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Table S1. Reaction optimization of the synthesis of trifluoromethylated 1,2,4-triazoles 

3aa  

 
Entry Oxidant Time (h) Yieldb (%) 

1 NIS 1.5 83 
2 NBS 1.5 84 
3 TCCA 1 6 
4 TBHP 2 34 
5 BPO 2 15 
6 CuCl2 5 trace 

aReaction conditions: All reactions were carried out by using 0.2 mmol of 2a and 3.0 

mmol of oxidant in 2 mL of CH2Cl2 at 40 °C. bIsolated yields. 

 

Table S2. Reaction optimization of the synthesis of 

3-trifluoromethyl-[1,2,4]triazolo[1,5-a]pyrimidinesa 

 

Entry Cu catalysts Solvent Time
(h) 

Yieldb (%) 
 

1 CuI DMSO 2.5 20 
2 CuI DMF 0.5 78 
3 CuCl2 DMF 0.5 75 
4 CuBr2 DMF 2 41 
5 Cu(OAc)2 DMF 2 63 
6 CuI DMF 1.5 71 
7 Cu powder DMF 9 NR 

aReaction conditions: All reactions were carried out by using 0.2 mmol of 1aˊ, 2.5 

equiv. of cyanamide, 2.5 equiv. of Cs2CO3 and 0.15 equiv. of Cu catalysts in 2 mL of 

solvent at 150 oC under air atmosphere. bIsolated yields. 
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1H NMR (400 MHz) spectrum of 2a in DMSO-d6 
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13C{1H} NMR (150 MHz) spectrum of 2a in DMSO-d6 
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19F NMR (376 MHz) spectrum of 2a in DMSO-d6 

 

 

HRMS (ESI) copy of compound 2a 
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1H NMR (400 MHz) spectrum of 2b in DMSO-d6 
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13C{1H} NMR (150 MHz) spectrum of 2b in DMSO-d6 
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19F NMR (376 MHz) spectrum of 2b in DMSO-d6 

 

 

HRMS (ESI) copy of compound 2b 
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1H NMR (400 MHz) spectrum of 2c in DMSO-d6 
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13C{1H} NMR (150 MHz) spectrum of 2c in DMSO-d6 
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19F NMR (376 MHz) spectrum of 2c in DMSO-d6 

 

 
HRMS (ESI) copy of compound 2c 
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1H NMR (400 MHz) spectrum of 2d in DMSO-d6 
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13C{1H} NMR (150 MHz) spectrum of 2d in DMSO-d6 
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19F NMR (376 MHz) spectrum of 2d in DMSO-d6 

 

 

NMR copies of compound 2d 
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1H NMR (400 MHz) spectrum of 2e in DMSO-d6 
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13C{1H} NMR (150 MHz) spectrum of 2e in DMSO-d6 

 

 
19F NMR (376 MHz) spectrum of 2e in DMSO-d6 
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HRMS (ESI) copy of compound 2e 
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1H NMR (400 MHz) spectrum of 2f in DMSO-d6 
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13C{1H} NMR (150 MHz) spectrum of 2f in DMSO-d6 

 

 
19F NMR (376 MHz) spectrum of 2f in DMSO-d6 
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HRMS (ESI) copy of compound 2f 
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1H NMR (400 MHz) spectrum of 2g in DMSO-d6 
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13C{1H} NMR (150 MHz) spectrum of 2g in DMSO-d6 

 

 
19F NMR (376 MHz) spectrum of 2g in DMSO-d6 
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HRMS (ESI) copy of compound 2g 
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1H NMR (400 MHz) spectrum of 2h in DMSO-d6 
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13C{1H} NMR (150 MHz) spectrum of 2h in DMSO-d6 

 

