN (50 mL) at reflux for 12 h. The product did not require any further 

purification, brown oil, 91%, 0.41 g, (HPLC 92%). IR: νmax (ATR) cm-1: 2932, 2834, 

2750, 1589, 1507, 1452, 1418, 1327, 1232, 1175, 1125, 1099, 1034, 1005. 1H NMR (400 

MHz, CDCl3) δ 7.34 (d, J = 8.7 Hz, 2H, Ar-H), 6.80 (d, J = 8.7 Hz, 2H, Ar-H), 6.66 (s, 

2H, Ar-H), 3.99 (s, 1H, CH-N-R), 3.83 (s, 6H, OCH3), 3.76 (s, 3H, OCH3), 3.75 (s, 3H, 

OCH3), 2.43 (s, 2H, CH2), 2.37 (s, 2H, CH2), 1.76 (d, J = 2.9 Hz, 4H, CH2). 13C NMR 
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(101 MHz, CDCl3) δ 158.45 (C-O), 153.05 (2xC-O), 136.51 (2xC), 136.05 (C-O), 128.37 

(2xCH), 113.66 (2xCH), 104.04 (2xCH), 76.02 (CH-N-R), 60.73 (OCH3), 56.08 

(2xCH2), 55.15 (OCH3), 53.66 (2xOCH3), 23.51 (2xCH2). LRMS (EI): found 358.17 

(M+H)+; C21H28NO4 requires 358.20.  

1-((4-Methoxyphenyl)(phenyl)methyl)-4-phenylpiperazine (27a): As per general 

method E, compound 12e (1 eq, 2.14 mmol, 0.5 g) was initially treated with thionyl 

chloride (5 eq) in dry DCM (30 mL) for 12 h. followed by reaction with phenylpiperazine 

(5 eq, 10.74 mmol, 1.74 g 1.64 mL) in dry ACN (50 mL) and refluxed for 12 h. The 

crude product was purified via flash column chromatography (eluent: n-hexane/ethyl 

acetate 1:1), to afford a white solid, 54 %, 0.41 g, Mp. 130-145 oC [35] (HPLC 97%). IR: 

νmax (ATR) cm-1: 3056, 3026, 2933, 2806, 2766, 2038, 1784, 1640, 1608, 1583. 1H NMR 

(400 MHz, CDCl3) δ 2.51 - 2.57 (m, 4 H, CH2), 3.15 - 3.21 (m, 4 H, CH2), 3.75 (s, 3 H, 

OCH3), 4.21 (s, 1 H, CH-N-R), 6.82 (d, J=8.29 Hz, 2 H, Ar-H), 6.89 (d, J=8.29 Hz, 2 H, 

Ar-H), 7.17 (s, 1 H, Ar-H), 7.22 - 7.29 (m, 5 H, Ar-H), 7.34 (d, J=8.71 Hz, 2 H, Ar-H), 

7.43 (d, J=7.46 Hz, 2 H, Ar-H). 13C NMR (101 MHz, CDCl3) δ 49.20 (2xCH2), 51.91 

(2xCH2), 55.19 (OCH3), 75.48 (CH-N-R), 113.88 (2xCH), 115.77 (2xCH), 119.42 (CH), 

126.85 (CH), 127.75 (2xCH), 128.49 (2xCH), 128.92 (2xCH), 129.03 (2xCH), 134.75 

(C), 143.01 (C), 151.31 (C), 158.55 (C-O). LRMS (EI): found 359.14 (M+H)+; 

C24H27N2O requires 359.21.  

1-Benzyl-4-((4-methoxyphenyl)(phenyl)methyl)piperazine (27b): As per general 

method E, compound 12e (1 eq, 1.63 mmol, 0.38 g) was reacted with benzylpiperazine (5 

eq, 8.16 mmol, 1.43 g 1.41 mL) in dry ACN (50 mL) at reflux for 12 h. The crude 

product was purified via flash column chromatography (eluent: n-hexane/ethyl acetate 

1:1) to afford a brown oil, 43%, 0.26 g, (HPLC 99%). IR: νmax (ATR) cm-1: 3060, 3026, 

2933, 2806, 1608, 1508, 1451, 1244, 1173, 1134, 1031. 1H NMR (400 MHz, CDCl3) δ 

2.39 - 2.56 (m, 8 H, CH2), 3.55 (s, 2 H, CH2), 3.77 (s, 3 H, OCH3), 4.22 (s, 1 H, CH-N-

R), 6.80 - 6.85 (m, 2 H, Ar-H), 7.15 - 7.21 (m, 1 H, Ar-H), 7.28 - 7.30 (m, 2 H, Ar-H), 

7.31 - 7.35 (m, 6 H, Ar-H), 7.40 - 7.44 (m, 3 H, Ar-H). 13C NMR (101 MHz, CDCl3) δ 

51.82 (2xCH2), 53.33 (2xCH2), 55.18 (OCH3), 63.04 (CH2), 75.48 (CH-N-R), 113.79 

(2xCH), 126.74 (CH), 127.01 (CH), 127.82 (2xCH), 128.16 (2xCH), 128.40 (2xCH), 
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128.98 (2xCH), 129.30 (2xCH), 134.90 (C), 137.92 (C), 143.14 (C), 158.46 (C-O). 

