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Fluorowane pirazole  
strukturalny   i agrochemii. 
Pomimo  
istotne jest poszukiwanie nowych, prostych i wydajnych metod ich syntezy. 

 
reakcje kondensacji, cyklizacje indukowane kwasami, 
funkcjonalizacje  fragmentami fluoroalkilowymi oraz 
reakcje cykloaddycji. Swoje zainteresowania badawcze rozwijam poprzez 

 fluorowanych nitryloimin
 

W ramach dysertacji 1,3-dipolarny charakter 
nitryloimin w reakcjach (3+3)-annulacji z -merkaptoacetaldehydem, jako 
bezpiecznym zamiennikiem acetylenu,  oczekiwane 1-arylopirazole. 

funkcjonalizacji  w pozycjach 
, co   

szeregu pochodnych o potencjalnym zastosowaniu w medycynie. 

nnulacj   
-merkaptoacetaldehydu i generowanych in situ nitryloimin prowadz   

do 5,6-dihydro-5-hydroksy-4H-1,3,4-tiadiazyn, 
dehydratacji i kontrakcji  Odpowiednie 
4,5-niepodstawione pirazole otrzym  w wariancie one pot. 

studiowanej etoda jest 
skuteczna wobec niefluorowanych nitryloimin, pomimo istotnie odmiennych 

 elektronowych.  

Kolejny etap prac wykonanych w ramach niniejszej rozprawy 
selektywn   pirazolu w pozycjach C(4) i C(5).  



 
 

 
 

W tym celu  jod  
w reakcji indukowanej CAN, 

izomerycznych  
5-jodopochodnych 
atomu wodoru w pozycji C(5), w wyniku generowania in situ odpowiedniego 
anionu pirazol-5-

. Otrzymane jodki wykaz   
w i Suzuki-Miyaury 

 wybranych 
  (Mawakoksyb, Celekoksyb oraz SC-

560). 

opracowanie nowatorskiego 
a do syntezy CF3- azydk   

w pozycji C(5). Dalsze ich wykorzystanie w cykloaddycji azydkowo-alkinowej 
 (CuAAC) otw  -

triazolowych. W celu potwierdzenia wysokiego 
 alkilowych i (het)arylowych, jak 

 
w agresywnych warunkach utleniania i redukcji, co u i
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w sektorze farmaceutycznym oraz agrochemicznym. Pomimo wieloletnich  

rozwijania nowych, operacyjnie prostych oraz wydajnych metod ich 

m.in. reakcje kondensacji, cyklizacje, funkcjonali
cykloaddycji. Moje badania koncentr  

i funkcjonalnych 
 

Kluczowym elementem 
rozprawy doktorskiej -dipoli w reakcji 
(3+3)- -

1-

 
-

-dihydro-
5-hydroksy-4H-1,3,4-  
do dehydratacji  
otrzymanie 4,5-niepodstawionych pirazoli. Dodatkowo, oceni  

strategia one-pot 
alkilowych. 

Kolejny etap prac 

izomeryczne 5-jodopochodne otrzym  
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 z powodzeniem do syntezy 
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1. General information 

 
Experimental procedures: All commercially available starting materials were used as received. If not 
stated otherwise, reactions were carried out under inert atmosphere (argon), in flame-dried flasks; 
subsequent manipulations were conducted in air. DCM was dried over CaH2 and freshly distilled before 
use; THF was dried over sodium/benzophenone and freshly distilled before use; other anhydrous solvents 
(DCE, toluene) were purchased and used as received. Products were purified by filtration through short 
silica gel plug (flash CC) or by standard column chromatography (CC) on silica gel (230 400 mesh) by using 
freshly distilled solvents as eluents or by recrystallization from appropriate solvents. NMR spectra were 
taken on a Bruker AVIII instrument (1H at 600 MHz, 13C at 151 MHz, and 19F at 565 MHz); chemical shifts 
are reported relative to solvent residual peaks [for CDCl3: 1H NMR: = 7.26, 13C NMR: = 77.16; for DMSO-
d6: 1H NMR: = 2.50, 13C NMR: = 39.52]1 or to CFCl3 (19F NMR: = 0.00) used as external standard. 
Structural assignments were made with additional information from gCOSY, gHSQC, and gHMBC 
experiments. The IR spectra were taken with an Agilent Cary 630 FTIR spectrometer, in neat. ESI-MS were 
performed with a Varian 500-MS LC Ion Trap; high resolution MS (ESI-TOF) measurements were 
performed with a Synapt G2-Si mass spectrometer (Waters). Combustion analyses were obtained with a 
Vario EL III (Elementar Analysensysteme GmbH) instrument. Melting points were determined in capillaries 
with a MEL-TEMP apparatus (Laboratory Devices), and are uncorrected. 
 
Starting materials: The starting trifluoromethylated nitrile imine precursors, i.e. hydrazonoyl bromides 
2a-2p, were prepared according to general literature protocol, through NBS-mediated bromination of the 
corresponding fluoral arylhydrazones, in dry DMF at room temperature.2 The required hydrazones were 
obtained by heating methanolic solution of aqueous fluoral hydrate (~75%, in H2O) with hydrazines, in a 
closed ampoule at 75 , as reported.3 Non-fluorinated 
hydrazonoyl chlorides 2q4 and 2r-2y5 were prepared in analogy to the general literature protocols, by 
chlorination of benzoyl phenylhydrazine with Ph3P-CCl4 -chloromethinyl compounds 
with arene-diazonium salts under basic conditions, respectively. 
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2. Synthetic procedures and characterization data 
 
 
General one-pot procedure for synthesis of pyrazoles 3a-3y: To a solution of the respective hydrazonoyl 
halide 2 (1.0 mmol) and 2,5-dihydroxy-1,4-dithiane-2,5-diol (4, 0.55 mmol, 84 mg) in dry solvent (10 mL; 
DCM for 2a-2h,2q-2u, and 2v-2y; DCE for 2i-2p) was added dropwise excess triethylamine (10 mmol, 1.4 
mL) and the resulting mixture was stirred at room temperature until the nitrile imine precursor 2 was fully 
consumed (TLC monitoring, typically 2-4 h). Then, a solution of p-toluenesulfonic chloride (2.5 mmol, 477 
mg) in appropriate solvent (5 mL; DCM or DCE, respectively) was added dropwise and stirring was 
continued for 16 h. Water (15 mL) was added, the mixture was extracted with DCM (3  10 mL), the 
combined organic layers were dried over anhydrous Na2SO4, filtered, and the solvents were roved under 
reduced pressure. The crude product 3 was purified by column chromatography (CC) using silica gel as the 
stationary phase and hexanes/DCM or hexanes/EtOAc mixtures as an eluent. 
In the case of 2i-2p, the resulting mixture was additionally refluxed (oil bath) for 2 h prior aqueous workup. 
In the case of 2v-2x, the solvent was removed in vacuo, the resulting was dissolved in DMSO and heated 
at 100 C (oil bath) for 2 h, followed by standard aqueous workup. 
 
 
1-(4-Tolyl)-3-trifluoromethyl-1H-pyrazole (3a): 

   CC (SiO2, hexanes/DCM 1:1); colorless solid, 210 mg (93%); mp 52-53  
1H NMR (600 MHz, CDCl3)  7.90 (mc, 1H, 5-H), 7.59-7.56 (m, 2H), 7.29-7.26 (m, 2H), 6.70 (dbr, J  2.5 Hz, 
1H, 4-H), 2.40 (s, 3H). 13C{1H} NMR (151 MHz, CDCl3)  143.8 (q, 2JC-F = 38.5 Hz, C-3), 137.9, 137.3, 130.2, 
128.4 (C-5), 121.4 (q, 1JC-F = 268.6 Hz, CF3), 120.0, 105.9 (q, 3JC-F = 2.2 Hz, C-4), 21.1. 19F NMR (565 MHz, 
CDCl3)  62.01 (s, CF3). IR (neat)  1510, 1387, 1275, 1126, 1059, 969 cm 1. ESI-MS (m/z): 227.2 (100, 
[M+H]+). Anal. calcd for C11H9F3N2 (226.2): C 58.41, H 4.01, N 12.38; found: C 58.32, H 4.11, N 12.64. 
 
 
1-(4-Benzyloxyphenyl)-3-trifluoromethyl-1H-pyrazole (3b): 

   CC (SiO2, hexanes/DCM 2:3); colorless solid, 305 mg (96%); mp 98-99 
1H NMR (600 MHz, CDCl3)  7.84 (mc, 1H, 5-H), 7.61-7.59 (m, 2H), 7.46-7.33 (m, 5H), 7.08-7.05 (m, 2H), 
6.69 (dbr, J  2.4 Hz, 1H, 4-H), 5.11 (s, 2H). 13C{1H} NMR (151 MHz, CDCl3)  158.4, 143.7 (q, 2JC-F = 38.3 Hz, 
C-3), 136.6, 133.4, 128.8, 128.5 (C-5), 128.3, 127.6, 121.8, 121.4 (q, 1JC-F = 268.6 Hz, CF3), 115.8, 105.8 (q, 
3JC-F = 2.0 Hz, C-4), 70.5. 19F NMR (565 MHz, CDCl3)  61.96 (s, CF3). IR (neat)  1510, 1379, 1241, 1170, 
1054, 1010 cm 1. ESI-MS (m/z): 319.2 (100, [M+H]+). Anal. calcd for C17H13F3N2O (318.1): C 64.15, H 4.12, 
N 8.80; found: C 64.17, H 4.19, N 8.91. 
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1-(4-Methoxyphenyl)-3-trifluoromethyl-1H-pyrazole (3c): 

   CC (SiO2, hexanes/EtOAc 9:1); light orange oil, 227 mg (94%). 1H NMR 
(600 MHz, CDCl3)  7.84 (mc, 1H, 5-H), 7.61-7.58 (m, 2H), 7.00-6.97 (m, 2H), 6.69 (dbr, J  2.4 Hz, 1H, 4-H), 
3.85 (s, 3H). 13C{1H} NMR (151 MHz, CDCl3)  159.3, 143.7 (q, 2JC-F = 38.4 Hz, C-3), 133.2, 128.5 (C-5), 121.8, 
121.4 (q, 1JC-F = 268.6 Hz, CF3), 114.8, 105.8 (q, 3JC-F = 2.3 Hz, C-4), 55.7. 19F NMR (565 MHz, CDCl3)  61.96 
(s, CF3). IR (neat)  1510, 1387, 1249, 1170, 1126, 1055 cm 1. ESI-MS (m/z): 243.2 (100, [M+H]+). Anal. 
calcd for C11H9F3N2O (242.1): C 54.55, H 3.75, N 11.57; found: C 54.56, H 3.90, N 11.37. 
 
 
1-Phenyl-3-trifluoromethyl-1H-pyrazole6 (3d): 

   CC (SiO2, hexanes/DCM 3:2); thick yellow oil, 193 mg (91%). 1H NMR (600 
MHz, CDCl3)  7.95 (mc, 1H, 5-H), 7.72-7.70 (m, 2H), 7.50-7.47 (m, 2H), 7.39-7.36 (m, 1H), 6.72 (dbr, J  2.4 
Hz, 1H, 4-H). 13C{1H} NMR (151 MHz, CDCl3)  144.1 (q, 2JC-F = 38.4 Hz, C-3), 139.5, 129.7, 128.5 (C-5), 127.9, 
121.4 (q, 1JC-F = 268.8 Hz, CF3), 120.1, 106.1 (q, 3JC-F = 1.9 Hz, C-4). 19F NMR (565 MHz, CDCl3)  62.07 (s, 
CF3). IR (neat)  1513, 1358, 1250, 1126, 1094, 1021 cm 1. ESI-MS (m/z): 213.1 (100, [M+H]+). 
 
 
1-(4-Isopropylphenyl)-3-trifluoromethyl-1H-pyrazole (3e): 

   CC (SiO2, hexanes/EtOAc 9:1); light orange solid, 208 mg (82%); mp 49-51 
1H NMR (600 MHz, CDCl3)  7.90 (mc, 1H, 5-H), 7.62-7.59 (m, 2H), 7.34-7.32 (m, 2H), 6.70 (dbr, J  2.3 

Hz, 1H, 4-H), 2.96 (hept, J = 6.9 Hz, 1H), 1.28 (d, J = 6.9 Hz, 6H). 13C{1H} NMR (151 MHz, CDCl3)  148.9, 
143.9 (q, 2JC-F = 38.4 Hz, C-3), 137.6, 128.4 (C-5), 127.7, 121.4 (q, 1JC-F = 268.7 Hz, CF3), 120.2, 105.9 (q, 3JC-F 
= 2.4 Hz, C-4), 33.9, 24.1. 19F NMR (565 MHz, CDCl3)  62.03 (s, CF3). IR (neat)  1513, 1387, 1271, 1126, 
1059 cm 1. ESI-MS (m/z): 255.2 (100, [M+H]+). Anal. calcd for C13H13F3N2 (254.1): C 61.41, H 5.15, N 11.02; 
found: C 61.43, H 5.30, N 10.77. 
 
 
1-(4-Bromophenyl)-3-trifluoromethyl-1H-pyrazole (3f): 

   CC (SiO2, hexanes/DCM 9:1); thick yellow oil, 212 mg (73%). 1H NMR (600 
MHz, CDCl3)  7.93 (mc, 1H, 5-H), 7.60 (sbr, 4H), 6.73 (dbr, J  2.5 Hz, 1H, 4-H). 13C{1H} NMR (151 MHz, CDCl3) 

 144.5 (q, 2JC-F = 38.6 Hz, C-3), 138.5, 132.8, 128.4 (C-5), 121.41, 121.38, 121.2 (q, 1JC-F = 268.9 Hz, CF3), 
106.5 (q, 3JC-F = 1.8 Hz, C-4). 19F NMR (565 MHz, CDCl3)  62.21 (s, CF3). IR (neat)  1495, 1390, 1275, 1170, 
1129, 1051 cm 1. ESI-MS (m/z): 293.1 (99, [M{81Br}+H]+), 291.1 (100, [M{79Br}+H]+). Anal. calcd for 
C10H6BrF3N2 (291.1): C 41.26, H 2.08, N 9.62; found: C 41.19, H 2.24, N 9.68. 
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1-(4-Chlorophenyl)-3-trifluoromethyl-1H-pyrazole (3g): 

   CC (SiO2, hexanes/DCM 3:2); colorless solid, 214 mg (87%); mp 52-53 
1H NMR (600 MHz, CDCl3)  7.92 (mc, 1H, 5-H), 7.67-7.64 (m, 2H), 7.46-7.44 (m, 2H), 6.73 (dbr, J  2.5 Hz, 
1H, 4-H). 13C{1H} NMR (151 MHz, CDCl3)  144.4 (q, 2JC-F = 38.6 Hz, C-3), 130.1, 133.6, 129.9, 128.4 (C-5), 
121.2 (q, 1JC-F = 268.9 Hz, CF3), 121.1, 106.5 (q, 3JC-F = 2.2 Hz, C-4). 19F NMR (565 MHz, CDCl3)  62.19 (s, 
CF3). IR (neat)  1495, 1387, 1275, 1178, 1122, 1096, 1055 cm 1. ESI-MS (m/z): 249.3 (41, [M{37Cl}+H]+), 
247.3 (100, [M{35Cl}+H]+). Anal. calcd for C10H6ClF3N2 (246.6): C 48.70, H 2.45, N 11.36; found: C 48.53, H 
2.61, N 11.41. 
 
 
1-(4-Fluorophenyl)-3-trifluoromethyl-1H-pyrazole (3h): 

   CC (SiO2, hexanes/DCM 4:1); light orange solid, 175 mg (76%); mp 60-61 
1H NMR (600 MHz, CDCl3)  7.89 (mc, 1H, 5-H), 7.69-7.66 (m, 2H), 7.19-7.17 (m, 2H), 6.72 (dbr, J  2.5 

Hz, 1H, 4-H). 13C{1H} NMR (151 MHz, CDCl3)  162.0 (d, 1JC-F = 247.9 Hz), 144.3 (q, 2JC-F = 38.5 Hz, C-3), 135.9 
(d, 4JC-F = 3.1 Hz), 128.6 (C-5), 122.0 (d, 3JC-F = 8.6 Hz), 121.3 (q, 1JC-F = 268.8 Hz, CF3), 116.6 (d, 2JC-F = 23.3 
Hz), 106.2 (q, 3JC-F = 2.2 Hz, C-4). 19F NMR (565 MHz, CDCl3)  62.13 (s, CF3), 113.82 (mc, Ar-F). IR (neat) 
 1510, 1390, 1275, 120, 1170, 1118, 1062 cm 1. ESI-MS (m/z): 231.2 (100, [M+H]+). Anal. calcd for 

C10H6F4N2 (230.2): C 52.18, H 2.63, N 12.17; found: C 52.37, H 2.79, N 11.99. 
 
 
1-(2,4-Dichlorophenyl)-3-trifluoromethyl-1H-pyrazole (3i): 

   CC (SiO2, hexanes/DCM 1:1); brown oil, 151 mg (54%). 1H NMR (600 MHz, 
CDCl3)  7.89 (mc, 1H, 5-H), 7.54-7.56 (m, 2H), 7.39 (dd, J = 2.3, 8.6 Hz, 1H), 6.73 (dbr, J  2.5 Hz, 1H, 4-H). 
13C{1H} NMR (151 MHz, CDCl3)  144.4 (q, 2JC-F = 38.6 Hz, C-3), 136.1, 135.6, 133.1 (C-5), 130.6, 129.5, 128.9, 
128.3, 121.2 (q, 1JC-F = 268.9 Hz, CF3), 105.5 (q, 3JC-F = 2.2 Hz, C-4). 19F NMR (565 MHz, CDCl3)  62.13 (s, 
CF3). IR (neat)  1487, 1387, 1275, 1170, 1129, 1040, 950 cm 1. ESI-MS (m/z): 281.2 (100, [M+H]+), 283.2 
(61). Anal. calcd for C10H5Cl2F3N2 (281.1): C 42.73, H 1.79, N 9.97; found: C 42.78, H 2.07, N 9.98. 
 