 
19F NMR (376 MHz) spectrum of 2h in DMSO-d6 
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HRMS (ESI) copy of compound 2h 
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1H NMR (400 MHz) spectrum of 2i in DMSO-d6 
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13C{1H} NMR (150 MHz) spectrum of 2i in DMSO-d6 
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19F NMR (376 MHz) spectrum of 2i in DMSO-d6 
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HRMS (ESI) copy of compound 2i 
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1H NMR (400 MHz) spectrum of 2j in DMSO-d6 
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13C{1H} NMR (150 MHz) spectrum of 2j in DMSO-d6 

 

 
19F NMR (376 MHz) spectrum of 2j in DMSO-d6 
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HRMS (ESI) copy of compound 2j 
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1H NMR (400 MHz) spectrum of 2k in DMSO-d6 
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13C{1H} NMR (150 MHz) spectrum of 2k in DMSO-d6 
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19F NMR (376 MHz) spectrum of 2k in DMSO-d6 

 

 

HRMS (ESI) copy of compound 2k 
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1H NMR (400 MHz) spectrum of 2o in DMSO-d6 
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13C{1H} NMR (150 MHz) spectrum of 2o in DMSO-d6 
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19F NMR (376 MHz) spectrum of 2o in DMSO-d6 
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HRMS (ESI) copy of compound 2o 
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1H NMR (400 MHz) spectrum of 2p in DMSO-d6 
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13C{1H} NMR (150 MHz) spectrum of 2p in DMSO-d6 

 

 
19F NMR (376 MHz) spectrum of 2p in DMSO-d6 
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HRMS (ESI) copy of compound 2p 
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1H NMR (400 MHz) spectrum of 2q in DMSO-d6 
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13C{1H} NMR (150 MHz) spectrum of 2q in DMSO-d6 
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19F NMR (376 MHz) spectrum of 2q in DMSO-d6 

 

 

HRMS (ESI) copy of compound 2q 
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1H NMR (400 MHz) spectrum of 2r in DMSO-d6 
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13C{1H} NMR (150 MHz) spectrum of 2r in DMSO-d6 

 

 
19F NMR (376 MHz) spectrum of 2r in DMSO-d6 
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HRMS (ESI) copy of compound 2r 
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1H NMR (400 MHz) spectrum of 2t in DMSO-d6 
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13C{1H} NMR (150 MHz) spectrum of 2t in DMSO-d6 
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19F NMR (376 MHz) spectrum of 2t in DMSO-d6 

 

 

HRMS (ESI) copy of compound 2t 
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1H NMR (400 MHz) spectrum of 2u in DMSO-d6 

 

 
13C{1H} NMR (150 MHz) spectrum of 2u in DMSO-d6 
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19F NMR (376 MHz) spectrum of 2u in DMSO-d6 
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HRMS (ESI) copy of compound 2u 
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1H NMR (400 MHz) spectrum of 2v in DMSO-d6 
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13C{1H} NMR (150 MHz) spectrum of 2v in DMSO-d6 

 

 
19F NMR (376 MHz) spectrum of 2v in DMSO-d6 
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HRMS (ESI) copy of compound 2v 
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1H NMR (400 MHz) spectrum of 2w in DMSO-d6 
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13C{1H} NMR (150 MHz) spectrum of 2w in DMSO-d6 

 

 
19F NMR (376 MHz) spectrum of 2w in DMSO-d6 
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HRMS (ESI) copy of compound 2w 
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1H NMR (400 MHz) spectrum of 2x in DMSO-d6 
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13C{1H} NMR (150 MHz) spectrum of 2x in DMSO-d6 

 

 
19F NMR (376 MHz) spectrum of 2x in DMSO-d6 
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HRMS (ESI) copy of compound 2x 
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1H NMR (400 MHz) spectrum of 3a in CDCl3 
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13C{1H} NMR (150 MHz) spectrum of 3a in CDCl3 
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19F NMR (376 MHz) spectrum of 3a in CDCl3 
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HRMS (ESI) copy of compound 3a 
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1H NMR (400 MHz) spectrum of 3b in CDCl3 
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13C{1H} NMR (150 MHz) spectrum of 3b in CDCl3 