LRMS (EI): found 373.15 (M+H)+; C25H29N2O requires 373.23.  

1-Benzyl-4-((4-methoxyphenyl)(3,4,5-trimethoxyphenyl)methyl)piperazine (27d): As 

per general method E, compound 15c (1 eq, 0.86 mmol, 0.28 g) was treated with excess 

thionyl chloride, then reacted with 1-benzylpiperazine (5 eq, 3.71 mmol, 0.65 g, 0.64 mL) 

in dry ACN (40 mL) and refluxed for 12 h under nitrogen atmosphere. The crude product 

was purified via flash chromatography (eluent: n-hexane/ethyl acetate 1:1), to afford a 

red oil, 69%, 0.23 g, (HPLC 100%). IR: νmax (ATR) cm-1: 2954, 2812, 1598, 1505, 1450, 

1419, 1300, 1230, 1031, 1004, 927, 839, 784, 756, 726, 697, 586, 571. 1H NMR (400 

MHz, CDCl3) δ 7.28 - 7.30 (m, 7 H, Ar-H), 6.81 (d, J = 8.7 Hz, 2 H, Ar-H), 6.64 (s, 2 H, 

Ar-H), 4.09 (s, 1 H, CH), 3.82 (s, 6 H, OCH3), 3.78 (s, 3 H, OCH3), 3.73 (s, 3 H, OCH3), 

3.50 (s, 2 H, CH2), 2.47 (s(br), 8 H, 4xCH2). 13C NMR (101 MHz, CDCl3) δ 158.54 (C-

O), 153.11 (2xC-O), 138.86 (C), 137.81 (C), 136.58 (C-O), 134.56 (C), 129.27 (2xCH), 

128.90 (2xCH), 128.14 (2xCH), 127.01 (CH), 113.75 (2xCH), 104.47 (2xCH), 75.57 

(CH), 63.00 (CH2), 60.74 (OCH3), 56.07 (2xOCH3), 55.15 (OCH3), 53.29 (2xCH2), 51.76 

(2xCH2). LRMS (EI): found 463.15 (M+H)+; C28H35N2O4 requires 463.26.  

1-((4-Methoxyphenyl)(3,4,5-trimethoxyphenyl)methyl)-4-(p-tolyl)piperazine (27f): 

As per general method E, compound 15c (1 eq, 0.74 mmol, 0.24 g) was treated with 

excess thionyl chloride, then reacted with 1-(4-methylphenyl)piperazine (5 eq, 3.71 

mmol, 0.92 g) in dry ACN (40 mL) and refluxed for 12 h under nitrogen. The crude 

product was purified via flash chromatography (eluent: n- hexane/ethyl acetate 1:1), to 

afford a yellow oil, 6%, 0.02 g, (HPLC 91%). IR: νmax (ATR) cm-1: 2936, 2832, 1589, 

1508, 1452, 1417, 1330, 1229, 1123, 1004. 1H NMR (400 MHz, CDCl3) δ 2.25 (s, 3 H, 

CH3), 2.50 - 2.59 (m, 4 H, CH2), 3.11 - 3.14 (m, 4 H, CH2), 3.76 (s, 3 H, OCH3), 3.78 (s, 

3 H, OCH3), 3.83 (s, 6H, OCH3), 4.12 (s, 1 H, CH-N-R), 6.67 (s, 2 H , Ar-H), 6.80 - 6.84 

(m, 4 H, Ar-H), 7.05 (d, J=8.29 Hz, 2 H, Ar-H), 7.33 (d, J=8.71 Hz, 2 H, Ar-H). 13C 

NMR (101 MHz, CDCl3) δ 158.64 (C), 153.19 (2xC), 138.76 (C), 136.65 (C), 134.43 

(C), 129.57 (2xCH), 128.89 (2xCH), 116.10 (2xCH), 113.85 (2xCH), 104.39 (2xCH), 

75.56 (CH-N-R), 60.76 (OCH3), 56.07 (2xOCH3), 55.18 (OCH3), 51.88 (2xCH2), 49.76 

(2xCH2), 20.38 (CH3). LRMS (EI): found 463.13 (M+H)+; C28H35N2O4 requires 463.26.  
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2-Methoxyphenyl 2-chloroacetate (22c): To a chilled solution of 2-methoxyphenol (1 

eq, 12.08 mmol, 1.5 g) and triethylamine (12.08 mmol, 1.22 g, 1.7 mL) in diethyl ether 