 
4-(3 -Trifluoromethyl-1 H-pyrazol-1 -yl)phenyl benzoate (3j): 

   CC (SiO2, hexanes/DCM 2:3); light yellow solid, 259 mg (78%); mp 
141-143 1H NMR (600 MHz, CDCl3)  8.23-8.21 (m, 2H), 7.95 (mc -H), 7.78-7.76 (m, 2H), 7.68-
7.65 (m, 1H), 7.55-7.52 (m, 2H), 7.38-7.35 (m, 2H), 6.74 (dbr, J  2.3 Hz, 1H, 4 -H). 13C{1H} NMR (151 MHz, 
CDCl3)  165.1, 150.3, 144.3 (q, 2JC-F = 38.5 Hz, C-
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(q, 1JC-F = 268.8 Hz, CF3), 121.2, 106.3 (q, 3JC-F = 2.2 Hz, C-4 ). 19F NMR (565 MHz, CDCl3)  62.11 (s, CF3). IR 
(neat)  1722, 1513, 1387, 1267, 1204, 1118, 1059 cm 1. ESI-MS (m/z): 371.3 (49, [M+K]+), 355.3 (100, 
[M+Na]+). Anal. calcd for C17H11F3N2O2 (332.3): C 61.45, H 3.34, N 8.43; found: C 61.58, H 3.36, N 8.37. 
 
 
3-Trifluoromethyl-1-(4-trifluoromethylphenyl)-1H-pyrazole (3k): 

   CC (SiO2, hexanes/DCM 9:1); yellow oil, 199 mg (71%). 1H NMR (600 MHz, 
CDCl3)  8.03 (mc, 1H, 5-H), 7.88-7.85 (m, 2H), 7.77-7.75 (m, 2H), 6.77 (dbr, J  2.5 Hz, 1H, 4-H). 13C{1H} NMR 
(151 MHz, CDCl3)  145.0 (q, 2JC-F = 38.7 Hz, C-3), 141.9, 129.8 (q, 2JC-F = 33.1 Hz, i-C), 128.5 (C-5), 127.1 (q, 
3JC-F = 3.7 Hz, 2CH), 123.8 (q, 1JC-F = 272.1 Hz, CF3), 121.1 (q, 1JC-F = 268.9 Hz, 3-CF3), 119.8, 106.9 (q, 3JC-F = 
2.4 Hz, C-4). 19F NMR (565 MHz, CDCl3)  62.47, 62.35 (2s, 2CF3). IR (neat)  1394, 1323, 1275, 1122, 
1051 cm 1. ESI-MS (m/z): 281.3 (100, [M+H]+). Anal. calcd for C11H6F6N2 (280.2): C 47.16, H 2.16, N 10.00; 
found: C 47.21, H 2.36, N 9.87. 
 
 
1-(4-Methoxycarbonylphenyl)-3-trifluoromethyl-1H-pyrazole (3l): 

   CC (SiO2, hexanes/EtOAc 4:1); orange solid, 154 mg (57%); mp 83-
84 1H NMR (600 MHz, CDCl3)  8.18-8.16 (m, 2H), 8.04 (mc, 1H, 5-H), 7.83-7.80 (m, 2H), 6.77 (dbr, J  
2.5 Hz, 1H, 4-H), 3.95 (s, 3H). 13C{1H} NMR (151 MHz, CDCl3)  166.2, 144.9 (q, 2JC-F = 38.7 Hz, C-3), 142.6, 
131.4, 129.4, 128.5 (C-5), 121.1 (q, 1JC-F = 268.8 Hz, CF3), 119.3, 106.8 (q, 3JC-F = 1.6 Hz, C-4), 52.5. 19F NMR 
(565 MHz, CDCl3)  62.32 (s, CF3). IR (neat)  1711, 1607, 1394, 1275, 1152, 1107, 1051 cm 1. ESI-MS 
(m/z): 271.3 (100, [M+H]+). Anal. calcd for C12H9F3N2O2 (270.2): C 53.34, H 3.36, N 10.37; found: C 53.53, 
H 3.48, N 10.16. 
 
 
4-(3 -Trifluoromethyl-1 H-pyrazol-1 -yl)benzenesulfonamide (3m): 

  CC (SiO2, hexanes/EtOAc 1:1); brown solid, 183 mg (63%); mp 
163-165 1H NMR (600 MHz, DMSO-d6)  8.86 (mc -H), 8.12-8.09 (m, 2H), 7.99-7.97 (m, 2H), 7.50 
(sbr, 2H), 7.13 (dbr, J  2.5 Hz, 1H, 4 -H). 13C{1H} NMR (151 MHz, DMSO-d6)  143.1 (q, 2JC-F = 37.8 Hz, C-
143.0, 140.8, 131.2, 127.4, 121.2 (q, 1JC-F = 268.6 Hz, CF3), 119.5, 106.9 (q, 3JC-F = 2.2 Hz, C-4 ). 19F NMR (565 
MHz, DMSO-d6)  60.81 (s, CF3). IR (neat)  3265, 1599, 1502, 1394, 1327, 1282, 1155, 1115, 1059 cm 1. 
ESI-MS (m/z): 314.2 (94, [M+Na]+), 292.2 (100, [M+H]+). Anal. calcd for C10H8F3N3O2S (291.2): C 41.24, H 
2.77, N 14.43, S 11.01; found: C 41.00, H 2.80, N 14.54, S 11.13. 
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4-(3 -Trifluoromethyl-1 H-pyrazol-1 -yl)benzonitrile (3n): 

   CC (SiO2, hexanes/DCM 3:2); colorless solid, 173 mg (73%); mp 112-113 
1H NMR (600 MHz, CDCl3)  8.04 (dq, J -H), 7.90-7.87 (m, 2H), 7.81-7.79 (m, 2H), 

6.79 (dbr, J  2.6 Hz, 1H, 4 -H). 13C{1H} NMR (151 MHz, CDCl3)  145.4 (q, 2JC-F = 38.9 Hz, C-
128.5 (C- 1JC-F = 269.0 Hz, CF3), 119.9, 118.1, 111.4, 107.3 (q, 3JC-F = 1.7 Hz, C-4 ). 19F NMR (565 
MHz, CDCl3)  62.48 (s, CF3). IR (neat)  2229, 1606, 1506, 1390, 1279, 1174, 1122, 1051 cm 1. ESI-MS 
(m/z): 238.3 (100, [M H]+). Anal. calcd for C11H6F3N3 (237.2): C 55.70, H 2.55, N 17.72; found: C 55.70, H 
2.72, N 17.75. 
 
 
1-(4-Nitrophenyl)-3-trifluoromethyl-1H-pyrazole (3o): 

   CC (SiO2, hexanes/DCM 1:1); colorless solid, 183 mg (71%); mp 116-117 
1H NMR (600 MHz, CDCl3)  8.40-8.37 (m, 2H), 8.09 (dq, J = 0.9, 2.6 Hz, 1H, 5-H), 7.96-7.92 (m, 2H), 

6.82 (dbr, J  2.6 Hz, 1H, 4-H). 13C{1H} NMR (151 MHz, CDCl3)  146.6, 145.7 (q, 2JC-F = 39.0 Hz, C-3), 143.6, 
128.8 (C-5), 125.6, 120.9 (q, 1JC-F = 269.2 Hz, CF3), 119.7, 107.5 (q, 3JC-F = 2.1 Hz, C-4). 19F NMR (565 MHz, 
CDCl3)  62.51 (s, CF3). IR (neat)  1599, 1521, 1342, 1275, 1170, 1133, 1048 cm 1. ESI-MS (m/z): 258.2 
(100, [M+H]+). Anal. calcd for C10H6F3N3O2 (257.2): C 46.70, H 2.35, N 16.34; found: C 46.76, H 2.62, N 
16.32. 
 
 
1-(3-Nitrophenyl)-3-trifluoromethyl-1H-pyrazole (3p): 

   CC (SiO2, hexanes/DCM 3:2); light yellow solid, 179 mg (70%); mp 87-89 
1H NMR (600 MHz, CDCl3)  8.58 (t, J = 2.2 Hz, 1H), 8.24 (ddd, J = 0.9, 2.2, 8.3 Hz, 1H), 8.14 (ddd, J = 0.9, 

2.3, 8.1 Hz, 1H), 8.08 (mc, 1H, 5-H), 7.71 (tbr, J  8.2 Hz, 1H), 6.81 (dbr, J  2.6 Hz, 1H, 4-H). 13C{1H} NMR (151 
MHz, CDCl3)  149.1, 145.2 (q, 2JC-F = 38.9 Hz, C-3), 140.2, 130.9, 128.6 (C-5), 125.3, 122.3, 121.0 (q, 1JC-F = 
269.1 Hz, CF3), 114.6, 107.2 (q, 3JC-F = 2.2 Hz, C-4). 19F NMR (565 MHz, CDCl3)  62.41 (s, CF3). IR (neat)  
1536, 1476, 1349, 1305, 1271, 1193, 1133, 1055 cm 1. ESI-MS (m/z): 258.2 (100, [M+H]+). Anal. calcd for 
C10H6F3N3O2 (257.2): C 46.70, H 2.35, N 16.34; found: C 46.69, H 2.46, N 16.31. 
 
 
1,3-Diphenyl-1H-pyrazole7 (3q): 

   CC (SiO2, hexanes/DCM 3:2); pale yellow solid, 161 mg (73%); mp 81-82 
80-82 7a. 1H NMR (600 MHz, CDCl3)  7.96 (d, J = 2.5 Hz, 1H, 5-H), 7.94-7.91 (m, 2H), 7.80-7.77 
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(m, 2H), 7.49-7.42 (m, 4H), 7.36-7.28 (m, 2H), 6.79 (d, J = 2.5 Hz, 1H, 4-H). 13C{1H} NMR (151 MHz, CDCl3) 
 153.1, 140.4, 133.3, 129.5, 128.8, 128.2, 128.1, 126.5, 126.0, 119.2. ESI-MS (m/z): 221.2 (100, [M+H]+). 

 
 
3-Ethoxycarbonyl-1-(4-tolyl)-1H-pyrazole (3r): 

   CC (SiO2, hexanes/EtOAc 4:1); thick orange oil, 106 mg (46%). 1H NMR 
(600 MHz, CDCl3)  7.88 (d, J = 2.5 Hz, 1H, 5-H), 7.62-7.60 (m, 2H), 7.26-7.24 (m, 2H), 6.97 (d, J = 2.5 Hz, 
1H, 4-H), 4.43 (q, J = 7.1 Hz, 2H), 2.38 (s, 3H), 1.41 (t, J = 7.1 Hz, 3H). 13C{1H} NMR (151 MHz, CDCl3)  162.5, 
145.1, 137.7, 137.5, 130.1, 128.4, 120.1, 110.3, 61.2, 21.1, 14.5. IR (neat)  1718, 1510, 1379, 1260, 1174, 
1059 cm 1. ESI-MS (m/z): 269.3 (35, [M+K]+), 253.3 (88, [M+Na]+), 231.3 (100, [M+H]+). Anal. calcd for 
C13H14N2O2 (230.3): C 67.81, H 6.13, N 12.17; found: C 67.83, H 6.14, N 11.96. 
 
 
3-Ethoxycarbonyl-1-(4-methoxyphenyl)-1H-pyrazole8 (3s): 

  CC (SiO2, DCM); thick orange oil, 148 mg (60%). 1H NMR (600 MHz, CDCl3) 
 7.83 (d, J = 2.4 Hz, 1H, 5-H), 7.65-7.63 (m, 2H), 6.99-6.96 (m, 3H), 4.44 (q, J = 7.1 Hz, 2H), 3.85 (s, 3H), 

1.42 (t, J = 7.1 Hz, 3H). 13C{1H} NMR (151 MHz, CDCl3)  162.5, 159.2, 145.0, 133.5, 128.6, 121.9, 114.6, 
110.3, 61.2, 55.7, 14.5. ESI-MS (m/z): 247.2 (100, [M+H]+). 
 
 
3-Acetyl-1-(4-tolyl)-1H-pyrazole (3t): 

   CC (SiO2, hexanes/DCM 3:2); orange solid, 142 mg (71%); mp 47-48 1H 
NMR (600 MHz, CDCl3)  7.89 (d, J = 2.5 Hz, 1H, 5-H), 7.63-7.61 (m, 2H), 7.30-7.27 (m, 2H), 6.96 (d, J = 2.5 
Hz, 1H, 4-H), 2.67 (s, 3H), 2.41 (s, 3H). 13C{1H} NMR (151 MHz, CDCl3)  194.3, 152.5, 137.7, 137.6, 130.3, 
128.7, 119.8, 108.0, 26.7, 21.1. IR (neat)  1681, 1521, 1469, 1372, 1260, 1141, 1051 cm 1. ESI-MS (m/z): 
201.2 (100, [M+H]+). Anal. calcd for C12H12N2O (200.2): C 71.98, H 6.04, N 13.99; found: C 71.79, H 6.07, N 
13.86. 
 
 
3-Acetyl-1-(4-methoxyphenyl)-1H-pyrazole (3u): 

  CC (SiO2, hexanes/DCM 1:4); orange solid, 166 mg (77%); mp 66-68 1H 
NMR (600 MHz, CDCl3)  7.83 (d, J = 2.4 Hz, 1H, 5-H), 7.66-7.63 (m, 2H), 7.02-6.99 (m, 2H), 6.95 (d, J = 2.5 
Hz, 1H, 4-H), 3.86 (s, 3H), 2.66 (s, 3H). 13C{1H} NMR (151 MHz, CDCl3)  194.3, 159.2, 152.4, 133.6, 128.8, 
121.6, 114.8, 107.9, 55.8, 26.7. IR (neat)  1674, 1521, 1469, 1435, 1372, 1245, 1178, 1137, 1074, 1033 
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cm 1. ESI-MS (m/z): 239.2 (14, [M+Na]+), 217.2 (100, [M+H]+). Anal. calcd for C12H12N2O2 (216.2): C 66.65, 
H 5.59, N 12.96; found: C 66.58, H 5.66, N 12.97. 
 
 
3-Acetyl-1-(4-chlorophenyl)-1H-pyrazole (3v): 

  CC (SiO2, hexanes/DCM 2:3); brown solid, 150 mg (68%); mp 97-99 1H 
NMR (600 MHz, CDCl3)  7.90 (d, J = 2.5 Hz, 1H, 5-H), 7.71-7.69 (m, 2H), 7.48-7.46 (m, 2H), 6.98 (d, J = 2.5 
Hz, 1H, 4-H), 2.66 (s, 3H). 13C{1H} NMR (151 MHz, CDCl3)  194.0, 152.9, 138.4, 133.4, 129.9, 128.7, 121.0, 
108.5, 26.7. IR (neat)  1677, 1495, 1375, 1349, 1260, 1234, 1141, 1096, 1062 cm 1. ESI-MS (m/z): 223.1 
(32, [M{37Cl}+H]+), 221.1 (100, [M{35Cl}+H]+). Anal. calcd for C11H9ClN2O (220.7): C 59.88, H 4.11, N 12.70; 
found: C 60.06, H 4.00, N 12.73. 
 
 
3-Acetyl-1-(4-ethoxycarbonylphenyl)-1H-pyrazole (3w): 

  CC (SiO2, hexanes/EtOAc 4:1); orange solid, 181 mg (70%); mp 123-124 
1H NMR (600 MHz, CDCl3)  8.19-8.17 (m, 2H), 8.01 (d, J = 2.6 Hz, 1H, 5-H), 7.85-7.83 (m, 2H), 7.00 (d, 

J = 2.6 Hz, 1H, 4-H), 4.42 (q, J = 7.1 Hz, 2H), 2.68 (s, 3H), 1.43 (t, J = 7.1 Hz, 3H). 13C{1H} NMR (151 MHz, 
CDCl3)  194.0, 165.8, 153.3, 142.9, 131.4, 129.5, 128.8, 119.1, 108.7, 61.4, 26.7, 14.5. IR (neat)  1703, 
1681, 1607, 1469, 1379, 1349, 1260, 1178, 1126, 1111, 1059, 1018 cm 1. ESI-MS (m/z): 281.2 (42, 
[M+Na]+), 259.2 (100, [M+H]+). Anal. calcd for C14H14N2O3 (258.3): C 65.11, H 5.46, N 10.85; found: C 65.25, 
H 5.35, N 10.91. 
 