 



 S71  

 
19F NMR (376 MHz) spectrum of 3b in CDCl3 

 

 

HRMS (ESI) copy of compound 3b 
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1H NMR (400 MHz) spectrum of 3c in CDCl3 
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13C{1H} NMR (150 MHz) spectrum of 3c in CDCl3 
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19F NMR (376 MHz) spectrum of 3c in CDCl3 

 

 

HRMS (ESI) copy of compound 3c 
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1H NMR (400 MHz) spectrum of 3d in DMSO-d6 

 

 
13C{1H} NMR (150 MHz) spectrum of 3d in DMSO-d6 
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19F NMR (376 MHz) spectrum of 3d in DMSO-d6 
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HRMS (ESI) copy of compound 3d 
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1H NMR (400 MHz) spectrum of 3e in DMSO-d6 
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13C{1H} NMR (150 MHz) spectrum of 3e in DMSO-d6 
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19F NMR (376 MHz) spectrum of 3e in DMSO-d6 
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HRMS (ESI) copy of compound 3e 

 

 



 S82  

 

 

 
1H NMR (400 MHz) spectrum of 3f in DMSO-d6 
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13C{1H} NMR (150 MHz) spectrum of 3f in DMSO-d6 
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19F NMR (376 MHz) spectrum of 3f in DMSO-d6 
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HRMS (ESI) copy of compound 3f 
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1H NMR (400 MHz) spectrum of 3g in CDCl3 

 

 
13C{1H} NMR (150 MHz) spectrum of 3g in CDCl3 
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19F NMR (376 MHz) spectrum of 3g in CDCl3 

 

 

HRMS (ESI) copy of compound 3g 
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1H NMR (400 MHz) spectrum of 3h in CDCl3 
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13C{1H} NMR (150 MHz) spectrum of 3h in CDCl3 

 

 
19F NMR (376 MHz) spectrum of 3h in CDCl3 
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HRMS (ESI) copy of compound 3h 
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1H NMR (400 MHz) spectrum of 4a in DMSO-d6 
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13C{1H} NMR (150 MHz) spectrum of 4a in DMSO-d6 

 

 
19F NMR (376 MHz) spectrum of 4a in DMSO-d6 
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HRMS (ESI) copy of compound 4a 
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1H NMR (400 MHz) spectrum of 4b in DMSO-d6 
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13C{1H} NMR (150 MHz) spectrum of 4b in DMSO-d6 

 

 
19F NMR (376 MHz) spectrum of 4b in DMSO-d6 
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HRMS (ESI) copy of compound 4b 
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1H NMR (400 MHz) spectrum of 4c in DMSO-d6 

 

 
13C{1H} NMR (150 MHz) spectrum of 4c in DMSO-d6 
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19F NMR (376 MHz) spectrum of 4c in DMSO-d6 

 
NMR copies of compound 4c 

: 
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1H NMR (400 MHz) spectrum of 4d in DMSO-d6 
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13C{1H} NMR (150 MHz) spectrum of 4d in DMSO-d6 

 

 
19F NMR (376 MHz) spectrum of 4d in DMSO-d6 
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NMR copies of compound 4d 
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1H NMR (400 MHz) spectrum of 4e in DMSO-d6 
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13C{1H} NMR (150 MHz) spectrum of 4e in DMSO-d6 
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19F NMR (376 MHz) spectrum of 4e in DMSO-d6 
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HRMS (ESI) copy of compound 4e 
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1H NMR (400 MHz) spectrum of 4f in DMSO-d6 

 

 
13C{1H} NMR (150 MHz) spectrum of 4f in DMSO-d6 
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19F NMR (376 MHz) spectrum of 4f in DMSO-d6 

 

 

HRMS (ESI) copy of compound 4f 
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X-ray Crystallographic Data of Compound 2w 

Thermal ellipsoids are set at a 50% probability level. Crystal data have been deposited 

to CCDC, number 2090350. 