(50 mL) chloroacetyl chloride (1.1 eq, 13.28 mmol, 1.5 g 1.07 mL) was added and the 

mixture was stirred at RT for 1 h. After completion the mixture was diluted with more 

diethyl ether and washed with HCl 1M (20 mL) and NaHCO3 (20 mL) dried over sodium 

sulphate, and concentrated. No further purification was required. Yield: 78% (1.88 g) 

brown solid Mp: 65-69 °C [26]. 1H NMR (400 MHz, CDCl3) δ 7.22 (dd, J = 1.6, 0.8 Hz, 

1H, Ar-H), 7.05 (dd, J = 7.9, 1.7 Hz, 1H, Ar-H), 6.96 (td, J = 7.7, 1.3 Hz, 2H, Ar-H), 

4.33 (s, 2H, CH2), 3.82 (s, 3H, OCH3). 13C NMR (101 MHz, CDCl3) δ 165.40 (C=O), 

150.79 (C-O), 139.28 (C-O), 127.39 (CH), 122.37 (CH), 120.76 (CH), 112.50 (CH), 

55.85 (OCH3), 40.62 (CH2). LRMS (EI): found 201.16 (M+H)+; C9H735ClO3 requires 

201.03. IR: νmax (ATR) cm-1: 2948, 1769, 1639, 1605, 1584, 1501, 1443, 1409, 1314, 

1281, 1258, 1229, 1173, 1013, 1002, 955, 925, 872, 833, 687, 633, 576. 

2-Methoxy-5-(3,4,5-trimethoxybenzoyl)phenyl 2-chloroacetate (23c): 2-

Methoxyphenyl 2-chloroacetate (22c) (1 eq, 4.6 mmol, 0.921 g) was reacted with 3,4,5-

trimethoxybenzoic acid (1.5 eq, 6.8 mmol, 1.44 g) in Eaton’s reagent (0.65 g P2O5 / 3.8 

mL CH3SO3H). The mixture was stirred at 60 °C for 6 h under N2. The product was 

diluted in DCM (60 mL) and poured into a separatory funnel containing NaHCO3 50% 

(40 mL) and extracted. The crude product was purified via flash chromatography (eluent: 

n-hexane/ethyl acetate 3:7). Yield: 17% (0.63 g) white crystals Mp: 158-161°C [26]. 1H 

NMR (400 MHz, CDCl3) δ 7.77 (dd, J = 8.6, 2.1 Hz, 1H, Ar-H), 7.60 (d, J = 2.1 Hz, 1H, 

Ar-H), 7.05 (d, J = 8.6 Hz, 1H, Ar-H), 7.01 (s, 2H Ar-H), 4.34 (s, 2H, CH2), 3.92 (s, 3H, 

OCH3), 3.92 (s, 3H, OCH3), 3.87 (s, 6H, OCH3). 13C NMR (101 MHz, CDCl3) δ 193.50 

(C=O), 165.35 (C=O), 154.40 (C-O), 152.88 (C-O), 141.80 (2xC-O), 138.71 (C), 132.62 

(C), 130.36 (C), 130.18 (CH), 124.79 (CH), 111.67 (CH), 107.39 (2xCH), 60.94 (OCH3), 

56.30 (2xOCH3), 56.19 (OCH3), 40.48 (CH2). LRMS (EI): found 394.26 (M+Na)+; 

C19H1935ClO7 requires 394.14. IR: νmax (ATR) cm-1: 3067, 2939, 1783, 1639, 1604, 1581, 

1505, 1460, 1443, 1408, 1229, 1108, 1166, 1020, 953, 870, 832, 817, 760, 612. 

(3-Hydroxy-4-methoxyphenyl)(3,4,5-trimethoxyphenyl)methanone, Phenstatin (7a): 

2-Methoxy-5-(3,4,5-trimethoxybenzoyl)phenyl 2-chloroacetate (23c) (1 eq, 1.28 mmol, 

0.51 g) was reacted with sodium acetate (4.5 eq, 5.76 mmol, 0.47 g) in methanol (10 mL) 
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at reflux for 2 h. After cooling the mixture was concentrated under reduced pressure. 