 
3-Acetyl-1-(4-nitrophenyl)-1H-pyrazole (3x): 

  CC (SiO2, hexanes/DCM 1:4); orange solid, 118 mg (51%); mp >220  
(decomp.). 1H NMR (600 MHz, CDCl3)  8.40-8.37 (m, 2H), 8.05 (d, J = 2.6 Hz, 1H, 5-H), 7.98-7.95 (m, 2H), 
7.05 (d, J = 2.6 Hz, 1H, 4-H), 2.69 (s, 3H). 13C{1H} NMR (151 MHz, CDCl3)  193.7, 153.8, 146.5, 144.1, 129.0, 
125.6, 119.6, 109.4, 26.7. IR (neat)  1689, 1595, 1510, 1461, 1382, 1334, 1300, 1260, 1141, 1111, 1055 
cm 1. ESI-MS (m/z): 254.1 (100, [M+Na]+), 232.2 (19, [M+H]+). Anal. calcd for C11H9N3O3 (231.2): C 57.14, 
H 3.92, N 18.17; found: C 57.18, H 3.89, N 18.04. 
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3-Acetyl-1-(2,4,6-trimethylphenyl)-1H-pyrazole (3y): 

  CC (SiO2, hexanes/EtOAc 4:1); orange solid, 191 mg (84%); mp 64-65 
1H NMR (600 MHz, CDCl3)  7.44 (d, J = 2.4 Hz, 1H, 5-H), 6.97 (sbr, 2H), 6.96 (d, J = 2.4 Hz, 1H, 4-H), 2.61 (s, 
3H), 2.34 (2, 3H), 1.99 (s, 6H). 13C{1H} NMR (151 MHz, CDCl3)  194.4, 152.4, 139.6, 136.6, 135.6, 133.1, 
129.2, 106.7, 26.7, 21.2, 17.3. IR (neat)  1685, 1469, 1353, 1245, 1126, 1044 cm 1. ESI-MS (m/z): 229.3 
(100, [M+H]+). Anal. calcd for C14H16N2O (228.3): C 73.66, H 7.06, N 12.27; found: C 73.49, H 7.05, N 12.00. 
 
 
 
Preparation of 1,3,4-thiadiazines 6o and 6x: Following the general protocol for synthesis of pyrazoles 3, 
to a solution of hydrazonoyl halide 2o or 2x (1.0 mmol) and 2,5-dihydroxy-1,4-dithiane-2,5-diol (4, 0.55 
mmol, 84 mg) in dry DCM (10 mL) was added dropwise triethylamine (10 mmol, 1.4 mL) and the resulting 
mixture was stirred at room temperature for 4 h. After a solution of p-toluenesulfonic chloride (2.5 mmol, 
477 mg) in DCM (5 mL) was added dropwise, the mixture was stirred overnight at room temperature. 
Water (15 mL) was added, the mixture was extracted with DCM (3  10 mL), the combined organic layers 
were dried over anhydrous Na2SO4, filtered, and the solvents were removed under reduced pressure. The 
crude product 6 was purified by preparative thin layer chromatography (PTLC) using silica gel as stationary 
phase. 
 
 
4-(4-Nitrophenyl)-2-trifluoromethyl-4H-1,3,4-thiadiazine (6o): 

  PTLC (SiO2, hexanes/DCM 1:1); pale yellow solid, 95 mg (34%); mp 88-92 
1H NMR (600 MHz, CDCl3)  8.29-8.25 (m, 2H), 7.42-7.39 (m, 2H), 6.55 and 5.42 (2dbr, J  5.7 

Hz, 1H each, 5-H and 6-H, respectively). 13C{1H} NMR (151 MHz, CDCl3)  148.7, 143.7, 135.2 (q, 2JC-F = 38.9 
Hz, C-2), 129.1 (C-5), 125.7, 119.2 (q, 1JC-F = 275.1 Hz, CF3), 114.7, 99.8 (C-6). 19F NMR (565 MHz, CDCl3)  

66.89 (sbr, CF3). IR (neat)  1587, 1517, 1338, 1264, 1178, 1137, 1111, 977 cm 1. HRMS (ESI-TOF) m/z: 
[M+H]+ calcd for C10H7F3N3O2S 290.0209, found 290.0211. 
 
 
2-Acetyl-4-(4-nitrophenyl)-4H-1,3,4-thiadiazine (6x): 

  PTLC (SiO2, hexanes/DCM 1:1); brown solid, 145 mg (55%); mp 148-153 
1H NMR (600 MHz, CDCl3)  8.28-8.26 (m, 2H), 7.40-7.26 (m, 2H), 6.43 and 5.43 (2d, J = 6.4 

Hz, 1H each, 5-H and 6-H, respectively), 2.60 (s, 3H). 13C{1H} NMR (151 MHz, CDCl3)  192.2, 148.4, 143.5, 
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143.4, 126.2, 125.7, 114.3, 103.4, 26.1. IR (neat)  1689, 1588, 1558, 1498, 1320, 1245, 1208, 1182, 1096, 
1032, 995 cm 1. HRMS (ESI-TOF) m/z: [M+H]+ calcd for C11H10N3O3S 264.0445, found 264.0443. 
 
Crystals of 6x suitable for X-ray measurements were obtained from hexane solution by slow evaporation 
of the solvent. 
 
 
 
Synthesis of 5-iodo-3-trifluoromethylpyrazoles 7c and 7m 
 
5-Iodo-1-(4-methoxyphenyl)-3-trifluoromethyl-1H-pyrazole (7c): 

Lithiated pyrazole was generated under inert atmosphere (dry argon) by treatment a solution of 
pyrazole 3c (500 mg, 2.07 mmol) in dry THF (20 mL) with n-BuLi (2.5M in hexane, 0.83 mL, 2.07 mmol) at 

78 C, under vigorous stirring. After 30 min, a solution of iodine (578 mg, 2.28 mmol) in THF (4 mL) was 
added and the mixture was allowed to reach room temperature. Then, sat. aq. NH4Cl (5 mL) was added 
and the resulting mixture was extracted with Et2O (3  20 mL). Combined organic layers were washed with 
sat. aq. Na2S2O3 (10 mL), then with H2O (2  15 mL), dried over anh. Na2SO4, filtered, and the solvents were 
removed in vacuo. Crude product was purified by flash column chromatography (SiO2, hexane/EtOAc 9:1) 
to give iodopyrazole 7c (693 mg, 91%) as a colorless solid. 

   Mp 83-85 1H NMR (600 MHz, CDCl3)  7.42-7.40 (m, 2H), 7.01-6.98 (m, 
2H), 6.71 (sbr, 1H, 4-H), 3.88 (s, 3H). 13C{1H} NMR (151 MHz, CDCl3)  160.5, 145.4 (q, 2JC-F = 38.9 Hz, C-3), 
132.6, 128.0, 120.8 (q, 1JC-F = 269.3 Hz, CF3), 115.0 (q, 3JC-F = 2.0 Hz, C-4), 114.3, 83.7 (C-5), 55.8. 19F NMR 
(565 MHz, CDCl3)  62.52 (s, CF3). IR (neat)  1509, 1372, 1230, 1174, 1122, 1098, 1021, 980 cm 1. ESI-
MS (m/z): 369.1 (100, [M+H]+). Anal. calcd for C11H8F3IN2O (368.1): C 35.89, H 2.19, N 7.61; found: C 36.03, 
H 2.38, N 7.56. 
 
 
4-( -Iodo- -trifluoromethyl- H-pyrazol- -yl)benzenesulfonamide (7m): 

Following a modified literature protocol,9 to a solution of pyrazole 3m (291 mg, 1.0 mmol) in dry 
THF (20 mL), TMEDA (349 mg, 0.45 mL, 3.0 mmol) followed by n-BuLi (2.5M in hexane, 1.2 mL, 3.0 mmol) 
were added dropwise at 78 C under vigorous stirring. After 60 min, a solution of excess iodine (762 mg, 
3.0 mmol) in dry THF (5 mL) was added and the resulting mixture was allowed to reach room temperature. 
After 2 h, saturated aqueous solution of NH4Cl (10 mL) was added, the resulting mixture was extracted 
with Et2O (3  15 mL), combined organic layers were washed with 10% aqueous solution of Na2S2O3 (20 
mL), then with H2O (10 mL), and dried over anhydrous Na2SO4 and filtered. After solvents were removed 
under reduced pressure, the crude product was purified by column chromatography (SiO2, petroleum 
ether/EtOAc 3:2) to give iodopyrazole 7m (250 mg, 60%) as a colorless solid. 
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 Mp 168-170 1H NMR (600 MHz, DMSO-d6)  8.03-8.01 (m, 2H), 7.85-
7.82 (m, 2H), 7.59 (sbr, 2H), 7.35 (sbr -H). 13C{1H} NMR (151 MHz, DMSO-d6)  144.9, 144.3 (q, 2JC-F = 
38.0 Hz, C- 1JC-F = 269.2 Hz, CF3), 115.6 (q, 3JC-F = 1.3 Hz, C- - . 
19F NMR (565 MHz, DMSO-d6)  61.06 (s, CF3). IR (neat)  3325, 3194, 1338, 1230, 1137, 1092 cm 1. ESI-
MS (m/z): 440.2 (100, [M+Na]+), 418.3 (54, [M+H]+). Anal. calcd for C10H7F3IN3O2S (417.1): C 28.79, H 1.69, 
N 10.07, S 7.69; found: C 28.74, H 1.96, N 10.01, S 7.74. 
 
 
 
Synthesis of 1,5-diaryl-3-trifluoromethylpyrazoles 8-10: A solution of 5-iodopyrazole 7 (0.25 mmol), 
K2CO3 (1.09 mmol) and arylboronic acid (0.32 mmol) in THF/H2O (4:1 mixture, 10 mL) was degassed by a 
repeated procedure of freeze-pump-thaw, and Pd(PPh3)4 (95 mg, 30 mol% with respect to iodopyrazole) 
was added. The mixture was refluxed for 2 days (oil bath), cooled to room temperature, H2O was added 
and the resulting was extracted with DCM (3  5 mL). Combined organic layers were dried over anh. 
Na2SO4, filtered, and the solvents were removed in vacuo. Crude product was purified by standard column 
chromatography (CC). 
 
 
5-(4-Chlorophenyl)-1-(4-methoxyphenyl)-3-trifluoromethyl-1H-pyrazole10 (8, SC-560): 

   CC (SiO2, hexanes/EtOAc 4:1); yellow oil, 76 mg (86%);. 1H NMR (600 MHz, 
CDCl3)  7.31-7.29 (m, 2H), 7.22-7.20 (m, 2H), 7.16-7.14 (m, 2H), 6.89-6.87 (m, 2H), 6.73 (sbr, 1H, 4-H), 3.83 
(s, 3H). 13C{1H} NMR (151 MHz, CDCl3)  159.8, 143.5, 143.1 (q, 2JC-F = 38.4 Hz), 135.2, 132.2, 130.1, 129.1, 
127.8, 127.0, 121.4 (q, 1JC-F = 268.9 Hz, CF3), 114.5, 105.4 (q, 3JC-F = 2.1 Hz), 55.7. 19F NMR (565 MHz, CDCl3) 

 62.18 (s, CF3). ESI-MS (m/z): 355.2 (33, [M{37Cl}+H]+), 353.3 (100, [M{35Cl}+H]+). 
 
 
4- -(4 -Methylphenyl)- -trifluoromethyl- H-pyrazol- -yl)benzenesulfonamide11 (9): 

 CC (SiO2, hexanes/EtOAc 1:1); colorless solid, 81 mg (85%); mp 159-161 
1H NMR (600 MHz, DMSO-d6)  7.87 (dbr, J  8.5 Hz, 2H), 7.55-7.52 (m, 4H), 7.23-7.19 (m, 5H), 2.31 (s, 

3H). 13C{1H} NMR (151 MHz, DMSO-d6)  145.3, 144.0, 142.2 (q, 2JC-F = 37.5 Hz, C-
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128.8, 126.8, 126.0, 125.4, 121.3 (q, 1JC-F = 268.7 Hz, CF3), 106.2 (br), 20.8. 19F NMR (565 MHz, DMSO-d6) 
 60.85 (s, CF3). ESI-MS (m/z): 382.3 (100, [M+H]+).  

 
 
4- - -Fluorophenyl)- -trifluoromethyl- H-pyrazol- -yl)benzenesulfonamide11 (10): 

 CC (SiO2, hexanes/EtOAc 3:2); colorless solid, 89 mg (93%); mp 161-163 
1H NMR (600 MHz, CDCl3)  7.94-7.91 (m, 2H), 7.48-7.45 (m, 2H), 7.24-7.21 (m, 2H), 7.11-7.07 (m, 2H), 

6.76 (sbr, 1H), 4.91 (sbr, 2H). 13C{1H} NMR (151 MHz, CDCl3)  163.4 (d, 1JC-F = 251.3 Hz), 144.4 (q, 2JC-F = 38.6 
Hz, C- 3JC-F = 8.4 Hz), 127.8, 125.7, 124.9 (d, 4JC-F = 3.6 Hz), 121.1 (q, 1JC-F = 
269.1 Hz, CF3), 116.5 (d, 2JC-F = 22.0 Hz), 106.8 (q, 3JC-F = 1.7 Hz, C- 19F NMR (565 MHz, CDCl3)  62.49 
(s, CF3), 110.13 (mc, Ar-F). ESI-MS (m/z): 408.2 (61, [M+Na]+), 386.3 (100, [M+H]+). 
 
 
 
Synthesis of hydrazonoyl bromide 2m: 

A mixture of 4-hydrazinylbenzenesulfonamide hydrochloride (1.12 g, 5.0 mmol), fluoral hydrate 
(ca. 12.0 2.0 g) in methanol (25 mL) was heated at 

(oil bath) in a closed ampoule for 16 h. The mixture was cooled to room temperature, filtered 
, and the plug of Celite was washed with EtOA . The filtrate was washed with 

water (100 mL), then with 5% aq. NaHCO3 (30 mL), the organic layer was dried over Na2SO4, filtered, and 
the solvents were removed in vacuo. The obtained crude product was flash chromatographed (SiO2, 
petroleum ether/EtOAc 2:3) to give the respective hydrazone 11 (1.27 g, 95%) as pale yellow solid. 

  Mp 145- 1H NMR (600 MHz, DMSO-d6)  11.42 (sbr, 1H), 7.73-7.71 
(m, 2H), 7.42 (q, JH-F = 4.3 Hz, 1H), 7.18 (sbr, 2H), 7.15-7.12 (m, 2H). 13C{1H} NMR (151 MHz, DMSO-d6)  
146.1, 136.1, 127.6, 124.2 (q, 2JC-F = 37.3 Hz, =C-CF3), 121.5 (q, 1JC-F = 269.0 Hz, CF3), 112.3. 19F NMR (565 
MHz, DMSO-d6)  64.05 (d, JH-F = 4.3 Hz, CF3). IR (neat)  1595, 1327, 1260, 1141, 1096 cm 1. ESI-MS (m/z): 
290.2 (100, [M+Na]+), 268.1 (8, [M+H]+). Anal. calcd for C8H8F3N3O2S (267.2): C 35.96, H 3.02, N 15.72, S 
12.00; found: C 35.97, H 2.94, N 15.78, S 12.25. 
 

A solution of hydrazone 11 obtained in the previous step (534 mg, 2.0 mmol) in dry DMF (15 mL) 
428 mg, 2.4 mmol) was added portion-wise, and the resulting mixture was 

stirred at room temperature overnight. Then H2O (20 mL) was added, the mixture was extracted with 
30 mL), the organic layer was washed wi 10 mL), dried over Na2SO4, filtered and 

the solvents were removed under reduced pressure. Crude product was purified by column 
chromatography (SiO2, petroleum ether/EtOAc 2:3) to give bromide 2m (484 mg, 70%) as a colorless solid. 
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  Mp 148- 1H NMR (600 MHz, DMSO-d6)  10.82 (sbr, 1H), 7.77-7.75 
(m, 2H), 7.43-7.40 (m, 2H), 7.24 (sbr, 2H). 13C{1H} NMR (151 MHz, DMSO-d6)  145.2, 137.5, 127.4, 118.7 
(q, 1JC-F = 270.8 Hz, CF3), 114.1, 102.5 (q, 2JC-F = 41.8 Hz, =C-CF3). 19F NMR (565 MHz, DMSO-d6)  65.24 (s, 
CF3). IR (neat)  3273, 1595, 1513, 1323, 1245, 1133, 1089 cm 1. ( )-ESI-MS (m/z): 345.8 (100, [M{81Br}
H] ), 343.9 (89, [M{79Br} H] ). Anal. calcd for C8H7BrF3N3O2S (346.1): C 27.76, H 2.04, N 12.14, S 9.26; 
found: C 27.81, H 2.14, N 11.96, S 9.19. 
 
 
 
Synthesis of hydrazonoyl chlorides 2v-2y: A solution of 3-chloropentane-2,4-dione (1.34 g, 10 mmol) in 
EtOH (40 mL) was placed in an ice bath, and solid NaOH (0.4 g, 10 mmol) was added upon vigorous stirring, 
followed by portion-wise addition of the freshly prepared arene-diazonium salt [obtained by treatment 
of aniline derivative (12 mmol) with ition of a 
solution of NaNO2 (0.83 g, 12 mmol) in H2 . The stirring was continued for 3 h 

2 either recrystallized 
from hexanes (2w and 2y) or used in the next step as received (2v and 2x). 
 
 
1-Chloro-1-[(4-chlorophenyl)hydrazono]-2-propanone (2v): 

  Yellow solid, 1.69 g (73%); mp 171-173 1H NMR (600 MHz, CDCl3)  
8.43 (sbr, 1H), 7.34-7.31 (m, 2H), 7.18-7.16 (m, 2H), 2.56 (s, 3H). 13C{1H} NMR (151 MHz, CDCl3)  188.3, 
140.2, 129.8, 128.7, 126.0, 115.8, 25.4. IR (neat)  3232, 1674, 1536, 1484, 1219, 1167, 1084, 1018 cm 1. 
ESI-MS (m/z): 255.2 (63, [M{37Cl}+Na]+), 253.1 (100, [M{35Cl}+Na]+). Anal. calcd for C9H8Cl2N2O (232.1): C 
46.78, H 3.49, N 12.12; found: C 46.79, H 3.47, N 12.07. 
 