Crystallization Details 

The obtained compound 2w (20 mg) was dissolved in MeOH (0.1 mL) in a NMR 

tube at room temperature. Then CH2Cl2 (3 mL) was added to the solution slowly 

along the tube wall, resulting in a two-phase mixture. The colorless crystal of 2w was 

formed after the two-phase mixture has diffused.  

Experimental 

A suitable crystal was selected and placed on a ROD, Synergy Custom system, 

HyPixdiffractometer. The crystal was kept at 149.98(10) K during data collection. 

Using Olex21, the structure was solved with the SHELXT2 structure solution program 

using Intrinsic Phasingand refined with the SHELXL3 refiement package using Least 

Squares minimisation. 

Crystal structure determination  

Crystal Data for C7H11F3N4O (M = 224.20 g/mol): triclinic, space group P-1 (no. 2), a = 

5.74722(9) Å, b = 7.76991(12) Å, c = 10.83508(18) Å, α = 81.6145(13) , β = 89.3269(13)°, γ = 

86.1828(13)°, V = 477.609(13) Å3, Z = 2, T = 149.98(10) K, μ (Cu Kα) = 1.309 mm-1, Dcalc = 

1.559 g/cm3, 10721 reflections measured (11.536° ≤ 2Θ ≤ 153.942°), 1882 unique (Rint = 0.0242, 

Rsigma = 0.0109) which were used in all calculations. The final R1 was 0.0374 (I > 2σ(I)) and wR2 

was 0.0960 (all data). 

Refinement model description 
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Number of restraints - 0, number of constraints - unknown. 

Details: 

1. Fixed Uiso 

 At 1.2 times of: 

  All C(H) groups 

2.a Ternary CH refined with riding coordinates: 

 C10(H10) 

3.b Aromatic/amide H refined with riding coordinates: 

 C2(H2), C5(H5), C6(H6), C8(H8), C9(H9), C13(H13), C14(H14), C15(H15), 

 C16(H16), C17(H17) 
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Table S3 Crystallographic Data of Compound 2w  

Empirical formula C7H11F3N4O 

Formula weight 224.20 

Temperature/K 149.98(10) 

Crystal system triclinic 

Space group P-1 

a/Å 5.74722(9) 

b/Å 7.76991(12) 

c/Å 10.83508(18) 

α/° 81.6145(13) 

β/° 89.3269(13) 

γ/° 86.1828(13) 

Volume/Å3 477.609(13) 

Z 2 

ρcalcg/cm3 1.559 

μ/mm-1 1.309 

F(000) 232.0 

Crystal size/mm3 0.18 × 0.15 × 0.12 

Radiation Cu Kα (λ = 1.54184) 

2Θ range for data collection/° 11.536 to 153.942 

Index ranges -6 ≤ h ≤ 7, -9 ≤ k ≤ 9, -13 ≤ l ≤ 12 

Reflections collected 10721 

Independent reflections 1882 [Rint = 0.0242, Rsigma = 0.0109] 