Distilled water was added to the residue and the resulting precipitate was filtered and 

recrystallized from ethanol. Yield: 89% (0.361 g) white solid Mp: 152-156 °C [26]. 1H 

NMR (400 MHz, CDCl3) δ 7.42 (d, J = 2.1 Hz, 1H, Ar-H), 7.37 (dd, J = 8.3, 2.1 Hz, 1H, 

Ar-H), 7.01 (s, 2H, Ar-H), 6.90 (d, J = 8.4 Hz, 1H, Ar-H), 3.96 (s, 3H, OCH3), 3.91 (s, 

3H, OCH3), 3.86 (s, 6H, OCH3). 13C NMR (101 MHz, CDCl3) δ 194.63 (C=O), 152.75 

(2xC-O), 150.17 (C-O), 145.29 (C-OH), 141.61 (C-O), 133.13 (C), 131.03 (C), 123.61 

(CH), 116.19 (CH), 109.66 (CH), 107.49 (2xCH), 60.93 (OCH3), 56.28 (2xOCH3), 56.07 

(OCH3). LRMS (EI): found 319.37 (M+H)+; C17H19O6 requires 319.12. IR: νmax (ATR) 

cm-1: 3249, 3003, 2840, 1632, 1578, 1505, 1443, 1414, 1331, 1236, 1222, 1118, 1002, 

931, 892, 870, 758, 736, 670, 639, 576. 

5-(Hydroxy(3,4,5-trimethoxyphenyl)methyl)-2-methoxyphenol (15i) : As per general 

method A, compound (23c) (1 eq, 1.10 mmol, 0.35 g)  was dissolved in methanol and 

cooled to 0°C. Sodium borohydride (2 eq, 2.2 mmol, 0.08 g) was added in small portions 

and the mixture was stirred until the reaction was complete from TLC. HCl (10%) was 

added and the solvent was evaporated under reduced pressure. The product was re-

dissolved in ethyl acetate (30 mL) and washed with water (20 mL) and brine (10 mL), 

dried over sodium sulphate, filtered and concentrated under reduced pressure. Yield: 96% 

(0.33 g) white solid Mp: 143-146 °C [22]. 1H NMR (400 MHz, CDCl3) δ 6.91 (d, J = 1.6 

Hz, 1H, Ar-H), 6.83 (d, J = 1.8 Hz, 1H, Ar-H), 6.82 (s, 1H, Ar-H), 6.56 (s, 2H, Ar-H), 

5.07 (s, 1H, CH-OH), 3.87 (s, 3H, OCH3), 3.83 (s, 6H, OCH3), 3.81 – 3.81 (m, 3H, 

OCH3). 13C NMR (101 MHz, CDCl3) δ 153.18 (2xC-O), 145.98 (C-O), 145.53 (C-O), 

137.83 (C-O), 137.07 (C), 135.22 (C), 118.59 (CH), 113.23 (CH), 110.38 (CH), 103.60 

(2xCH), 85.05 (CH), 60.77 (OCH3), 56.97 (2xOCH3), 56.06 (OCH3). LRMS (EI): Found 

343.36 (M+Na)+; C17H20NaO6 requires 343.12. IR: νmax (ATR) cm-1:3431, 2937, 2837, 

1590, 1507, 1459, 1438, 1420, 1327, 1264, 1225, 1119, 1086, 1001, 950, 910, 883, 824, 

785, 761, 705, 627, 559. 

General method D: 1,1-Diarylmethylpyrrolidines and piperidines 

The reduced benzhydryl alcohols (1 eq) were reacted with thionyl chloride (5 eq) in dry 

DCM (30 mL) for 12 h. The reaction mixture was concentrated under reduced pressure 

and the crude product was used in the next step without any further purification. The 
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chlorinated benzhydryl alcohol was reacted with pyrrolidine or piperidine (5 eq) in dry 

ACN (30 mL) and refluxed for 12 h. The solvent was removed and the residue dissolved 

in DCM (50 mL) and washed with 1 M NaOH (30 mL). The organic phase was dried 

over sodium sulphate, filtered and concentrated. The crude product was then purified via 

flash chromatography in n-hexane/ethyl acetate. 

1-((4-Fluorophenyl)(phenyl)methyl)piperidine (26a): As per general method D, 

chlorinated (4-fluorophenyl)(phenyl)methanol (12d) (1 eq, 3.12 mmol, 0.69 g) of was 

reacted with piperidine (5 eq, 15.63 mmol, 1.33 g, 1.54 mL) in dry ACN (50 mL) at 

reflux for 12 h. The product did not require any further purification. Yield: 85% (0.7 g) 

orange solid Mp: 81-85 °C [27]. 1H NMR (400 MHz, CDCl3) δ 1.37 - 1.46 (m, 2 H, 

CH2), 1.52 - 1.58 (m, 4 H, CH2), 2.29 (br. s., 4 H, CH2), 4.21 (s, 1 H, CH)-N-R, 6.90 - 

6.97 (m, 2 H, Ar-H), 7.14 - 7.19 (m, 1 H, Ar-H), 7.24 - 7.28 (m, 2 H, Ar-H), 7.31 - 7.39 

(m, 4 H, Ar-H). 13C NMR (101 MHz, CDCl3) δ 24.65 (CH2), 26.23 (2xCH2), 53.05 

(2xCH2), 75.82 (CH-N-R), 114.96 (CH), 115.17 (CH), 126.77 (CH), 127.91 (2xCH), 

128.35 (2xCH), 129.31 (CH), 129.39 (CH), 138.96 (C), 142.98 (C), 162.83 (C-F). HRMS 

(EI): found 270.1666 (M+H)+; C18H21FN requires 270.1658. IR: νmax (ATR) cm-1: 2962, 

2932, 2789, 2752, 1604, 1506, 1491, 1450, 1388, 1303, 1223, 1162, 1109, 1092, 1066, 

991, 873, 847, 796, 720, 695. 