 
1-Chloro-1-[(4-ethoxycarbonylphenyl)hydrazono]-2-propanone (2w): 

  Yellow solid, 2.18 g (81%); mp 167-169  (hexanes). 1H NMR (600 MHz, 
CDCl3)  8.55 (sbr, 1H), 8.08-8.05 (m, 2H), 7.27-7.24 (m, 2H), 4.38 (t, J = 7.1 Hz, 2H), 2.59 (s, 3H), 1.40 (t, J = 
7.1 Hz, 3H). 13C{1H} NMR (151 MHz, CDCl3)  188.3, 166.2, 145.0, 131.7, 127.2, 125.6, 114.0, 61.1, 25.5, 
14.5. IR (neat)  3243, 1670, 1607, 1547, 1525, 1279, 1226, 1159, 1096, 1018 cm 1. ESI-MS (m/z): 271.1 
(28, [M{37Cl}+H]+), 269.1 (100, [M{35Cl}+H]+). Anal. calcd for C12H13ClN2O3 (268.7): C 53.64, H 4.88, N 10.43; 
found: C 53.75, H 4.78, N 10.52. 
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1-Chloro-1-[(4-nitrophenyl)hydrazono]-2-propanone (2x): 

 Orange solid, 1.26 g (52%); mp 219-223  (decomp). 1H NMR (600 MHz, CDCl3)  
8.65 (sbr, 1H), 8.29-8.27 (m, 2H), 7.33-7.31 (m, 2H), 2.61 (s, 3H). 13C{1H} NMR (151 MHz, CDCl3)  188.0, 
146.5, 143.4, 128.9, 126.2, 114.3, 25.6. IR (neat)  3254, 1681, 1603, 1536, 1506, 1334, 1226, 1163, 1111, 
1021 cm 1. ESI-MS (m/z): 245.1 (28, [M{37Cl}+H]+), 243.1 (100, [M{35Cl}+H]+). Anal. calcd for C9H8ClN3O3 
(241.6): C 44.74, H 3.34, N 17.39; found: C 44.78, H 3.24, N 17.28. 
 
 
1-Chloro-1-[(2,4,6-trimethylphenyl)hydrazono]-2-propanone (2y): 

 Colorless solid, 1.46 g (61%); mp 80-82  (hexanes). 1H NMR (600 MHz, CDCl3)  
8.13 (sbr, 1H), 6.91 (s, 2H), 2.46 (s, 3H), 2.34 (s, 6H), 2.29 (s, 3H). 13C{1H} NMR (151 MHz, CDCl3)  188.4, 
135.6, 135.4, 130.1, 130.0, 124.1, 25.3, 20.9, 18.8. IR (neat)  3288, 1685, 1528, 1443, 1219, 1098, 1018 
cm 1. ESI-MS (m/z): 241.2 (28, [M{37Cl}+H]+), 239.2 (100, [M{35Cl}+H]+). Anal. calcd for C12H15ClN2O (238.7): 
C 60.38, H 6.33, N 11.74; found: C 60.19, H 6.28, N 11.48.  
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3. Copies of NMR spectra 

 

 

 
Fig S1. 1H NMR (600 MHz, CDCl3), 13C NMR (151 MHz, CDCl3) and 19F NMR (565 MHz, CDCl3) spectra for compound 3a.



S17 
 

 

 

 

 

Fig S2. 1H NMR (600 MHz, CDCl3), 13C NMR (151 MHz, CDCl3) and 19F NMR (565 MHz, CDCl3) spectra for compound 3b. 
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Fig S3. 1H NMR (600 MHz, CDCl3), 13C NMR (151 MHz, CDCl3) and 19F NMR (565 MHz, CDCl3) spectra for compound 3c. 
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Fig S4. 1H NMR (600 MHz, CDCl3), 13C NMR (151 MHz, CDCl3) and 19F NMR (565 MHz, CDCl3) spectra for compound 3d. 
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Fig S5. 1H NMR (600 MHz, CDCl3), 13C NMR (151 MHz, CDCl3) and 19F NMR (565 MHz, CDCl3) spectra for compound 3e. 
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Fig S6. 1H NMR (600 MHz, CDCl3), 13C NMR (151 MHz, CDCl3) and 19F NMR (565 MHz, CDCl3) spectra for compound 3f. 
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Fig S7. 1H NMR (600 MHz, CDCl3), 13C NMR (151 MHz, CDCl3) and 19F NMR (565 MHz, CDCl3) spectra for compound 3g. 
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Fig S8. 1H NMR (600 MHz, CDCl3), 13C NMR (151 MHz, CDCl3) and 19F NMR (565 MHz, CDCl3) spectra for compound 3h. 
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Fig S9. 1H NMR (600 MHz, CDCl3), 13C NMR (151 MHz, CDCl3) and 19F NMR (565 MHz, CDCl3) spectra for compound 3i. 
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Fig S10. 1H NMR (600 MHz, CDCl3), 13C NMR (151 MHz, CDCl3) and 19F NMR (565 MHz, CDCl3) spectra for compound 3j. 
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Fig S11. 1H NMR (600 MHz, CDCl3), 13C NMR (151 MHz, CDCl3) and 19F NMR (565 MHz, CDCl3) spectra for compound 3k. 
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Fig S12. 1H NMR (600 MHz, CDCl3), 13C NMR (151 MHz, CDCl3) and 19F NMR (565 MHz, CDCl3) spectra for compound 3l. 
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Fig S13. 1H NMR (600 MHz), 13C NMR (151 MHz) and 19F NMR (565 MHz) spectra for compound 3m (all taken in DMSO-d6). 
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Fig S14. 1H NMR (600 MHz, CDCl3), 13C NMR (151 MHz, CDCl3) and 19F NMR (565 MHz, CDCl3) spectra for compound 3n. 
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Fig S15. 1H NMR (600 MHz, CDCl3), 13C NMR (151 MHz, CDCl3) and 19F NMR (565 MHz, CDCl3) spectra for compound 3o. 
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Fig S16. Diagnostic parts of 2D spectra (cosy, hmqc) for compound 3o. 
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Fig S17. 1H NMR (600 MHz, CDCl3), 13C NMR (151 MHz, CDCl3) and 19F NMR (565 MHz, CDCl3) spectra for compound 3p. 
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Fig S18. 1H NMR (600 MHz, CDCl3) and 13C NMR (151 MHz, CDCl3) spectra for compound 3q. 
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Fig S19. 1H NMR (600 MHz, CDCl3) and 13C NMR (151 MHz, CDCl3) spectra for compound 3r.  
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Fig S20. 1H NMR (600 MHz, CDCl3) and 13C NMR (151 MHz, CDCl3) spectra for compound 3s.  



S36 
 

 
 
 
 

 

 

Fig S21. 1H NMR (600 MHz, CDCl3) and 13C NMR (151 MHz, CDCl3) spectra for compound 3t.  
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Fig S22. 1H NMR (600 MHz, CDCl3) and 13C NMR (151 MHz, CDCl3) spectra for compound 3u.  
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Fig S23. 1H NMR (600 MHz, CDCl3) and 13C NMR (151 MHz, CDCl3) spectra for compound 3v.  
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Fig S24. 1H NMR (600 MHz, CDCl3) and 13C NMR (151 MHz, CDCl3) spectra for compound 3w.  
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Fig S25. 1H NMR (600 MHz, CDCl3) and 13C NMR (151 MHz, CDCl3) spectra for compound 3x.  
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Fig S26. 1H NMR (600 MHz, CDCl3) and 13C NMR (151 MHz, CDCl3) spectra for compound 3y.  
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Fig S27. 1H NMR (600 MHz, CDCl3) and 13C NMR (151 MHz, CDCl3) spectra for compound 6o. 
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Fig S28. Diagnostic parts of 2D spectra (cosy, hmqc) for compound 6o. 
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Fig S29. 1H NMR (600 MHz, CDCl3) and 13C NMR (151 MHz, CDCl3) spectra for compound 6x.  
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Fig S30. 1H NMR (600 MHz, CDCl3), 13C NMR (151 MHz, CDCl3) and 19F NMR (565 MHz, CDCl3) spectra for compound 7c. 
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Fig S31. 1H NMR (600 MHz, DMSO-d6), 13C NMR (151 MHz, DMSO-d6) and 19F NMR (565 MHz, DMSO-d6) spectra for compound 
7m.  
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Fig S32. 1H NMR (600 MHz, CDCl3), 13C NMR (151 MHz, CDCl3) and 19F NMR (565 MHz, CDCl3) spectra for compound 8 (SC-560). 
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Fig S33. 1H NMR (600 MHz, DMSO-d6), 13C NMR (151 MHz, DMSO-d6) and 19F NMR (565 MHz, DMSO-d6) spectra for compound 9 
(celecoxib).  
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Fig S34. 1H NMR (600 MHz, CDCl3), 13C NMR (151 MHz, CDCl3) and 19F NMR (565 MHz, CDCl3) spectra for 10 (mavacoxib). 
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Fig S35. 1H NMR (600 MHz, DMSO-d6), 13C NMR (151 MHz, DMSO-d6) and 19F NMR (565 MHz, DMSO-d6) spectra for 11. 
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Fig S36. 1H NMR (600 MHz, DMSO-d6), 13C NMR (151 MHz, DMSO-d6) and 19F NMR (565 MHz, DMSO-d6) spectra for 2m. 
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Fig S37. 1H NMR (600 MHz, DMSO-d6), 13C NMR (151 MHz, DMSO-d6) and 19F NMR (565 MHz, DMSO-d6) spectra for 2v. 
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Fig S38. 1H NMR (600 MHz, DMSO-d6), 13C NMR (151 MHz, DMSO-d6) and 19F NMR (565 MHz, DMSO-d6) spectra for 2w. 
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Fig S39. 1H NMR (600 MHz, DMSO-d6), 13C NMR (151 MHz, DMSO-d6) and 19F NMR (565 MHz, DMSO-d6) spectra for 2x. 
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Fig S40. 1H NMR (600 MHz, DMSO-d6), 13C NMR (151 MHz, DMSO-d6) and 19F NMR (565 MHz, DMSO-d6) spectra for 2y. 
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4. Crystallographic analysis 
 
Crystallographic analysis of 6x: X-ray diffraction data were collected on an XtaLAB Synergy, Dualflex, 
HyPix diffractometer. Integration of the intensities and corrections for Lorentz effects, polarization 
effects, and analytical absorption were performed with CrysAlis PRO.12 The structure was solved using 
intrinsic phasing and refined using least squares minimization using Olex2,42.13 The hydrogen atoms of 
aromatic rings were introduced in the calculated positions with an idealized geometry and constrained 
using a rigid body model with isotropic displacement parameters equal to 1.2 of the equivalent 
displacement parameters of their parent atoms. Atomic coordinates, displacement parameters, and 
structure factors of the analyzed crystal structures are deposited with the Cambridge Crystallographic 
Data Centre (CCDC 2248491). 
 

 
Fig S41. Molecular graph of 6x in crystal state. The anisotropic displacement parameters of non-hydrogen atoms 
are drawn as ellipsoids with a 50% probability level. 
 

 

Fig S42. The geometry of heteroatomic ring in 6x. A boat conformation with two atoms located above the mean 
plane defined with positions of other four atoms, as shown in graphics. 
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Diffractometer XtaLAB Synergy, Dualflex, HyPix 

Radiation Source Cu K ) 

Data Collection CrysAlisPro 1.171.42.80a (Rigaku OD, 2023) 

 

 
Fig S43. Photo of the crystal of 6x used for experiment. A block of dark purple colour. 
 
Table S1. Crystal data and structure refinement for 6x. 

Identification code exp_1335_auto 
Empirical formula C11H9N3O3S 
Formula weight 263.27 
Temperature/K 294.33(10) 
Crystal system monoclinic 
Space group P21/n 

 7.23835(9) 
 11.69731(13) 
 13.66884(17) 
 90 
 96.6370(12) 
 90 

Volume/ 3 1149.57(2) 
Z 4 

calcmg/mm3 1.521 
-1 2.573 

F(000) 544.0 
Crystal size/mm3 0.6  0.4  0.4 
2  range for data collection 9.982 to  
Index ranges -8  h  8, -14  k  14, -17  l  16 
Reflections collected 25159 
Independent reflections 2357[R(int) = 0.0320] 
Data/restraints/parameters 2357/0/165 
Goodness-of-fit on F2 1.068 
Final R indexes [I>=2  (I)] R1 = 0.0378, wR2 = 0.1091 
Final R indexes [all data] R1 = 0.0398, wR2 = 0.1107 
Largest diff. peak/hole / e -3 0.27/-0.30 
CCDC 2248491 
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Table S2. Fractional Atomic Coordinates 4) and Equivalent Isotropic Displacement Parameters ( 2 3) for 6x. 
Ueq is defined as 1/3 of the trace of the orthogonalised UIJ tensor. 

Atom x y z U(eq) 
S1 614.0(7) 2792.2(5) 2742.1(3) 66.60(19) 
N4 1857.3(18) 854.9(11) 4174.4(9) 45.3(3) 
N3 2113.2(18) 1948.0(11) 4530.6(9) 45.7(3) 
C10 2326.7(19) -9.4(12) 4877.6(10) 41.2(3) 
C11 2875(2) 265.9(13) 5856.2(11) 47.5(4) 
O18 4333(2) -2342.7(12) 7801.0(11) 75.6(4) 
O17 4196(3) -3560.1(12) 6628.2(13) 92.3(5) 
O8 1381(3) 4789.9(13) 3936.9(12) 90.6(5) 
N16 3993(2) -2593.8(12) 6935.9(13) 58.5(4) 
C12 3382(2) -580.9(13) 6535.9(11) 50.0(4) 
C2 1645(2) 2806.7(14) 3978.0(12) 50.3(4) 
C14 2727(2) -2000.7(13) 5268.7(13) 52.7(4) 
C13 3353(2) -1709.1(13) 6227.5(12) 47.2(4) 
C15 2189(2) -1156.0(14) 4593.6(12) 50.9(4) 
C5 1890(3) 656.5(17) 3160.1(12) 58.5(4) 
C6 1430(3) 1438.6(19) 2481.0(13) 67.7(5) 
C7 1922(3) 3967.1(15) 4423.2(14) 62.1(5) 
C9 2839(4) 4061.5(18) 5446.2(16) 85.4(7) 

 
Table S3. Anisotropic Displacement Parameters ( 2 3) for 6x. The Anisotropic displacement factor exponent 
takes the form: - 2[h2a*2U11+2hka*b*U12 ]. 

Atom U11 U22 U33  U23 U13 U12 

S1 67.6(3) 75.4(3) 53.4(3)  20.9(2) -7.2(2) 3.2(2) 
N4 51.5(7) 45.9(7) 37.3(6)  -0.1(5) 0.6(5) -2.8(5) 
N3 50.1(7) 44.2(7) 42.5(6)  3.6(5) 3.4(5) 0.2(5) 
C10 40.0(7) 42.9(7) 40.2(7)  -0.9(6) 2.8(5) -2.2(5) 
C11 60.9(9) 36.6(7) 43.3(8)  -3.0(6) -1.8(6) -2.1(6) 
O18 93.4(10) 64.6(8) 64.4(9)  17.0(7) -9.8(7) 3.2(7) 
O17 131.9(14) 42.7(7) 99.6(12)  6.0(7) 1.4(10) 16.5(8) 
O8 129.6(14) 56.4(8) 86.6(11)  25.2(8) 16.6(10) 19.4(8) 
N16 61.8(9) 43.7(7) 69.6(10)  10.0(7) 5.3(7) 2.5(6) 
C12 61.7(9) 43.1(8) 42.8(8)  -0.3(6) -3.9(7) -2.6(7) 
C2 49.2(8) 53.8(9) 48.0(8)  11.8(7) 6.2(7) 1.7(6) 
C14 62.4(10) 38.8(8) 57.7(9)  -7.5(7) 10.1(8) -2.5(7) 
C13 48.1(8) 39.9(7) 53.5(9)  4.4(6) 5.3(6) 0.4(6) 
C15 59.9(9) 48.2(8) 44.1(8)  -9.1(6) 4.5(7) -6.5(7) 
C5 70.6(11) 62.4(10) 41.0(8)  -4.1(7) -0.9(7) 0.1(8) 
C6 79.1(12) 81.9(13) 39.3(8)  3.4(8) -4.5(8) -2.3(10) 
C7 75.4(12) 48.6(9) 64.1(11)  12.7(8) 16.4(9) 5.6(8) 
C9 133(2) 50.3(11) 70.7(13)  -4.5(9) 1.2(13) -0.9(12) 
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Table S4. Bond Lengths for 6x. 

Atom Atom   Atom Atom  
S1 C2 1.7662(17)  O17 N16 1.221(2) 
S1 C6 1.741(2)  O8 C7 1.209(2) 
N4 N3 1.3732(18)  N16 C13 1.456(2) 
N4 C10 1.4092(19)  C12 C13 1.385(2) 
N4 C5 1.409(2)  C2 C7 1.492(3) 
N3 C2 1.279(2)  C14 C13 1.379(2) 
C10 C11 1.388(2)  C14 C15 1.377(2) 
C10 C15 1.397(2)  C5 C6 1.318(3) 
C11 C12 1.379(2)  C7 C9 1.481(3) 
O18 N16 1.216(2)     

 
 
Table S5. Bond Angles for 6x. 

Atom Atom Atom   Atom Atom Atom  
C6 S1 C2 95.11(8)  N3 C2 S1 127.68(14) 
N3 N4 C10 114.47(11)  N3 C2 C7 117.38(15) 
N3 N4 C5 119.05(13)  C7 C2 S1 114.89(12) 
C5 N4 C10 121.53(13)  C15 C14 C13 119.72(14) 
C2 N3 N4 120.42(13)  C12 C13 N16 118.85(15) 
C11 C10 N4 120.68(13)  C14 C13 N16 120.03(14) 
C11 C10 C15 119.59(14)  C14 C13 C12 121.12(15) 
C15 C10 N4 119.71(13)  C14 C15 C10 119.81(14) 
C12 C11 C10 120.46(14)  C6 C5 N4 123.17(18) 
O18 N16 O17 122.68(16)  C5 C6 S1 123.41(15) 
O18 N16 C13 119.23(15)  O8 C7 C2 118.72(19) 
O17 N16 C13 118.08(16)  O8 C7 C9 122.77(19) 
C11 C12 C13 119.08(14)  C9 C7 C2 118.51(15) 

 
 
Table S6. Hydrogen Atom Coordinates ( 104) and Isotropic Displacement Parameters ( 2 3) for 6x. 