Data/restraints/parameters 1882/0/146 

Goodness-of-fit on F2 1.089 

Final R indexes [I>=2σ (I)] R1 = 0.0374, wR2 =0.0957 

Final R indexes [all data] R1 = 0.0380, wR2 = 0.0960 

Largest diff. peak/hole / e Å-3 0.34/-0.36 
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Table S4 Fractional Atomic Coordinates (×104) and Equivalent Isotropic 
Displacement Parameters (Å2×103) for Compound 3g. Ueq is defined as 1/3 of the 
trace of the orthogonalised UIJ tensor. 
Atom x y z U(eq) 
F(1) 8160.2(17) 1183.6(12) 9357.9(8) 37.3(3) 
F(2) 7271.7(16) -1018.2(11) 8499.9(8) 32.9(2) 
F(3) 4670.6(14) 1051.3(11) 8683.3(7) 30.0(2) 
O(1) 1308.4(16) 5059.1(13) 6035.8(9) 26.6(2) 
N(1) 6987.1(18) 3544.8(14) 7165.2(10) 21.5(3) 
N(2) 4864.1(18) 3766.1(13) 6460.8(10) 18.3(2) 
N(3) 6391.3(19) 1087.8(14) 6170.7(10) 21.2(3) 
N(4) 3075(2) 2220.0(15) 5008.6(11) 24.3(3) 
C(1) 6935(2) 709.8(17) 8438.5(13) 24.0(3) 
C(2) 7641(2) 1679.2(16) 7174.6(12) 20.9(3) 
C(3) 4749(2) 2280.8(16) 5842.0(11) 19.0(3) 
C(4) 3108(2) 4970.3(16) 6651.2(11) 18.7(3) 
C(5) 3427(2) 6132.2(17) 7633.8(13) 24.1(3) 
C(6) 2464(4) 5210(2) 8860.9(14) 43.6(4) 
C(7) 2138(3) 7899.4(18) 7254.9(14) 30.1(3) 
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Table S5 Anisotropic Displacement Parameters (Å2×103) for Compound 3g. The 

Anisotropic displacement factor exponent takes the form: -2 π

2[h2a*2U11+2hka*b*U12+…]. 

Atom U11 U22 U33 U23 U13 U12 
F(1) 48.1(6) 40.2(5) 24.2(5) -6.5(4) -13.5(4) -0.4(4) 
F(2) 43.0(5) 22.1(4) 32.0(5) -1.6(3) 1.7(4) 4.6(3) 
F(3) 30.9(4) 32.1(5) 25.8(4) -2.9(3) 7.4(3) 2.1(3) 
O(1) 22.8(5) 29.2(5) 29.6(5) -12.2(4) -6.5(4) 3.3(4) 
N(1) 17.9(5) 20.1(5) 27.5(6) -6.2(4) -4.1(4) -1.0(4) 
N(2) 18.7(5) 18.6(5) 18.6(5) -5.7(4) -1.2(4) -1.5(4) 
N(3) 25.7(6) 20.5(5) 17.9(5) -6.1(4) 0.3(4) 0.6(4) 
N(4) 29.0(6) 21.5(6) 23.8(6) -9.6(4) -6.1(5) 3.2(5) 
C(1) 26.7(7) 23.0(6) 22.5(7) -6.1(5) -3.4(5) 3.8(5) 
C(2) 19.7(6) 21.3(6) 22.5(6) -6.5(5) -0.5(5) 1.3(5) 
C(3) 23.5(6) 18.3(6) 15.9(6) -4.6(4) 3.9(5) -2.5(5) 
C(4) 19.9(6) 18.4(6) 18.1(6) -3.3(4) 2.0(5) -2.5(4) 
C(5) 23.7(6) 24.2(6) 26.9(7) -11.9(5) -2.2(5) 0.0(5) 
C(6) 74.3(13) 36.2(9) 20.9(8) -9.8(6) 3.2(7) 3.1(8) 
C(7) 33.3(7) 23.5(7) 35.2(8) -12.0(6) 4.1(6) 2.0(6) 

Table S6 Bond Lengths for Compound 2w. 

Atom Atom Length/Å   Atom Atom Length/Å 
F
(1) C

(1) 1.3347(15)   N(3) C(2) 1.4554(16) 
F
(2) C

(1) 1.3357(15)   N(3) C(3) 1.2930(17) 
F
(3) C

(1) 1.3422(16)   N(4) C(3) 1.3350(17) 
O
(1) C

(4) 1.2298(16)   C(1) C(2) 1.5277(19) 
N
(1) N

(2) 1.4340(14)   C(4) C(5) 1.5130(17) 
N
(1) C

(2) 1.4716(16)   C(5) C(6) 1.532(2) 
N
(2) C

(3) 1.4222(15)   C(5) C(7) 1.5200(19) 
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Table S7 Bond Angles for Compound 2w. 