1-((4-Methoxyphenyl)(phenyl)methyl)piperidine (26c): As per general method D, 

chlorinated (4-methoxyphenyl)(phenyl)methanol (12e) (1 eq, 2.44 mmol, 0.57 g) was 

reacted with piperidine (5 eq, 12.24 mmol, 1.04 g 1.2 mL) in dry ACN (50 mL) at reflux 

for 12 h. The product did not require any further purification. Yield: 91 % (0.62 g) brown 

oil [28]. 1H NMR (400 MHz, CDCl3) δ 7.38 (dd, J = 8.2, 1.1 Hz, 2H, Ar-H), 7.29 (d, J = 

8.7 Hz, 2H, Ar-H), 7.26 - 7.22 (m, 2H, Ar-H), 7.16 (d, J = 7.3 Hz, 1H, Ar-H), 6.80 (d, J = 

8.8 Hz, 2H, Ar-H), 4.17 (s, 1H, CH-N-R), 3.74 (s, 3H, OCH3), 2.30 (s, 4H, CH2), 1.57 – 

1.53 (m, 4H, CH2), 1.44 – 1.40 (m, 2H, CH2). 13C NMR (101 MHz, CDCl3) δ 24.70 

(CH2), 26.25 (2xCH2), 53.09 (2xCH2), 55.15 (OCH3), 75.95 (CH-N-R), 113.63 (2xCH), 

126.51 (CH), 127.85 (2xCH), 128.25 (2xCH), 128.99 (2xCH), 135.33 (C), 143.59 (C), 

158.30 (C-O). LRMS (EI): found 282.15 (M+H)+; C19H24NO requires 281.18. IR: νmax 

(ATR) cm-1: 3026, 2930, 2852, 2750, 1609, 1508, 1493, 1451, 1440, 1300, 1243, 1212, 

1174, 1034, 992, 872, 843, 817, 738, 698, 601, 570. 
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1-((4-Nitrophenyl)(phenyl)methyl)pyrrolidine (25a): As per general method D, 

chlorinated (4-nitrophenyl)(phenyl)methanol (12b) (1 eq, 4.53 mmol, 1.24 g) was reacted 

with pyrrolidine (5 eq, 22.69 mmol, 1.61 g 1.86 mL) in dry ACN (50 mL) at reflux for 12 

h. The crude product was purified via flash chromatography (eluent: n-hexane/ethyl 

acetate 7:3). Yield: 23% (0.29 g) orange solid Mp: 70-72 ° C [29]. 1H NMR (400 MHz, 

CDCl3) δ 1.75 - 1.80 (m, 4 H, 2xCH2), 2.37 - 2.44 (m, 4 H, 2xCH2), 4.26 (s, 1 H, CH-N-

R), 7.17 - 7.19 (m, 1 H, Ar-H), 7.27 (d, J=7.32 Hz, 2 H, Ar-H), 7.40 (d, J=7.32 Hz, 2 H, 

Ar-H), 7.63 (d, J=8.55 Hz, 2 H, Ar-H), 8.12 (d, J=9.16 Hz, 2 H, Ar-H). 13C NMR (101 

MHz, CDCl3) δ 23.54 (2xCH2), 53.46 (2xCH2), 75.72 (CH), 123.81 (2xCH), 127.48 

(2xCH), 128.12 (4xCH), 128.70 (CH), 146.81 (2xC), 151.83 (C-NO2). HRMS (EI): found 

283.1441 (M+H)+; C17H19N2O2 requires 283,1446. IR: νmax (ATR) cm-1: 3057, 2963, 

2768, 1606, 1592, 1518, 1488, 1450, 1341, 1194, 1128, 920, 756, 742, 691. 