Atom x y z U(eq) 
H11 2899.6 1026.79 6054.45 57 
H12 3738.74 -397.01 7192.55 60 
H14 2669.3 -2764.52 5078.89 63 
H15 1735.41 -1348.57 3950.35 61 
H5 2253.36 -60.87 2959.88 70 
H6 1547.15 1257.97 1828.43 81 
H9A 4066.33 3741.9 5484.41 128 
H9B 2124.48 3652.01 5881.46 128 
H9C 2919.09 4851.75 5635.87 128 
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1. General information

Common solvents and starting materials were purchased and used as received. If not stated 
otherwise, reactions in solutions were carried out under inert atmosphere of argon, in flame-dried 
flasks; subsequent manipulations were conducted in air. Products were purified either by filtration 
through a short silica gel pad (FCC) or by standard column chromatography (CC), using freshly 
distilled solvents as eluents; selected solid materials were recrystallized from appropriate solvents. 
Melting points were determined in capillaries with a Stuart SMP30 apparatus with automatic 
temperature monitoring, and are uncorrected. NMR experiments were performed with a Bruker 
Avance III or with a Bruker AvanceNeo instruments (1H at 600 MHz, 13C at 151 MHz, and 19F at 565 
MHz); chemical shifts are given relative to solvent residual peaks [for CDCl3: 1H NMR:  = 7.26, 13C 
NMR:  = 77.16; for DMSO-d6: 1H NMR:  = 2.50, 13C NMR:  = 39.52]1 or to CFCl3 (19F NMR:  = 0.00) 
used as external standard. The IR spectra were measured with an Agilent Cary 630 FTIR 
spectrometer, in neat. ESI-MS were performed with a Varian 500-MS LC Ion Trap; high resolution MS 
(ESI-TOF) measurements were taken with a Waters Synapt G2-Si mass spectrometer. Combustion 
analyses were performed with a Vario EL III (Elementar Analysensysteme GmbH) instrument. Starting 
nitrile imine precursors i.e. hydrazonoyl bromides 7a-7h were prepared in analogy to general 
literature protocol,2a by NBS-mediated bromination of the respective fluoral arylhydrazones.2b

2. Synthetic procedures and characterization data

General Procedure A for synthesis of 4-iodopyrazoles 4a-4f: A solution of 1-aryl-3-trifluoro-
methylpyrazole 3 (1.0 mmol), CAN (603 mg, 1.1 mmol), and elemental iodine (330 mg, 1.3 mmol) in 
MeCN (6 mL) was refluxed overnight. After solvent was removed in vacuo, the residue was dissolved 
in DCM (15 mL), the mixture was washed with sat. aq. Na2S2O3 (5 mL), then with water (10 mL), and 
the organic layer was dried over Na2SO4. The solvent was evaporated and the crude product 4 was 
purified by filtration through a short silica gel pad (FCC) or by standard column chromatography (CC). 

4-Iodo-1-(p-tolyl)-3-trifluoromethylpyrazole (4a): 

FCC (SiO2, hexane/DCM 3:2); yellow oil, 285 mg (81%). 1H NMR (600 

N
NF3C

Me

I

4a

MHz, CDCl3)  2.42 (s, 3H), 7.29-7.31 (m, 2H), 7.53-7.55 (m, 2H), 7.97 (s, 1H, 5-H). 13C{1H} NMR (151 
MHz, CDCl3)  21.1, 55.9 (q, 3JC-F  1.6 Hz), 119.7, 121.0 (q, 1JC-F = 270.2 Hz), 130.3, 134.4, 136.7, 138.5, 
144.9 (q, 2JC-F = 37.2 Hz). 19F NMR (565 MHz, CDCl3):   (s, CF3). IR (neat)  1521, 1470, 1394, 
1230, 1163, 1129, 1066, 992, 813 cm . ESI-MS (m/z): 353.1 (100, [M+H]+). Anal. calcd for C11H8F3IN2 
(352.1): C 37.52, H 2.29, N 7.96; found: C 37.45, H 2.33, N 7.85.
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4-Iodo-1-(p-isopropylphenyl)-3-trifluoromethylpyrazole (4b):

FCC (SiO2, hexane/DCM 4:1); yellow oil, 285 mg (75%). 1H NMR (600 

N
NF3C

I

4b

MHz, CDCl3)  1.29 (d, J = 7.0 Hz, 6H), 2.97 (hept, J = 7.0 Hz, 1H), 7.32-7.34 (m, 2H), 7.54-7.56 (m, 2H), 
7.96 (s, 1H, 5-H). 13C{1H} NMR (151 MHz, CDCl3)  23.9, 33.8, 55.8 (br, C-4), 119.8, 121.0 (q, 1JC-F = 
270.0 Hz), 127.7, 134.4, 136.8, 144.8 (q, 2JC-F = 37.3 Hz), 149.4. 19F NMR (565 MHz, CDCl3):   (s, 
CF3). IR (neat)  1525, 1502, 1476, 1394, 1230, 1163, 1129, 1051, 992, 835 cm . ESI-MS (m/z): 381.2 
(100, [M+H]+). Anal. calcd for C13H12F3IN2 (380.1): C 41.07, H 3.18, N 7.37; found: C 41.19, H 3.18, N 
7.36.

4-Iodo-1-phenyl-3-trifluoromethylpyrazole (4c):

FCC (SiO2, hexane); colorless oil, 297 mg (88%). 1H NMR (600 MHz, 

N
NF3C

I

4c

CDCl3)  7.37-7.40 (m, 1H), 7.47-7.50 (m, 2H), 7.64-7.66 (m, 2H), 8.00 (s, 1H, 5-H). 13C{1H} NMR (151 
MHz, CDCl3)  56.2 (q, 3JC-F  1.7 Hz), 119.8, 120.9 (q, 1JC-F = 270.2 Hz), 128.4, 129.8, 134.5, 138.9, 
145.2 (q, 2JC-F = 37.1 Hz). 19F NMR (565 MHz, CDCl3):   (s, CF3). IR (neat)  1599, 1476, 1394, 
1230, 1163, 1126, 1066, 992, 757, 686 cm . ESI-MS (m/z): 339.2 (100, [M+H]+). Anal. calcd for 
C10H6F3IN2 (338.1): C 35.53, H 1.79, N 8.29; found: C 35.57, H 1.81, N 8.32.

1-(p-Chlorophenyl)-4-iodo-3-trifluoromethylpyrazole (4d):

FCC (SiO2, hexane/DCM 4:1); pale yellow solid, 290 mg (78%); mp 60-

N
NF3C

Cl

I

4d

62 °C. 1H NMR (600 MHz, CDCl3)  7.43-7.46 (m, 2H), 7.58-7.61 (m, 2H), 7.97 (s, 1H, 5-H). 13C{1H} 
NMR (151 MHz, CDCl3)  56.6 (q, 3JC-F  1.6 Hz), 120.7 (q, 1JC-F = 270.3 Hz), 120.9, 130.0, 134.1, 134.4, 
137.3, 145.5 (q, 2JC-F = 37.4 Hz). 19F NMR (565 MHz, CDCl3):   (s, CF3). IR (neat)  1476, 1387, 
1230, 1156, 1111, 1059, 985, 958, 824 cm . ESI-MS (m/z): 375.1 (38, [M{37Cl}+H]+), 373.1 (100, 
[M{35Cl}+H]+). Anal. calcd for C10H5ClF3IN2 (372.5): C 32.24, H 1.35, N 7.52; found: C 32.35, H 1.40, N 
7.36.
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4-Iodo-1-(p-trifluoromethylphenyl)-3-trifluoromethylpyrazole (4e):

FCC (SiO2, hexane/DCM 9:1); colorless solid, 300 mg (74%); mp 62-63 

N
NF3C

CF3

I

4e

°C. 1H NMR (600 MHz, CDCl3)  7.75-7.77 (m, 2H), 7.80-7.82 (m, 2H), 8.08 (s, 1H, 5-H). 13C{1H} NMR 
(151 MHz, CDCl3)  57.2 (br, C-4), 119.6 (br), 120.7 (q, 1JC-F = 270.5 Hz, 3-CF3), 123.7 (q, 1JC-F = 272.2 
Hz), 127.2 (q, 3JC-F = 3.8 Hz), 130.3 (q, 2JC-F = 33.2 Hz), 134.5, 141.1, 146.0 (q, 2JC-F = 37.5 Hz). 19F NMR 
(565 MHz, CDCl3):    (2s, 2CF3). IR (neat)  1618, 1476, 1390, 1320, 1238, 1137, 1107, 
1078, 1055, 992, 954, 842, 801 cm . ESI-MS (m/z): 407.1 (100, [M+H]+). Anal. calcd for C11H5F6IN2 
(406.1): C 32.54, H 1.24, N 6.90; found: C 32.52, H 1.38, N 6.88.

4-(4-Iodo-3-trifluoromethylpyrazol-1-yl)benzonitrile (4f):

FCC (SiO2, hexane/DCM 1:1); colorless solid, 247 mg (68%); mp 149-

N
NF3C

CN

I

4f

151 °C. 1H NMR (600 MHz, CDCl3)  7.79-7.84 (m, 4H), 8.11 (s, 1H, 5-H). 13C{1H} NMR (151 MHz, 
CDCl3)  57.8 (br, C-4), 111.9, 117.9, 119.7, 120.5 (q, 1JC-F = 270.6 Hz), 134.0, 134.5, 141.5, 146.4 (q, 
2JC-F = 37.8 Hz). 19F NMR (565 MHz, CDCl3):   (s, CF3). IR (neat)  2229, 1607, 1506, 1476, 1390, 
1279, 1170, 1115, 1051, 947, 764, 741 cm . (-)-ESI-MS (m/z): 361.8 (100, [M H] ). Anal. calcd for 
C11H5F3IN3 (363.1): C 36.39, H 1.39, N 11.57; found: C 36.49, H 1.36, N 11.52.

Attempted synthesis of 4h by treatment of 1-(p-methoxyphenyl)-3-trifluoromethylpyrazole (3h) with 
I2/CAN according to the General Procedure A provided a mixture of 4-iodopyrazole derivatives 8 and 
9, which were isolated by standard column chromatography (CC).

4-Iodo-1-(3-iodo-4-methoxyphenyl)-3-trifluoromethylpyrazole (8):

CC (SiO2, hexane/DCM 7:3, first eluted); colorless solid, 148 mg (30%); 

N
NF3C

OMe

I

8

I

mp 92-94 °C. 1H NMR (600 MHz, CDCl3)  3.93 (s, 3H), 6.87 (d, J = 8.8 Hz, 1H), 7.60 (dd, J = 2.7, 8.8 Hz, 
1H), 7.91 (s, 1H, 5-H), 8.06 (d, J = 2.7 Hz, 1H). 13C{1H} NMR (151 MHz, CDCl3)  56.1 (q, 3JC-F  1.5 Hz), 
56.9, 86.3, 110.9, 120.8 (q, 1JC-F = 270.3 Hz), 121.2, 131.1, 133.2, 134.5, 145.1 (q, 2JC-F = 37.3 Hz), 
158.3. 19F NMR (565 MHz, CDCl3):   (s, CF3). IR (neat)  1487, 1275, 1230, 1163, 1115, 1070, 
1044, 988, 813 cm . ESI-MS (m/z): 495.0 (100, [M+H]+). Anal. calcd for C11H7F3I2N2O (494.0): C 26.75, 
H 1.43, N 5.67; found: C 26.76, H 1.65, N 5.41.
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4-Iodo-1-(4-methoxy-3-nitrophenyl)-3-trifluoromethylpyrazole (9):

CC (SiO2, hexane/DCM 7:3, second eluted); pale yellow solid, 193 mg 

N
NF3C

OMe

I

9

NO2

(39%); mp 131-133 °C. 1H NMR (600 MHz, CDCl3)  4.03 (s, 3H), 7.22 (d, J = 9.1 Hz, 1H), 7.90 (dd, J = 
2.8, 9.1 Hz, 1H), 8.01 (s, 1H, 5-H), 8.16 (d, J = 2.8 Hz, 1H). 13C{1H} NMR (151 MHz, CDCl3)  56.6 (q, 3JC-F 

 1.4 Hz), 57.2, 114.9, 117.3, 120.6 (q, 1JC-F = 270.5 Hz), 125.3, 131.6, 134.4, 139.6, 145.7 (q, 2JC-F = 
37.5 Hz), 152.6. 19F NMR (565 MHz, CDCl3):   (s, CF3). IR (neat)  1536, 1476, 1346, 1275, 
1223, 1170, 1126, 1066, 992, 876, 816, 746 cm . ESI-MS (m/z): 414.1 (100, [M+H]+). HRMS (ESI-TOF) 
m/z: [M+H]+ calcd for C11H8F3IN3O3 413.9562, found 413.9572.

Competition experiment: A solution of 3a (22.6 mg, 0.1 mmol), 3f (23.7 mg, 0.1 mmol), CAN (27.4 
mg, 0.05 mmol), and elemental iodine (12.7 mg, 0.05 mmol) in MeCN (1 mL) was refluxed overnight. 
After standard aqueous work-up according to General Procedure A the resulting mixture was 
analyzed by 1H NMR spectroscopy, which evidenced the formation of the expected products 4a and 
4f in ca. 10:1 ratio, along with unconsumed starting materials (conversion of 3a: 79%; conversion of 
3f: 8%).

General Procedure B for synthesis of 4-iodopyrazoles 4g and 4h: To a solution of CF3-pyrazole 
3g or 3h (1.0 mmol) in glacial acetic acid (1 mL) was added a solution of NIS (338 mg, 1.5 mmol) in 
TFA (1 mL) and the resulting mixture was heated overnight at 80 °C. The solution was cooled to room 
temperature, diluted with DCM (60 mL), washed with sat. aq. Na2S2O3 (2 x 5 mL), and then with sat. 
aq. NaHCO3 (3 x 5 mL). The organic layer was separated, dried over Na2SO4, and solvents were 
removed in vacuo. The products were purified by column chromatography (CC).

4-(4-Iodo-3-trifluoromethylpyrazol-1-yl)-benzenosulfonamide (4g):

CC (SiO2, hexane/EtOAc 2:3); light yellow solid, 296 mg (71%); mp 

N
NF3C

SO2NH

I

4g

166-168 °C. 1H NMR (600 MHz, DMSO-d6)  7.48 (sbr, 2H, NH2), 7.97-7.99 (m, 2H), 8.05-8.08 (m, 2H), 
9.05 (s, 1H, 5-H). 13C{1H} NMR (151 MHz, DMSO-d6)  59.7 (br), 119.4, 120.9 (q, 1JC-F = 270.0 Hz), 
127.4, 136.7, 140.2, 143.2, 144.1 (q, 2JC-F = 36.4 Hz). 19F NMR (565 MHz, DMSO-d6):   (s, CF3). 
IR (neat)  3340, 3247, 1592, 1477, 1387, 1331, 1234, 1156, 1118, 1096, 992, 910, 835 cm . HRMS ((-
)-ESI-TOF) m/z: [M H]  calcd for C10H7F3IN3O2S 415.9177, found 415.9178.
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Following the General Procedure B the reaction of 3h (1.0 mmol) with NIS (1.5 mmol) in AcOH/TFA 
provided, after standard work-up, a ca. 4:1 mixture of 4-iodopyrazole 4h and 3-iodo-4-
methoxyphenyl-functionalized pyrazole 10 identified as major products, which were separated by 
standard column chromatography (CC).

4-Iodo-1-(p-methoxyphenyl)-3-trifluoromethylpyrazole (4h): 

CC (SiO2, hexane/EtOAc 9:1, first eluted); yellow oil, 133 mg (36%). 1H 

N
NF3C

OMe

I

4h

NMR (600 MHz, CDCl3)  3.85 (s, 3H), 6.97-6.99 (m, 2H), 7.53-7.56 (m, 2H), 7.90 (s, 1H, 5-H). 13C{1H} 
NMR (151 MHz, CDCl3)  55.6 (br, C-4), 55.8, 114.9, 121.0 (q, 1JC-F = 270.1 Hz), 121.6, 132.6, 134.6, 
144.9 (q, 2JC-F = 37.2 Hz), 159.7. 19F NMR (565 MHz, CDCl3):   (s, CF3). IR (neat)  1521, 1502, 
1476, 1230, 1163, 1126, 1066, 1029, 992, 831 cm . HRMS (ESI-TOF) m/z: [M+H]+ calcd for 
C11H9F3IN2O2 368.9712, found 368.9712.