Atom Atom Atom Angle/˚   Atom Atom Atom Angle/˚ 
N(2) N(1) C(2) 101.91(9)   N(3) C(2) N(1) 108.16(10) 
C(3) N(2) N(1) 107.36(9)   N(3) C(2) C(1) 110.61(10) 
C(4) N(2) N(1) 122.60(10)   N(3) C(3) N(2) 113.16(11) 
C(4) N(2) C(3) 128.06(11)   N(3) C(3) N(4) 126.38(12) 
C(3) N(3) C(2) 105.90(10)   N(4) C(3) N(2) 120.46(11) 
F(1) C(1) F(2) 107.59(11)   N(4) C(3) N(2) 120.46(11) 
F(1) C(1) F(3) 107.34(11)   N(4) C(3) N(2) 120.46(11) 
F(1) C(1) C(2) 110.89(11)   N(2) C(4) C(5) 118.66(11) 
F(2) C(1) F(3) 106.87(11)   C(4) C(5) C(6) 107.18(11) 
F(2) C(1) C(2) 112.42(11)   C(4) C(5) C(7) 110.03(11) 
F(3) C(1) C(2) 111.48(11)   C(7) C(5) C(6) 111.01(12) 
N(1) C(2) C(1) 107.85(10)       
 

Table S8 Torsion Angles for Compound 2w.  

A B C D Angle/˚  A B C D Angle/˚ 
F(1) C(1) C(2) N(1) -65.01(13) N(2) N(1) C(2) C(1) -100.81 
F(1) C(1) C(2) N(3) 176.90(10) N(2) C(4) C(5) C(6) -90.75(15) 
F(2) C(1) C(2) N(1) 174.51(10) N(2) C(4) C(5) C(7) 148.44(12) 
F(2) C(1) C(2) N(3) 56.41(14) C(2) N(1) N(2) C(3) -15.38(12) 
F(3) C(1) C(2) N(1) 54.53(14) C(2) N(1) N(2) C(4) 149.80(11) 
F(3) C(1) C(2) N(3) -63.56(14) C(2) N(3) C(3) N(2) 5.50(14) 
O(1) C(4) C(5) C(6) 88.08(16) C(2) N(3) C(3) N(4) -175.01(12)

O(1) C(4) C(5) C(7) -32.72(17) C(3) N(2) C(4) O(1) -16.17(19) 
N(1) N(2) C(3) N(3) 6.79(14) C(3) N(2) C(4) C(5) 162.70(12) 
N(1) N(2) C(3) N(4) -172.73(11) C(3) N(3) C(2) N(1) -15.57(13) 
N(1) N(2) C(4) O(1) -178.11(11) C(3) N(3) C(2) C(1) 102.33(12) 
N(1) N(2) C(4) C(5) 0.76(17) C(4) N(2) C(3) N(3) -157.33(12)

N(2) N(1) C(2) N(3) 18.84(12) C(4) N(2) C(3) N(4) 23.15(19) 
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Table S9 Hydrogen Atom Coordinates (Å×104) and Isotropic Displacement 

Parameters (Å2×103) for Compound 2w. 

Atom x y z U(eq) 
H(1) 8064.77 4271.4 6913.06 26 
H(4A) 2010(30) 3010(20) 4910(16) 26(4) 
H(4B) 3010(30) 1240(30) 4676(18) 33(5) 
H(2) 9360.96 1496.85 7048.24 25 
H(5) 5125.33 6288.54 7730.64 29 
H(6A) 826.75 4986.46 8748.85 65 
H(6B) 2577.71 5950.91 9513.18 65 
H(6C) 3369.98 4101.1 9105.85 65 
H(7A) 2762.02 8451.91 6459.87 45 
H(7B) 2346.88 8640.47 7898.42 45 
H(7C) 473.66 7745.15 7162.18 45 

 

 