1-((4-Methoxyphenyl)(phenyl)methyl)pyrrolidine (25d): As per general method D, 

chlorinated (4-methoxyphenyl)(phenyl)methanol (9) (1 eq, 1.07 mmol, 0.25 g) was 

reacted with pyrrolidine (5 eq, 5.38 mmol, 0.38 g 0.45 mL) in dry ACN (50 mL) at reflux 

for 12 h. The product did not require any further purification. Yield: 83% (0.23 g) brown 

oil [30]. 1H NMR (400 MHz, CDCl3) δ 7.42 (d, J = 7.4 Hz, 2H, Ar-H), 7.34 (d, J = 8.7 

Hz, 2H, Ar-H), 7.23 (d, J = 7.8 Hz, 2H, Ar-H), 7.13 – 7.15 (m, 1H, Ar-H), 6.78 (d, J = 

8.6 Hz, 2H, Ar-H), 4.09 (s, 1H, CH-N-R), 3.73 (s, 3H, OCH3), 2.42 – 2.36 (m, 4H, CH2), 

1.75 (dd, J = 6.4, 3.4 Hz, 4H, CH2). 13C NMR (101 MHz, CDCl3) δ 158.33 (C-O), 144.61 

(C), 136.63 (C), 128.43 (2xCH), 128.29 (2xCH), 127.32 (2xCH), 126.60 (CH), 113.65 

(2xCH), 75.74 (CH-N-R), 55.15 (2xCH2), 53.63 (OCH3), 23.50 (2xCH2). HRMS (EI): 

found 268.1692 (M+H)+; C18H22NO requires 268.1701. IR: νmax (ATR) cm-1: 3098, 3039, 

2951, 1638, 1600, 1507, 1417, 1304, 1286, 1243, 1173, 1116, 1027, 966, 843, 724, 698. 

1-(Bis(4-chlorophenyl)methyl)pyrrolidine (25e): As per general method D, chlorinated 

bis(4-chlorophenyl)methanol (12f) (1 eq, 2.7 mmol, 0.752 g) was reacted with 

pyrrolidine (5 eq, 13.5 mmol, 0.96 g 1.1 mL) in dry ACN (50 mL) at reflux for 12 h. The 

crude product was purified via flash chromatography (eluent: n-hexane/ethyl acetate 9:1). 

Yield: 89% (0.739 g) orange solid Mp: 69-70 °C [31]. 1H NMR (400 MHz, CDCl3) δ 

1.74 – 1.76 (m, 4 H, CH2), 2.32 - 2.40 (m, 4 H, CH2), 4.10 (s, 1 H, CH-N-R), 7.21 (d, 

J=8.55 Hz, 4 H, Ar-H), 7.33 (d, J=7.93 Hz, 4 H, Ar-H). 13C NMR (101 MHz, CDCl3) δ 
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23.52 (2xCH2), 53.45 (2xCH2), 74.87 (CH-N-R), 128.63 (4xCH), 128.65 (4xCH), 132.59 

(2xC-Cl), 142.40 (2xC). HRMS (EI): found 306.0816 (M+H)+; C17H1835Cl2N requires 

306.0816 IR: νmax (ATR) cm-1: 2963, 2879, 2797, 1593, 1487, 1406, 1324, 1285, 1125, 

1084, 1013, 804. 

1-(Phenyl(p-tolyl)methyl)pyrrolidine (25f): As per general method D, chlorinated 

phenyl(p-tolyl)methanol (12g) (1 eq, 3.27 mmol, 0.71 g) was reacted with pyrrolidine (5 

eq, 16.35 mmol, 1.16 g, 1.34 mL) in dry ACN (50 mL) at reflux for 12 h. The crude 

product was purified via flash chromatography (eluent: n-hexane/ethyl acetate 9:1). 

Yield: 57% (0.47 g) pale yellow solid Mp: 62-64 °C [29]. 1H NMR (400 MHz, CDCl3) δ 

1.70 - 1.79 (m, 4 H, CH2), 2.26 (s, 3 H, CH3), 2.39 – 2.43 (m, 4 H, CH2), 4.10 (s, 1 H, 

CH-N-R), 7.05 (d, J=7.93 Hz, 2 H, Ar-H), 7.10 - 7.15 (m, 1 H, Ar-H), 7.20 - 7.23 (m, 2 

H, Ar-H), 7.32 (d, J=7.93 Hz, 2 H, Ar-H), 7.42 (d, J=7.32 Hz, 2 H, Ar-H). 13C NMR (101 

MHz, CDCl3) δ 21.02 (CH3), 23.53 (2xCH2), 53.67 (2xCH2), 76.21 (CH-N-R), 126.65 

(CH), 127.35 (2xCH), 127.41 (2xCH), 128.32 (2xCH), 129.02 (2xCH), 136.27 (C-CH3), 

141.41 (C), 144.56 (C). HRMS (EI): found 252.1751 (M+H)+; C18H22N requires 

252.1752. IR: νmax (ATR) cm-1: 3025 (C-H stretch of the aromatics), 2965, 2791, 1511, 

1490, 1451, 1363, 1279, 1198, 1124, 895, 799, 740, 719, 695. 

General method E: Benzhydryl-1H-imidazole derivatives 

To a solution of the specific secondary alcohol (1 eq,) in acetonitrile (60 mL) CDI was 

added (1.3 eq,). The mixture was refluxed for 3 h, the acetonitrile was evaporated and the 

crude product was re-dissolved in DCM (30 mL) and washed with water (20 mL) and 

brine (10 mL). The product was dried over sodium sulphate, filtered and concentrated 

under reduced pressure. The crude product was purified via flash chromatography (n-

hexane/ethyl acetate 1:1) over silica gel to afford the desired product. 