1-(3-Iodo-4-methoxyphenyl)-3-trifluoromethylpyrazole (10):

CC (SiO2, hexane/EtOAc 9:1, second eluted); light orange oil, 37 mg 

N
NF3C

OMe
10

I

(10%). 1H NMR (600 MHz, CDCl3)  3.93 (s, 3H), 6.70 (d, J = 2.0 Hz, 1H), 6.88 (d, J = 8.8 Hz, 1H), 7.64 
(dd, J = 8.8, 2.7 Hz, 1H), 7.84 (mc, 1H), 8.11 (d, J = 2.7 Hz, 1H). 13C{1H} NMR (151 MHz, CDCl3)  56.9, 
86.2, 106.1 (q, 3JC-F = 2.2 Hz), 110.9, 121.3 (q, 1JC-F = 268.7 Hz), 128.5, 131.3, 133.9, 144.0 (q, 2JC-F = 
38.5 Hz), 158.0. 19F NMR (565 MHz, CDCl3):   (s, CF3). IR (neat)  1495, 1383, 1275, 1167, 
1129, 1051, 1018, 958, 805, 764 cm . HRMS (ESI-TOF) m/z: [M+H]+ calcd for C11H9F3IN2O 368.9712, 
found 368.9720.
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General Procedure C for synthesis of 5-iodopyrazoles 5a-5h: To a solution of 1-aryl-3-CF3-
pyrazole 3 (1.0 mmol) in dry THF (5 mL) was added dropwise n-BuLi (2.5M in hexane, 0.52 mL, 1.3 
mmol) under vigorous stirring at 78 °C. After 10 min, a solution of iodine (356 mg, 1.4 mmol) in dry 
THF (3 mL) was added and the mixture was allowed to reach room temperature within 4h. The 
resulting was diluted with DCM (30 mL), washed with sat. aq. Na2S2O3 (10 mL), then with water (5 
mL), the organic layer was dried over Na2SO4, and the solvents were removed under reduced 
pressure. Crude product was isolated by filtration through a short silica gel pad (FCC).

5-Iodo-1-(p-tolyl)-3-trifluoromethyl-1H-pyrazole (5a): 

 FCC (SiO2, hexane/DCM 1:1); light orange solid, 303 mg (86%). 1H 

N
NF3C

Me
5a

I

NMR (600 MHz, CDCl3)  2.44 (s, 3H), 6.86 (s, 1H, 4-H), 7.30-7.31 (m, 2H), 7.38-7.40 (m, 2H). 13C{1H} 
NMR (151 MHz, CDCl3)  21.3, 83.0, 115.1 (q, 3JC-F  2.1 Hz), 120.8 (q, 1JC-F = 269.3 Hz), 126.3, 129.7, 
137.1, 139.9, 145.4 (q, 2JC-F = 38.8 Hz). 19F NMR (565 MHz, CDCl3):   (s, CF3). IR (neat)  1506, 
1457, 1368, 1230, 1167, 1118, 1085, 980, 965, 824, 801 cm . ESI-MS (m/z): 353.1 (100, [M+H]+). 
Anal. calcd for C11H8F3IN2 (352.1): C 37.52, H 2.29, N 7.96; found: C 37.62, H 2.31, N 7.77.

5-Iodo-1-(p-isopropylphenyl)-3-trifluoromethylpyrazole (5b):

FCC (SiO2, hexane/DCM 9:1); colorless oil, 296 mg (78%). 1H NMR 

N
NF3C

5b

I

(600 MHz, CDCl3)  1.30 (d, J = 7.0 Hz, 6H), 3.00 (hept, J = 7.0 Hz, 1H), 6.87 (s, 1H, 4-H), 7.35-7.37 (m, 
2H), 7.42-7.44 (m, 2H). 13C{1H} NMR (151 MHz, CDCl3)  24.0, 34.1, 82.9, 115.2 (q, 3JC-F = 2.1 Hz, C-5), 
120.8 (q, 1JC-F = 269.3 Hz), 126.4, 127.2, 137.3, 145.4 (q, 2JC-F = 38.9 Hz), 150.7. 19F NMR (565 MHz, 
CDCl3):   (s, CF3). IR (neat)  1506, 1457, 1372, 1230, 1170, 1133, 1100, 980, 835 cm . HRMS 
(ESI-TOF) m/z: [M+H]+ calcd for C13H13F3IN2 381.0076, found 381.0082.

5-Iodo-1-phenyl-3-trifluoromethylpyrazole (5c):

FCC (SiO2, hexane/DCM 4:1); light orange oil, 284 mg (84%). 1H NMR 

N
NF3C

5c

I

(600 MHz, CDCl3)  6.89 (s, 1H, 4-H) 7.47-7.54 (m, 5H). 13C{1H} NMR (151 MHz, CDCl3)  82.9, 115.4 
(q, 3JC-F  2.1 Hz), 120.7 (q, 1JC-F = 269.3 Hz), 126.5, 129.2, 129.7, 139.5, 145.6 (q, 2JC-F = 38.9 Hz). 19F 
NMR (565 MHz, CDCl3):   (s, CF3). IR (neat)  1495, 1368, 1230, 1167, 1129, 1100, 980, 764, 
696 cm . ESI-MS (m/z): 339.2 (100, [M+H]+). Anal. calcd for C10H6F3IN2 (338.1): C 35.53, H 1.79, N 
8.29; found: C 35.44, H 1.77, N 8.30.
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1-(p-Chlorophenyl)-5-iodo-3-trifluoromethylpyrazole (5d):

FCC (SiO2, hexane/DCM 9:1); light orange solid, 286 mg (77%); mp 

N
NF3C

Cl
5d

I

120-121 °C. 1H NMR (600 MHz, CDCl3)  6.89 (s, 1H, 4-H), 7.47-7.51 (m, 4H). 13C{1H} NMR (151 MHz, 
CDCl3)  82.8, 115.7 (q, 3JC-F = 2.2 Hz), 120.6 (q, 1JC-F = 269.3 Hz), 127.9, 129.5, 135.8, 138.0, 146.0 (q, 
2JC-F = 39.1 Hz). 19F NMR (565 MHz, CDCl3):   (s, CF3). IR (neat)  1487, 1364, 1226, 1178, 1126, 
1088, 980, 828, 801, 738 cm . ESI-MS (m/z): 375.0 (31, [M{37Cl}+H]+), 373.1 (100, [M{35Cl}+H]+). Anal. 
calcd for C10H5ClF3IN2 (372.5): C 32.24, H 1.35, N 7.52; found: C 32.37, H 1.61, N 7.54.

5-Iodo-1-(p-trifluoromethylphenyl)-3-trifluoromethylpyrazole (5e):

FCC (SiO2, hexane/DCM 9:1); orange solid, 349 mg (86%); mp 101-103 

N
NF3C

CF3
5e

I

°C. 1H NMR (600 MHz, CDCl3)  6.93 (s, 1H, 4-H), 7.70-7.73 (m, 2H), 7.78-7.81 (m, 2H). 13C{1H} NMR 
(151 MHz, CDCl3)  82.3, 116.3 (q, 3JC-F = 2.1 Hz) 120.6 (q, 1JC-F = 269.5 Hz, 3-CF3), 123.7 (q, 1JC-F = 272.5 
Hz), 126.5 (q, 3JC-F = 3.7 Hz), 126.9, 131.7 (q, 2JC-F = 33.2 Hz), 142.2, 146.4 (q, 2JC-F = 39.2 Hz). 19F NMR 
(565 MHz, CDCl3):    (2s, 2CF3). IR (neat)  1618, 1513, 1398, 1364, 1323, 1230, 1156, 
1103, 1066, 980, 846, 813, 701 cm . HRMS (ESI-TOF) m/z: [M+H]+ calcd for C11H6F3IN2 406.9480, 
found 406.9478. Anal. calcd for C11H5F6IN2 (406.1): C 32.54, H 1.24, N 6.90; found: C 32.56, H 1.46, N 
7.05.

4-(5-Iodo-3-trifluoromethylpyrazol-1-yl)benzonitrile (5f):

FCC (SiO2, hexane/DCM 4:1) followed by recrystallization from 

N
NF3C

CN
5f

I

hexane; light orange solid, 239 mg (66%); mp 116-117 °C. 1H NMR (600 MHz, CDCl3)  6.94 (s, 1H, 4-
H), 7.74-7.76 (m, 2H), 7.82-7.84 (m, 2H). 13C{1H} NMR (151 MHz, CDCl3)  82.0, 113.5, 116.7 (q, 3JC-F = 
2.0 Hz), 117.8, 120.4 (q, 1JC-F = 269.5 Hz), 127.0, 133.2, 142.6, 146.7 (q, 2JC-F = 39.3 Hz). 19F NMR (565 
MHz, CDCl3):   (s, CF3). IR (neat)  2233, 1607, 1506, 1368, 1230, 1185, 1126, 1092, 980, 846, 
813 cm . ESI-MS (m/z): 364.0 (100, [M+H]+). Anal. calcd for C11H5F3IN3 (363.1): C 36.39, H 1.39, N 
11.57; found: C 36.24, H 1.55, N 11.71.
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4-(5-Iodo-3-trifluoromethylpyrazol-1-yl)-benzenosulfonamide (5g)3: Following our previous report, 
4/5-unsubstituted pyrazole 3g (1.0 mmol) in a mixture of dry THF (5 mL) and TMEDA (0.45 mL) was 
reacted with excess n-BuLi (2.5M in hexane, 1.2 mL, 3.0 mmol), at -78 °C, and treated with a solution 
of I2 (812 mg, 3.2 mmol) in dry THF to give after standard work-up (performed according to General 
Procedure C) crude product 5g which was purified by column chromatography (CC).

CC (SiO2, hexane/EtOAc 3:1 gradient 3:2); colorless solid, 270 mg 

N
NF3C

SO2NH
5g

I

(65%); mp 165-167 °C. 1H NMR (600 MHz, DMSO-d6)  7.34 (s, 1H, 4-H), 7.57 (sbr, 2H, NH2), 7.82-7.85 
(m, 2H), 8.00-8.04 (m, 2H). 13C{1H} NMR (151 MHz, DMSO-d6)  89.0, 115.6 (br), 120.8 (q, 1JC-F = 269.2 
Hz), 126.8, 127.2, 141.4, 144.3 (q, 2JC-F = 38.0 Hz), 144.9. 19F NMR (565 MHz, DMSO-d6):   (s, 
CF3). NMR spectra of 5g in full accordance to the literature data.3

5-Iodo-1-(p-methoxyphenyl)-3-trifluoromethylpyrazole (5h)3: 

CC (SiO2, hexane/EtOAc 9:1); colorless solid, 327 mg (89%); mp 84-85 

N
NF3C

OMe
5h

I

°C. 1H NMR (600 MHz, CDCl3)  3.87 (s, 3H), 6.85 (s, 1H, 4-H), 6.98-7.01 (m, 2H), 7.39-7.42 (m, 2H). 
13C{1H} NMR (151 MHz, CDCl3)  55.7, 83.7, 114.3, 114.9 (q, 3JC-F = 2.1 Hz), 120.8 (q, 1JC-F = 269.2 Hz), 
128.0, 132.6, 145.3 (q, 2JC-F = 38.9 Hz), 145.3. 19F NMR (565 MHz, CDCl3):   (s, CF3). NMR 
spectra of 5h in full accordance to the literature data.3

Synthesis of diaryl 3-trifluoromethyl pyrazoles 11 and 12 through Suzuki-Myiaura cross-
coupling: A solution of 4a or 5a (88 mg, 0.25 mmol), solid K2CO3 (138 mg, 1.0 mmol) and 
phenylboronic acid (46 mg, 0.38 mmol) in THF/H2O (4:1 mixture, 10 mL) was degassed by a 
repeated procedure of freeze-pump-thaw, and Pd(PPh3)4 (87 mg, 30 mol% with respect to 
iodopyrazole) was added. The mixture was refluxed for 2 d, cooled to room temperature, 
diluted with H2O (20 mL), and the resulting was extracted with DCM (3 x 5 mL). Combined 
organics were dried over Na2SO4, filtered, and the solvents were removed under reduced 
pressure. Crude product was purified by standard column chromatography (CC).

4-Phenyl-1-(p-tolyl)-3-trifluoromethylpyrazole (11): 

CC (SiO2, hexane/DCM 9:1); colorless solid, 42 mg (56%); mp 69-71 

N
NF3C

Me
11

°C. 1H NMR (600 MHz, CDCl3)  2.42 (s, 3H), 7.28-7.31 (m, 2H), 7.36-7.39 (m, 1H), 7.42-7.44 (m, 2H), 
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7.47-7.50 (m, 2H), 7.61-7.63 (m, 2H), 7.96 (s, 1H, 5-H). 13C{1H} NMR (151 MHz, CDCl3)  21.1, 119.8, 
121.8 (q, 1JC-F = 269.7 Hz), 123.7 (br, C-4), 127.6, 128.0, 128.7, 128.8 (br, ortho-CH), 130.3, 130.5, 
137.1, 137.9, 140.2 (q, 2JC-F = 36.7 Hz). 19F NMR (565 MHz, CDCl3):   (s, CF3). IR (neat)  1521, 
1476, 1402, 1293, 1223, 1156, 1118, 1070, 980, 816, 764, 693 cm . ESI-MS (m/z): 303.3 (100, 
[M+H]+). Anal. calcd for C17H13F3N2 (302.3): C 67.54, H 4.33, N 9.27; found: C 67.63, H 4.34, N 9.04.

5-Phenyl-1-(p-tolyl)-3-trifluoromethylpyrazole (12): 

CC (SiO2, hexane/DCM 9:1); colorless solid, 47 mg (62%); mp 83-85 

N
NF3C

Me
12

°C. 1H NMR (600 MHz, CDCl3)  2.37 (s, 3H), 6.74 (s, 1H, 4-H), 7.14-7.16 (m, 2H), 7.18-7.20 (m, 2H), 
7.21-7.24 (m, 2H), 7.31-7.36 (m, 3H). 13C{1H} NMR (151 MHz, CDCl3)  21.3, 105.5 (q, 3JC-F = 2.1 Hz), 
121.5 (q, 1JC-F = 269.1 Hz), 125.5, 128.8, 128.9, 129.0, 129.5, 129.8, 137.0, 138.6, 143.1 (q, 2JC-F = 38.3 
Hz), 144.7. 19F NMR (565 MHz, CDCl3):   (s, CF3). IR (neat)  1506,1454, 1379, 1275, 1230, 
1126, 1074, 969, 820, 764, 690 cm . ESI-MS (m/z): 303.3 (100, [M+H]+). Anal. calcd for C17H13F3N2 
(302.3): C 67.54, H 4.33, N 9.27; found: C 67.57, H 4.51, N 9.31.

Synthesis of tri-substituted pyrazoles 13 and 14 through Sonogashira cross-coupling: A 
solution of iodopyrazole 4a or 5a (88 mg, 0.20 mmol), Pd(PPh3)4 (23 mg, 0.02), and CuI (3.8 
mg, 0.02 mmol) in a mixture of dry Et3N (1.5 mL) and dry THF (2.0 mL) was degassed by a 
repeated procedure of freeze-pump-thaw. Meanwile, phenylacetylene (25.5 mg, 0.25 mmol) 
was dissolved in dry THF (2.0 mL) in a separate flask, under argon, and theresulting mixture 
was added dropwise to the first reaction flask. The mixture was heated at 80 °C for 24 h, 
cooled to room temperature, diluted with H2O (10 mL), and extracted with DCM (3 x 15 mL). 
The combined organic layers were dried over Na2SO4, filtered, the solvents were removed in 
vacuo, and the resulting crude product was purified by column chromatography (CC).

4-Phenylethynyl-1-(p-tolyl)-3-trifluoromethylpyrazole (13): 

CC (SiO2, hexane/DCM 4:1); colorless solid, 62 mg (95%); mp 

N
NF3C

Me
13

104-106 °C. 1H NMR (600 MHz, CDCl3)  2.41 (s, 3H), 7.27-7.30 (m, 2H), 7.34-7.38 (m, 3H), 7.52-7.55 
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(m, 2H), 7.56-7.58 (m, 2H), 8.07 (s, 1H, 5-H). 13C{1H} NMR (151 MHz, CDCl3)  21.1, 77.1, 93.8, 104.2 
(q, 3JC-F = 1.7 Hz), 119.9, 121.0 (q, 1JC-F = 270.2 Hz), 122.9, 128.5, 128.8, 130.3, 130.9, 131.7, 136.8, 
138.4, 144.1 (q, 2JC-F = 37.1 Hz). 19F NMR (565 MHz, CDCl3):   (s, CF3). IR (neat)  1521, 1484, 
1405, 1305, 1230, 1170, 1118, 1055, 962, 816, 760, 690 cm . ESI-MS (m/z): 327.3 (100, [M+H]+). 
Anal. calcd for C19H13F3N2 (326.3): C 69.93, H 4.02, N 8.58; found: C 69.84, H 4.00, N 8.40.

5-Phenylethynyl-1-(p-tolyl)-3-trifluoromethylpyrazole (14): 

CC (SiO2, hexane/DCM 9:1); colorless solid, 60 mg (92%); mp 74-76 

N
NF3C

Me
14

°C. 1H NMR (600 MHz, CDCl3)  2.44 (s, 3H), 6.91 (s, 1H, 4-H), 7.30-7.32 (m, 2H), 7.35-7.41 (m, 3H), 
7.44-7.46 (m, 2H), 7.69-7.72 (m, 2H). 13C{1H} NMR (151 MHz, CDCl3)  21.3, 77.3, 97.4, 110.0 (q, 3JC-F = 
2.2 Hz), 121.1 (q, 1JC-F = 269.0 Hz), 121.6, 123.9, 126.6, 128.7, 129.6, 129.7, 131.6, 136.9, 138.9, 143.0 
(q, 2JC-F = 38.8 Hz). 19F NMR (565 MHz, CDCl3):   (s, CF3). IR (neat)  1498, 1375, 1282, 1230, 
1185, 1163, 1111, 1036, 973, 820, 753, 690 cm . ESI-MS (m/z): 327.3 (100, [M+H]+). Anal. calcd for 
C19H13F3N2 (326.3): C 69.93, H 4.02, N 8.58; found: C 70.01, H 4.15, N 8.52.
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3. Copies of NMR spectra

Fig S1. 1H NMR (600 MHz, CDCl3), 13C NMR (151 MHz, CDCl3) and 19F NMR (565 MHz, CDCl3) spectra for compound 4a.

N
NF3C

Me

I

4a
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Fig S2. 1H NMR (600 MHz, CDCl3), 13C NMR (151 MHz, CDCl3) and 19F NMR (565 MHz, CDCl3) spectra for compound 4b.
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Fig S3. 1H NMR (600 MHz, CDCl3), 13C NMR (151 MHz, CDCl3) and 19F NMR (565 MHz, CDCl3) spectra for compound 4c.
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Fig S4. 1H NMR (600 MHz, CDCl3), 13C NMR (151 MHz, CDCl3) and 19F NMR (565 MHz, CDCl3) spectra for compound 4d.
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Fig S5. 1H NMR (600 MHz, CDCl3), 13C NMR (151 MHz, CDCl3) and 19F NMR (565 MHz, CDCl3) spectra for compound 4e.
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Fig S6. 1H NMR (600 MHz, CDCl3), 13C NMR (151 MHz, CDCl3) and 19F NMR (565 MHz, CDCl3) spectra for compound 4f.
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Fig S7. 1H NMR (600 MHz), 13C NMR (151 MHz) and 19F NMR (565 MHz) spectra for compound 4g, taken in DMSO-d6.
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Fig S8. 1H NMR (600 MHz, CDCl3), 13C NMR (151 MHz, CDCl3) and 19F NMR (565 MHz, CDCl3) spectra for compound 4h.

N
NF3C

OMe

I

4h



S20

Fig S9. 1H NMR (600 MHz, CDCl3), 13C NMR (151 MHz, CDCl3) and 19F NMR (565 MHz, CDCl3) spectra for compound 5a.
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Fig S10. 1H NMR (600 MHz, CDCl3), 13C NMR (151 MHz, CDCl3) and 19F NMR (565 MHz, CDCl3) spectra for compound 5b.
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Fig S11. 1H NMR (600 MHz, CDCl3), 13C NMR (151 MHz, CDCl3) and 19F NMR (565 MHz, CDCl3) spectra for compound 5c.
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Fig S12. 1H NMR (600 MHz, CDCl3), 13C NMR (151 MHz, CDCl3) and 19F NMR (565 MHz, CDCl3) spectra for compound 5d.
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Fig S13. 1H NMR (600 MHz, CDCl3), 13C NMR (151 MHz, CDCl3) and 19F NMR (565 MHz, CDCl3) spectra for compound 5e.
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Fig S14. 1H NMR (600 MHz, CDCl3), 13C NMR (151 MHz, CDCl3) and 19F NMR (565 MHz, CDCl3) spectra for compound 5f.
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Fig S15. 1H NMR (600 MHz), 13C NMR (151 MHz), and 19F NMR (565 MHz) spectra for compound 5g, taken in DMSO-d6.
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Fig S16. 1H NMR (600 MHz, CDCl3), 13C NMR (151 MHz, CDCl3) and 19F NMR (565 MHz, CDCl3) spectra for compound 5h.
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Fig S17. 1H NMR (600 MHz, CDCl3), 13C NMR (151 MHz, CDCl3) and 19F NMR (565 MHz, CDCl3) spectra for compound 8.
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Fig S18. 1H NMR (600 MHz, CDCl3), 13C NMR (151 MHz, CDCl3) and 19F NMR (565 MHz, CDCl3) spectra for compound 9.
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Fig S19. 1H NMR (600 MHz, CDCl3), 13C NMR (151 MHz, CDCl3) and 19F NMR (565 MHz, CDCl3) spectra for compound 10.
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Fig S20. 1H NMR (600 MHz, CDCl3), 13C NMR (151 MHz, CDCl3) and 19F NMR (565 MHz, CDCl3) spectra for compound 11.
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Fig S21. 1H NMR (600 MHz, CDCl3), 13C NMR (151 MHz, CDCl3) and 19F NMR (565 MHz, CDCl3) spectra for compound 12.

N
NF3C

Me
12



S33

Fig S22. 1H NMR (600 MHz, CDCl3), 13C NMR (151 MHz, CDCl3) and 19F NMR (565 MHz, CDCl3) spectra for compound 13.
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Fig S23. 1H NMR (600 MHz, CDCl3), 13C NMR (151 MHz, CDCl3) and 19F NMR (565 MHz, CDCl3) spectra for compound 14.
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1. General information 

 
Experimental procedures: All commercially available reagents and solvents were used as received. 
Products were purified by filtration through a short plug of silica gel (FCC) or standard column 
chromatography (CC; SiO2, 230-400 mesh) by using freshly distilled solvents, and recrystallized from 
appropriate solvents. NMR spectra were taken on a Bruker AVIII instrument (1H at 600 MHz, 13C at 151 
MHz, and 19F NMR at 565 MHz); chemical shifts are reported relative to the solvent residual peaks [for 
CDCl3: 1H NMR: = 7.26, 13C NMR: = 77.16; for DMSO-d6: 1H NMR: = 2.50, 13C NMR: = 39.52]1 or to 
CFCl3 ( = 0.00) used as external standard. The IR spectra were taken with an Agilent Cary 630 FTIR 
spectrometer, in neat. (ESI)-MS were performed with a Varian 500-MS LC Ion Trap; high resolution MS 
(ESI-TOF) measurements were performed with a Waters Synapt G2-Si mass spectrometer. Combustion 
analyses were obtained with a Vario EL III (Elementar Analysensysteme GmbH) instrument. Optical 
rotations were determined with a Perkin-Elmer 241 polarimeter at the temperatures indicated. Melting 
points were determined in capillaries with a MEL-TEMP apparatus (Laboratory Devices) or with a 
polarizing optical microscope (POM, Opta-Tech) and are uncorrected. Single crystals of 1bb were 
measured on a XtaLAB Synergy, Dualflex, Pilatus 300K diffractometer using mirror-
radiation. Crystallographic data have been deposited at the Cambridge Crystallographic Data Center as 
supplementary publication number CCDC-2425718. These data can be obtained free of charge from the 
CCDC, 12 Union Road, Cambridge CB2 1EZ, UK; fax: +44 (0) 1223 336 033; email: deposit@ccdc.cam.ac.uk 
(or via http://www.ccdc.cam.ac.uk/conts/retrieving.html).  
 
Starting materials: The hydrazonoyl bromides 2a-2g were prepared by NBS-mediated bromination of the 
azomethine group of the corresponding fluoral arylhydrazones.2 Key 1-aryl-3-trifluoromethylpyrazoles 3a-
3g were obtained following a general literature procedure via condensation of mercaptoacetaldehyde 
(used in the form of its dimer, 1,4-thiane-2,5-diol) with nitrile imines generated in situ by base-mediated 
dehydrohalogenation of the corresponding bromides 2, followed by spontaneous ring-contraction of the 
initially formed 1,3,4-thiadiazines (Scheme S1).3 The desired pyrazoles were isolated in high yield: 3a (X = 
Me; 96%), 3b (X = iPr; 85%), 3c (X = OMe; 92%), 3d (X = OBn; 97%), 3e (X = Cl; 86%), 3f (X = CF3; 70%), 3g 
(X = CN; 71%). The NMR data of the products 3a-3g were in full agreement with those reported in the 
literature.3 
Cautionary note: Organic azides can be explosive and toxic, and they should be handled on small scale 
according to safety protocols. Direct heating of organic azides as well as treatment with strong acids 
should be avoided.4 

 
Scheme S1. One-pot synthesis of key 3-CF3-pyrazoles 3a-3g.3  
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2. Synthetic procedures and characterization data 

 

General procedure for synthesis of pyrazole-triazole hybrids 1: A mixture of 5-azidopyrazole 1 (1.00 
mmol), acetylene (1.20 mmol), copper(II) sulfate pentahydrate (38 mg, 0.15 mmol) and sodium L-
ascorbate (59.5 mg, 0.30 mmol) in MeOH/H2 (oil bath) until the starting 
pyrazole was fully consumed (typically up to 5 h; TLC monitoring). The solvents were then evaporated, 
and the crude reaction mixture was dissolved in DCM (20 mL), dried over Na2SO4, and filtered through a 
Celite pad, which was washed with an additional portions of DCM (2 8 mL). After removal of the solvent 
in vacuo, product 1 was purified by flash column chromatography (FCC) and recrystallized from hexane. 
 
 
4-Phenyl-1-(1-(p-tolyl)-3-(trifluoromethyl)-1H-pyrazol-5-yl)-1H-1,2,3-triazole (1aa): 

 FCC (SiO2, hexane/EtOAc 4:1); colourless solid, 314 mg (85%); mp 120- 1H 
NMR (600 MHz, CDCl3)  7.80-7.79 (m, 2H), 7.75 (s, 1H), 7.45-7.43 (m, 2H), 7.39-7.36 (m, 1H), 7.20-7.17 
(m, 4H), 7.00 (s, 1H), 2.35 (s, 3H). 13C{1H} NMR (151 MHz, CDCl3)  148.5, 143.0 (q, 2JC-F = 39.6 Hz), 140.2, 
135.8, 134.5, 130.3, 129.4, 129.2, 129.1, 126.1, 124.3, 121.6, 120.7 (q, 1JC-F = 269.6 Hz), 103.0 (q, 3JC-F = 2.2 
Hz), 21.3. 19F NMR (565 MHz, CDCl3)  76 (s, CF3). IR (neat)  3153, 2963, 1580, 1502, 1364, 1238, 
1156, 1139, 1014 cm-1. (+)-ESI-MS (m/z): 370.4 (100, [M+H]+). Anal. calcd. for C19H14F3N5 (369.4): C 61.79, 
H 3.82, N 18.96; found: C 61.70, H 3.98, N 19.07. 
 
 
1-(1-(4-Isopropylphenyl)-3-(trifluoromethyl)-1H-pyrazol-5-yl)-4-phenyl-1H-1,2,3-triazole (1ab) 

 FCC (SiO2, hexane/EtOAc 4:1); colourless solid, 309 mg (78%); mp 89-91 1H 
NMR (600 MHz, CDCl3)  7.80-7.78 (m, 3H), 7.45-7.42 (m, 2H), 7.39-7.36 (m, 1H), 7.25-7.21 (m, 4H), 6.99 
(s, 1H), 2.91 (hept, J = 6.9 Hz, 1H), 1.22 (d, J= 6.9 Hz, 6H). 13C{1H} NMR (151 MHz, CDCl3)  150.9, 148.4, 
142.9 (q, 2JC-F = 39.5 Hz), 135.7, 134.6, 129.3, 129.2, 129.1, 127.8, 126.1, 124.3, 121.7, 120.6 (q, 1JC-F = 269.2 
Hz), 103.0 (q, 3JC-F = 2.2 Hz), 34.0, 23.9. 19F NMR (565 MHz, CDCl3):  75 (s, CF3). IR (neat)  3131, 2967, 
2930, 1599, 1506, 1379, 1241, 1141, 1021, 969 cm-1. (+)-ESI-MS (m/z): 398.3 (100, [M+H]+), 420.3 (69, 
[M+Na]+). Anal. calcd. for C21H18F3N5 (397.4): C 63.47, H 4.57, N 17.62; found: C 63.42, H 4.47, N 17.68. 
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1-(1-(4-Methoxyphenyl)-3-(trifluoromethyl)-1H-pyrazol-5-yl)-4-phenyl-1H-1,2,3-triazole (1ac): 

 FCC (SiO2, hexane/EtOAc 4:1); colourless solid, 320 mg (83%); mp 100- . 1H 
NMR (600 MHz, CDCl3)  7.79-7.78 (m, 3H), 7.44-7.42 (m, 2H), 7.38-7.35 (m, 1H), 7.24-7.21 (m, 2H), 6.98 
(s, 1H), 6.88-6.85 (m, 2H), 3.78 (s, 3H). 13C{1H} NMR (151 MHz, CDCl3)  160.5, 148.4, 142.8 (q, 2JC-F = 39.5 
Hz), 135.8, 129.7, 129.3, 129.14, 129.09, 126.1, 126.0, 121.6, 120.6 (q, 1JC-F = 269.5 Hz), 114.8, 102.8 (q, 
3JC-F = 2.7 Hz), 55.7. 19F NMR (565 MHz, CDCl3)  1 (s, CF3). IR (neat)  3124, 3075, 2968, 1584, 1502, 
1238, 1156, 1126, 1021, 969 cm-1. (+)-ESI-MS (m/z): 386.3 (100, [M+H]+), 408.2 (30, [M+Na]+). Anal. calcd. 
for C19H14F3N5O (385.4): C 59.22, H 3.66, N 18.17; found: C 59.17, H 3.57, N 18.09. 
 
 
1-(1-(4-(Benzyloxy)phenyl)-3-(trifluoromethyl)-1H-pyrazol-5-yl)-4-phenyl-1H-1,2,3-triazole (1ad): 

 FCC (SiO2, hexane/EtO Ac4:1); colourless solid, 373 mg (81%); mp 132- 1H 
NMR (600 MHz, CDCl3)  7.80-7.79 (m, 2H), 7.76 (s, 1H), 7.46-7.43 (m, 2H), 7.40-7.35 (m, 5H), 7.33-7.31 
(m, 1H), 7.25-7.23 (m, 2H), 6.99 (s, 1H), 6.97-6.94 (m, 2H), 5.05 (s, 2H). 13C{1H} NMR (151 MHz, CDCl3)  
159.7, 148.4, 142.9 (q, 2JC-F = 39.8 Hz), 136.2, 135.8, 129.9, 129.3, 129.2, 129.1, 128.8, 128.4, 127.6, 126.1, 
126.0, 121.6, 120.6 (q, 1JC-F = 269.8 Hz), 115.8, 102.8 (q, 3JC-F = 2.2 Hz), 70.5. 19F NMR (565 MHz, CDCl3)   

62.74 (s, CF3). IR (neat):  3096, 2941, 2887, 1580, 1521, 1502, 1390, 1238, 1141, 1100, 1006, 973 cm-1. 
(+)-ESI-MS (m/z): 462.4 (100, [M+H]+). Anal. calcd. for C25H18F3N5O (461.4): C 65.07, H 3.93, N 15.18; found: 
C 65.08, H 3.81, N 15.16. 
 
 
1-(1-(4-Chlorophenyl)-3-(trifluoromethyl)-1H-pyrazol-5-yl)-4-phenyl-1H-1,2,3-triazole (1ae): 

 FCC (SiO2, hexane/EtOAc 4:1); colourless solid, 335 mg (86%); mp 117- 1H 
NMR (600 MHz, CDCl3)  7.84 (s, 1H), 7.82-7.80 (m, 2H), 7.46-7.44 (m, 2H), 7.40-7.35 (m, 3H), 7.26-7.24 
(m, 2H), 7.00 (s, 1H). 13C{1H} NMR (151 MHz, CDCl3)  148.7, 143.4 (q, 2JC-F = 39.8 Hz), 135.9, 135.7, 135.4, 
130.0, 129.3, 129.2, 129.0, 126.1, 125.5, 121.7, 120.5 (q, 1JC-F = 269.2 Hz), 103.5 (q, 3JC-F = 2.7 Hz). 19F NMR 
(565 MHz, CDCl3):  87 (s, CF3). IR (neat)  3124, 3083, 2975, 1595, 1491,1387, 1241, 1185, 1137, 1088, 
1014, 969 cm-1. (+)-ESI-MS (m/z): 390.3 (100, [M{35Cl}+H]+), 392.3 (25, [M{37Cl}+H]+). Anal. calcd. for 
C18H11ClF3N5 (389.8): C 55.47; H 2.84; N 17.97 found: C 55.38; H 2.69, N 17.94. 
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4-Phenyl-1-(3-(trifluoromethyl)-1-(4-(trifluoromethyl)phenyl)-1H-pyrazol-5-yl)-1H-1,2,3-triazole (1af): 

 FCC (SiO2, hexane/EtOAc 4:1); colourless solid, 338 mg (80%); mp 136- . 1H 
NMR (600 MHz, CDCl3)  7.89 (s, 1H), 7.84-7.82 (m, 2H), 7.68-7.66 (m, 2H), 7.48-7.39 (m, 5H), 7.03 (s, 1H). 
13C{1H} NMR (151 MHz, CDCl3)  148.9, 143.9 (q, 2JC-F = 40.1 Hz), 139.7, 135.8, 131.7 (q, 2JC-F = 33.2 Hz), 
129.4, 129.3, 128.9, 127.0 (q, 3JC-F = 3.8 Hz), 126.1, 124.3, 123.5 (q, 1JC-F = 272.5 Hz), 121.8, 120.4 (q, 1JC-F = 
269.8 Hz), 104.0 (q, 3JC-F = 2.7 Hz). 19F NMR (565 MHz, CDCl3)  62.84, 62.96 (2s, 2CF3). IR (neat)  3142, 
2972, 1580, 1506, 1480, 1390, 1323, 1249, 1159, 1126, 1066, 1018, 973 cm-1. (+)-ESI-MS (m/z): 424.3 (100, 
[M+H]+). Anal. calcd. for C19H11F6N5 (423.3): C 53.91, H 2.62, N 16.54; found: C 53.97, H 2.46, N 16.60. 
 