1-Benzhydryl-1H-imidazole (20a): As per general method E, diphenylmethanol (12a) (1 

eq, 2.93 mmol, 0.54 g) was reacted with CDI (1.3 eq, 3.8 mmol, 0.61 g) in dry ACN (50 

mL) at reflux for 3 h under N2. The crude product was then purified via flash 

chromatography (eluent: n-hexane/ethyl acetate 1:1). Yield: 20% (0.132 g) pale yellow 

solid Mp: 112-118 °C [32]. HPLC purity: 96%. 1H NMR (400 MHz, CDCl3) δ 5.31 (s, 1 

H, CH-N-R), 7.06 (s, 1 H, CH-N), 7.10 (s, 1 H, Ar-H), 7.36 - 7.42 (m, 9 H, Ar-H), 7.51 

(s, 1 H, CH-N), 8.23 (s, 1 H, CH-N). 13C NMR (101 MHz, CDCl3) δ 81.21 (CH-N-R), 
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117.16 (CH-N), 126.96 (2xCH), 127.13 (4xCH), 128.70 (CH-N), 128.80 (4xCH), 137.11 

(2xC&CH-N). HRMS (EI): found 235.1229 (M+H)+; C16H15N2 requires 235.1235 IR: 

νmax (ATR) cm-1: 3132, 3063, 2972, 1749, 1494, 1454, 1395, 1318, 1294, 1253, 1175, 

999, 922, 840, 766, 655. 

1-((4-Nitrophenyl)(phenyl)methyl)-1H-imidazole (20b): As per general method E, (4-

nitrophenyl)(phenyl)methanol (12b) (1 eq, 1.74 mmol, 0.40 g) was reacted with CDI (1.3 

eq, 2.26 mmol, 0.36 g) in dry ACN (50 mL) at reflux for 3 h under N2. The crude product 

was then purified via flash chromatography (eluent: n-hexane/ethyl acetate gradient 1:1 

to 4:6). Yield: 53% (0.252 g) yellow oil [28]. 1H NMR (400 MHz, CDCl3) δ 7.10 (s, 1 H, 

CH-N-R), 7.13 (s, 1 H, CH-N), 7.38 - 7.45 (m, 5 H, Ar-H), 7.51 (s, 1 H, CH-N), 7.58 - 

7.60 (m, 2 H, Ar-H), 8.23 (s, 1 H, CH-N), 8.27 (m, J=8.54 Hz, 2 H, Ar-H). 13C NMR 

(101 MHz, CDCl3) δ 80.31 (CH-N-R), 121.07 (CH-N), 123.90 (2xCH), 127.04 (CH), 

127.16 (CH-N), 127.50 (2xCH), 128.95 (2xCH), 128.98 (2xCH), 137.86 (CH-N, C), 

146.24 (C), 147.64 (C-NO2). HRMS (EI): found 280.1074 (M+H)+; C16H14N3O2 requires 

280.1086 IR: νmax (ATR) cm-1: 3083, 2910, 2844, 1748, 1607, 1516, 1345, 1241, 1184, 

1078, 988, 951, 936, 892, 842, 826, 743, 698. 

1-(Bis(4-Chlorophenyl)methyl)-1H-imidazole (20f): As per general method E, bis(4-

chlorophenyl)methanol (12f) (1 eq, 1.4 mmol, 0.35 g) was reacted with CDI (1.3 eq, 1.83 

mmol, 0.29 g) in dry ACN (50 mL) at reflux for 3 h under N2. The crude product was 

then purified via flash chromatography (eluent: n-hexane/ethyl acetate 1:1). Yield: 47% 

(0.2 g) white solid Mp: 154-158 °C [31]. HLPC purity: 98% 1H NMR (400 MHz, CDCl3) 

δ 6.96 (s, 1 H, CH-N-R), 7.08 (s, 1 H, N-CH), 7.28 (d, J=7.93 Hz, 4 H, Ar-H), 7.36 (d, 

J=8.54 Hz, 4 H, Ar-H), 7.45 (s, 1 H, N-CH), 8.17 (s, 1 H, N-CH). 13C NMR (101 MHz, 

CDCl3) δ 79.85 (CH-N-R), 117.09 (CH-N), 128.29 (4xCH), 128.49 (CH-N), 128.90 

(4xCH), 131.00 (2xC-Cl), 134.42 (2xC), 137.36 (CH-N). HRMS (EI): found 303.0453 

(M+H)+; C16H1335Cl2N2 requires 303.0456 IR: νmax (ATR) cm-1: 3125, 3017, 2790, 2862, 

2682, 1747, 1541, 1490, 1260, 1088, 1054, 973. 

General procedure F: Diarylmethanones 23a, 23b. 

Eaton’s reagent: Phosphorus pentoxide (P2O5) and methanesulfonic acid (CH3SO3H) (in 

a weight ratio P2O5:CH3SO3H 1:10) were mixed in a round bottomed flask and heated at 

40 °C under nitrogen atmosphere until complete homogeneity. Carboxylic acid (1.5 eq,) 
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and aromatic derivative (1.0 eq,) were then added to Eaton’s reagent. The mixture was 

heated at 60 °C under inert atmosphere for 3 h. After cooling to room temperature, the 

reaction medium was diluted with dichloromethane (60 mL) and carefully poured into a 

separatory funnel containing 50% aqueous solution of sodium bicarbonate (40 mL). The 

aqueous solution was extracted with dichloromethane, and the combined organic layers 

were dried over sodium sulphate, filtered and concentrated under reduced pressure. 

(4-Methoxyphenyl)(3,4,5-trimethoxyphenyl)methanone (23a): Anisole (1 eq, 7.0 

mmol, 0.75 g 0.75 mL) was reacted with 3,4,5-trimethoxybenzoic acid (1.5 eq, 10.5 

mmol, 2.23 g) in Eaton’s reagent (0.99 g P2O5 / 6.69 mL CH3SO3H). The mixture was 

stirred at 60 °C for 3 h under N2. The product was diluted in DCM (60 mL) and poured in 

a separatory funnel containing NaHCO3 50% (40 mL) and extracted. The crude product 

was purified via flash chromatography (eluent: n-hexane/ethyl acetate 5:4). Yield: 60% 

(1.26 g) pink solid Mp: 76-81 °C [21]. 1H NMR (400 MHz, CDCl3) δ 3.88 (s, 6 H, 

OCH3), 3.90 (s, 3 H, OCH3), 3.94 (s, 3 H, OCH3), 6.98 (d, J=8.53 Hz, 2 H, Ar-H), 7.02 

(s, 2 H, Ar-H), 7.83 (d, J=9.03 Hz, 2 H, Ar-H). 13C NMR (101 MHz, CDCl3) δ 55.46 

(OCH3), 56.25 (2xOCH3), 60.92 (OCH3), 107.40 (2xCH), 113.50 (2xCH), 130.23 (C), 

132.34 (2xCH), 133.30 (C), 141.54 (C-O), 152.78 (2xC-O), 163.08 (C-O), 194.61 (C=O). 

HRMS (EI): Found 325.1056 (M+Na)+; C17H18NaO5 requires 325.1052. IR: νmax (ATR) 

cm-1: 3401, 2951, 2837, 1641, 1600, 1510, 1494, 1445, 1332, 1305, 1233, 1250, 1111, 

1018, 1025, 922, 840, 696, 761, 738, 696, 611. 

(3,4-Dimethoxyphenyl)(3,4,5-trimethoxyphenyl)methanone (23b): 1,2-

Dimethoxybenzene (1 eq, 7.24 mmol, 1 g) was reacted with 3,4,5-trimethoxybenzoic acid 

(1.5 eq, 10.86 mmol, 2.30 g) in Eaton’s reagent (1.02 g P2O5 / 7.24 mL CH3SO3H). The 

mixture was stirred at 60 °C for 3 h under N2. The product was diluted in DCM (60 mL) 

and poured in a separatory funnel containing NaHCO3 50% (40 mL) and extracted. The 

crude product was purified via flash chromatography (eluent: n-hexane/ethyl acetate 5:4). 

Yield: 57% (1.37 g) orange solid Mp: 128-131 °C [22]. 1H NMR (400 MHz, CDCl3) δ 

3.89 (s, 6 H, OCH3), 3.94 (s, 3 H, OCH3), 3.95 (s, 3 H, OCH3), 3.98 (s, 3 H, OCH3), 6.92 

(d, J=8.29 Hz, 1 H, CH), 7.04 (s, 2 H, Ar-H), 7.40 (d, J=2.07 Hz, 1 H, Ar-H), 7.47 (d, 

J=2.07 Hz, 1 H, Ar-H). 13C NMR (101 MHz, CDCl3) δ 56.07 (2xOCH3), 56.30 

(2xOCH3), 60.96 (OCH3), 107.44 (2xCH), 109.76 (CH), 112.25 (CH), 125.04 (CH), 
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130.30 (2xC), 148.95 (2xC-O), 152.80 (3xC-O), 194.62 (C=O). HRMS (EI): Found 

333.1330 (M+H)+; C18H21O6 requires 333.1332. IR: νmax (ATR) cm-1: 2942, 1640, 1599, 

1576, 1411, 1330, 1256, 1232, 1118, 1026, 996, 865, 835, 763, 613. 
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