 
4-(5-(4-Phenyl-1H-1,2,3-triazol-1-yl)-3-(trifluoromethyl)-1H-pyrazol-1-yl)benzonitrile (1ag): 

 FCC (SiO2, hexane/EtOAc 4:1); colourless solid, 255 mg (67%); mp 167- . 1H 
NMR (600 MHz, CDCl3)  7.93 (s, 1H), 7.85-7.82 (m, 2H), 7.70-7.67 (m, 2H), 7.48-7.45 (m, 2H), 7.43-7.40 
(m, 3H), 7.03 (s, 1H). 13C{1H} NMR (151 MHz, CDCl3)  149.0, 144.1 (q, 2JC-F = 40.3 Hz), 140.2, 135.8, 133.7, 
129.5, 129.3, 128.8, 126.1, 124.3, 121.8, 120.3 (q, 1JC-F = 269.8 Hz), 117.5, 113.5, 104.2 (q, 3JC-F = 2.2 Hz). 
19F NMR (565 MHz, CDCl3)  2.99 (s, CF3). IR (neat)  3086, 3049, 2935, 2233 (CN), 1595, 1498, 1387, 
1241, 1129, 1018, 969 cm-1. (+)-ESI-MS (m/z): 381.3 (100, [M+H]+), 403.3 (29, [M+Na]+). Anal. calcd. for 
C19H11F3N6 (380.3): C 60.00, H 2.92, N 22.10; found: C 60.01, H 2.98, N 22.06. 
 
 
4-(1-(1-(4-Methoxyphenyl)-3-(trifluoromethyl)-1H-pyrazol-5-yl)-1H-1,2,3-triazol-4-yl)aniline (1ba): 

  FCC (SiO2, washed with 5% Et3N in hexane prior to use; hexane/EtOAc 
1:1); yellow solid, 245 mg (61%); mp 160- . 1H NMR (600 MHz, CDCl3)  7.61 (s, 1H), 7.57-7.56 (m, 
2H), 7.23-7.21 (m, 2H), 6.95 (s, 1H), 6.87-6.85 (m, 2H), 6.71-6.69 (m, 2H), 3.82 (sbr, 2H), 3.78 (s, 3H). 13C{1H} 
NMR (151 MHz, CDCl3)  160.4, 148.7, 147.4, 142.7 (q, 2JC-F = 39.5 Hz), 136.0, 129.8, 127.3, 125.9, 120.7 
(q, 1JC-F = 269.3 Hz), 120.1, 119.4, 115.3, 114.8, 102.6 (q, 3JC-F = 2.7 Hz), 55.7. 19F NMR (565 MHz, CDCl3)  

0 (s, CF3). IR (neat)  3347, 3235, 3109, 2967, 2936, 1584, 1495, 1238, 1133, 1103, 1025, 977 cm-1. 
(+)-ESI-MS (m/z): 401.4 (100, [M+H]+). Anal. calcd. for C19H15F3N6O (400.4): C 57.00, H 3.78, N 20.99; found: 
C 56.90, H 3.61, N 20.77. 
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4-(4-Methoxyphenyl)-1-(1-(4-methoxyphenyl)-3-(trifluoromethyl)-1H-pyrazol-5-yl)-1H-1,2,3-triazole 
(1bb): 

  FCC (SiO2, hexane/EtOAc 4:1); colourless solid, 340 mg (82%); mp 103-
. 1H NMR (600 MHz, CDCl3)  7.72-7.70 (m, 2H), 7.66 (s, 1H), 7.25-7.23 (m, 2H), 6.97 (s, 1H), 6.97-

6.95 (m, 2H), 6.89-6.86 (m, 2H), 3.84 (s, 3H), 3.79 (s, 3H). 13C{1H} NMR (151 MHz, CDCl3)  160.5, 160.4, 
148.3, 142.8 (q, 2JC-F = 39.5 Hz), 135.9, 129.8, 127.5, 126.0, 121.9, 120.7, 120.7 (q, 1JC-F = 269.8 Hz), 114.8, 
114.6, 102.7 (q, 3JC-F = 2.2 Hz), 55.7, 55.5. 19F NMR (565 MHz, CDCl3)  4 (s, CF3). IR (neat)  3070, 
2956, 2941, 2840, 1599, 1498, 1297, 1238, 1148, 1085, 1025, 969 cm-1. (+)-ESI-MS (m/z): 416.3 (100, 
[M+H]+). Anal. calcd. for C20H16F3N5O2 (415.4): C 57.83, H 3.88, N 16.86; found: C 57.85, H 3.66, N 16.76. 
Crystals of 1bb suitable for X-ray measurements were obtained from hexane solution by slow evaporation 
of the solvent. 
 
 
1-(1-(4-Methoxyphenyl)-3-(trifluoromethyl)-1H-pyrazol-5-yl)-4-(p-tolyl)-1H-1,2,3-triazole (1bc): 

  FCC (SiO2, hexane/EtOAc 4:1); colourless solid, 291 mg (73%); mp 136-
. 1H NMR (600 MHz, CDCl3)  7.73 (s, 1H), 7.68-7.67 (m, 2H), 7.24-7.22 (m, 4H), 6.97 (s, 1H), 6.87-

6.85 (m, 2H), 3.78 (s, 3H), 2.38 (s, 3H). 13C{1H} NMR (151 MHz, CDCl3)  160.5, 148.4, 142.7 (q, 2JC-F = 39.8 
Hz), 139.1, 135.9, 129.8, 129.7, 126.4, 126.0*, 121.2, 120.7 (q, 1JC-F = 269.2 Hz, CF3), 114.8, 102.7 (q, 3JC-F = 
2.7 Hz), 55.6, 21.4; *higher intensity. 19F NMR (565 MHz, CDCl3)  1 (s, CF3). IR (neat)  3135, 3086, 
2945, 2908, 2855, 1580, 1498, 1301, 1241, 1126, 1103, 1025, 969 cm-1. (+)-ESI-MS (m/z): 400.3 (100, 
[M+H]+), 422.2 (70, [M+Na]+). Anal. calcd. for C20H16F3N5O (399.4): C 60.15, H 4.04, N 17.54; found: C 60.24, 
H 4.08, N 17.45. 
 
 
1-(1-(4-Methoxyphenyl)-3-(trifluoromethyl)-1H-pyrazol-5-yl)-4-(4-pentylphenyl)-1H-1,2,3-triazole (1bd): 

 FCC (SiO2, hexane/EtOAc 4:1); colourless solid, 410 mg (90%); mp 111-
. 1H NMR (600 MHz, CDCl3)  7.73 (sbr, 1H), 7.71-7.69 (m, 2H), 7.26-7.23 (m, 4H), 6.98 (s, 1H), 6.88-

6.86 (m, 2H), 3.79 (s, 3H), 2.63 (t, J = 7.7 Hz, 2H), 1.63 (quint, J = 7.4 Hz, 2H), 1.37-1.30 (m, 4H), 0.90 (t, J = 
7.0 Hz, 3H). 13C{1H} NMR (151 MHz, CDCl3)  160.5, 148.5 (br), 144.2, 142.8 (q, 2JC-F = 39.6 Hz), 135.9, 129.7, 



S7 
 

129.2, 126.7, 126.00, 125.97, 121.3 (br), 120.7 (q, 1JC-F = 269.2 Hz), 114.8, 102.8 (q, 3JC-F = 2.2 Hz), 55.7, 
35.9, 31.6, 31.2, 22.7, 14.1. 19F NMR (565 MHz, CDCl3)  3 (s, CF3). IR (neat)  3086, 2930, 2855, 1603, 
1502, 1461, 1375, 1234, 1156, 1126, 1100, 1018, 973 cm-1. (+)-ESI-MS (m/z): 456.4 (100, [M+H]+). Anal. 
calcd. for C24H24F3N5O (455.5): C 63.29, H 5.31, N 15.38; found: C 63.52, H 5.32, N 15.32. 
 
 
4-(4-Chlorophenyl)-1-(1-(4-methoxyphenyl)-3-(trifluoromethyl)-1H-pyrazol-5-yl)-1H-1,2,3-triazole (1be): 

  FCC (SiO2, hexane/EtOAc 4:1); colourless solid, 260 mg (62%); mp 141-
. 1H NMR (600 MHz, CDCl3)  7.75 (s, 1H), 7.73-7.71 (m, 2H), 7.42-7.39 (m, 2H), 7.25-7.23 (m, 2H), 

6.98 (s, 1H), 6.89-6.87 (m, 2H), 3.80 (s, 3H). 13C{1H} NMR (151 MHz, CDCl3)  160.7, 147.4, 142.9 (q, 2JC-F = 
39.8 Hz), 135.7, 135.0, 129.7, 129.4, 127.8, 127.4, 126.1, 121.7, 120.7 (q, 1JC-F = 269.2 Hz), 114.9, 102.8 (q, 
3JC-F = 2.7 Hz), 55.7. 19F NMR (565 MHz, CDCl3)  78 (s, CF3). IR (neat)  3127, 2967, 2932, 2844, 1580, 
1498, 1465, 1387, 1238, 1178, 1129, 1100, 1021, 969 cm-1. (+)-ESI-MS (m/z): 420.2 (100, [M{35Cl}+H]+), 
422.3 (34, [M{37Cl}+H]+). Anal. calcd. for C19H13ClF3N5O (419.8): C 54.36, H 3.12, N 16.68; found: C 54.32, H 
2.95, N 16.48. 
 
 
4-(1-(1-(4-Methoxyphenyl)-3-(trifluoromethyl)-1H-pyrazol-5-yl)-1H-1,2,3-triazol-4-yl)benzonitrile (1bf): 

  FCC (SiO2, hexane/DCM 1:4); colourless solid, 263 mg (64%); mp 162-164 
. 1H NMR (600 MHz, CDCl3)  7.91-7.90 (m, 2H), 7.87 (s, 1H), 7.73-7.71 (m, 2H), 7.26-7.23 (m, 2H), 7.00 

(s, 1H), 6.89-6.88 (m, 2H), 3.80 (s, 3H). 13C{1H} NMR (151 MHz, CDCl3)  160.7, 146.5, 142.9 (q, 2JC-F = 39.8 
Hz), 135.4, 133.6, 133.0, 129.5, 126.5, 126.1, 122.8, 120.6 (q, 1JC-F = 269.2 Hz), 118.5, 114.9, 112.6, 102.9 
(q, 3JC-F = 2.5 Hz), 55.7. 19F NMR (565 MHz, CDCl3)  4 (s, CF3). IR (neat)  3127, 2971, 2937, 2225 (CN), 
1580, 1502, 1387, 1241, 1141, 1103, 1029, 969 cm-1. (+)-ESI-MS (m/z): 411.4 (39, [M+H]+), 433.3 (100, 
[M+Na]+). Anal. calcd. for C20H13F3N6O (410.4): C 58.54, H 3.19, N 20.48; found: C 58.57, H 3.14, N 20.45. 
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4-(2-Methoxyphenyl)-1-(1-(4-methoxyphenyl)-3-(trifluoromethyl)-1H-pyrazol-5-yl)-1H-1,2,3-triazole 
(1bg): 

 FCC (SiO2, hexane/EtOAc 4:1); yellow solid, 378 mg (91%); mp 98- . 1H NMR 
(600 MHz, CDCl3)  8.36-8.34 (m, 1H), 8.06 (s, 1H), 7.36-7.33 (m, 1H), 7.26-7.25 (m, 2H), 7.11-7.08 (m, 1H), 
6.99 (sbr, 1H), 6.98-6.96 (m, 1H), 6.89-6.86 (m, 2H), 3.85 (s, 3H), 3.78 (s, 3H). 13C{1H} NMR (151 MHz, CDCl3) 

 160.4, 155.9, 143.7, 142.7 (q, 2JC-F = 39.8 Hz), 136.2, 129.9, 129.8, 127.9, 126.2, 125.0, 121.3, 120.7 (q, 
1JC-F = 269.2 Hz), 118.2, 114.7, 111.0, 102.4 (q, 3JC-F = 2.5 Hz), 55.7, 55.4. 19F NMR (565 MHz, CDCl3)  1 
(s, CF3). IR (neat)  3161, 3127, 2937, 2840, 1580, 1502, 1454, 1360, 1238, 1159, 1126, 1021, 973 cm-1. (+)-
ESI-MS (m/z): 416.3 (100, [M+H]+), 438.2 (48, [M+Na]+). Anal. calcd. for C20H16F3N5O2 (415.4): C 57.83, H 
3.88, N 16.86; found: C 57.93, H 3.89, N 16.89. 
 
 
4-(3-Methoxyphenyl)-1-(1-(4-methoxyphenyl)-3-(trifluoromethyl)-1H-pyrazol-5-yl)-1H-1,2,3-triazole 
(1bh): 

 FCC (SiO2, hexane/EtOAc 4:1); colourless solid, 357 mg (86%); mp 123- . 1H 
NMR (600 MHz, CDCl3)  7.75 (s, 1H), 7.41 (mc, 1H), 7.34-7.29 (m, 2H), 7.25-7.22 (m, 2H), 6.98 (s, 1H), 6.93-
6.91 (m, 1H), 6.89-6.86 (m, 2H), 3.86 (s, 3H), 3.79 (s, 3H). 13C{1H} NMR (151 MHz, CDCl3)  160.5, 160.3, 
148.2, 142.8 (q, 2JC-F = 39.8 Hz), 135.8, 130.5, 130.2, 129.7, 126.0, 121.8, 120.6 (q, 1JC-F = 269.2 Hz), 118.4, 
115.0, 114.8, 111.4, 102.8 (q, 3JC-F = 2.7 Hz), 55.7, 55.5. 19F NMR (565 MHz, CDCl3)  3 (s, CF3). IR 
(neat)  3159, 3004, 2959, 2930, 2840, 1580, 1521, 1484, 1357, 1312, 1252, 1156, 1129, 1021, 969 cm-1. 
(+)-ESI-MS (m/z): 416.3 (100, [M+H]+), 438.2 (33, [M+Na]+). Anal. calcd. for C20H16F3N5O2 (415.4): C 57.83, 
H 3.88, N 16.86; found: C 57.69, H 3.87, N 16.96. 
 
 
4-Mesityl-1-(1-(4-methoxyphenyl)-3-(trifluoromethyl)-1H-pyrazol-5-yl)-1H-1,2,3-triazole (1bi): 

  FCC (SiO2, hexane/EtOAc 4:1); colourless solid, 350 mg (82%); mp 126-
. 1H NMR (600 MHz, CDCl3)  7.35 (s, 1H), 7.22-7.19 (m, 2H), 7.08 (s, 1H), 6.92 (sbr, 2H), 6.89-6.86 

(m, 2H), 3.80 (s, 3H), 2.31 (s, 3H), 2.00 (s, 6H). 13C{1H} NMR (151 MHz, CDCl3)  160.6, 146.2, 142.9 (q,  
2JC-F = 39.5 Hz), 139.0, 137.8, 136.1, 129.6, 128.6, 126.1, 125.7, 124.8, 120.7 (q, 1JC-F = 269.5 Hz), 114.9, 
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102.6 (q, 3JC-F = 2.2 Hz), 55.8, 21.2, 20.7. 19F NMR (565 MHz, CDCl3)  75 (s, CF3). IR (neat)  3135, 3101, 
2982, 2937, 1580, 1502, 1364, 1301, 1241, 1137, 1100, 1025, 977 cm-1. (+)-ESI-MS (m/z): 428.3 (100, 
[M+H]+), 450.3 (33, [M+Na]+). Anal. calcd. for C22H20F3N5O (427.4): C 61.82, H 4.72, N 16.39; found: C 61.88, 
H 4.78, N 16.44. 
 
 
4-(6-Methoxynaphthalen-2-yl)-1-(1-(4-methoxyphenyl)-3-(trifluoromethyl)-1H-pyrazol-5-yl)-1H-1,2,3-
triazole (1bj): 

 FCC (SiO2, hexane/DCM 1:1); pale yellow solid, 278 mg (60%); mp 169-
171 . 1H NMR (600 MHz, CDCl3)  8.24 (s, 1H), 7.85-7.81 (m, 1H), 7.80-7.74 (m, 3H), 7.27-7.24 (m, 2H), 
7.18-7.16 (m, 1H), 7.14-7.12 (m, 1H), 6.99 (s, 1H), 6.88-6.86 (m, 2H), 3.93 (s, 3H), 3.77 (s, 3H). 13C{1H} NMR 
(151 MHz, CDCl3)  160.5, 158.5, 148.6, 142.8 (q, 2JC-F = 39.5 Hz), 135.9, 134.9, 129.9, 129.0, 127.7, 126.9, 
126.0, 125.1, 124.4, 124.3, 121.4, 120.7 (q, 1JC-F = 269.2 Hz), 119.8, 114.8, 106.0, 102.8 (q, 3JC-F = 2.2 Hz), 
55.7, 55.5. 19F NMR (565 MHz, CDCl3)  1 (s, CF3). IR (neat)  3131, 2922, 2855, 1599, 1506, 1450, 
1390, 1305, 1238, 1152, 1092, 1025 cm-1. (+)-ESI-MS (m/z): 466.3 (40, [M+H]+), 488.3 (100, [M+Na]+). 
HRMS (ESI-TOF) m/z calcd for C24H19F3N5O2 ([M+H]+): 466.1491; found: 466.1490.  
 
 
4-(4-Fluorophenyl)-1-(1-(4-methoxyphenyl)-3-(trifluoromethyl)-1H-pyrazol-5-yl)-1H-1,2,3-triazole (1bk): 

  FCC (SiO2, hexane/EtOAc 4:1); pale yellow solid, 355 mg (88%); mp 122-
. 1H NMR (600 MHz, CDCl3)  7.77-7.75 (m, 2H), 7.73 (s, 1H), 7.25-7.22 (m, 2H), 7.13-7.10 (m, 2H), 

6.98 (s, 1H), 6.89-6.86 (m, 2H), 3.79 (s, 3H). 13C{1H} NMR (151 MHz, CDCl3)  163.2 (d, 1JC-F = 249.0 Hz), 
160.6, 147.5, 142.8 (q, 2JC-F = 39.5 Hz), 135.7, 129.7, 127.9 (d, 3JC-F = 8.2 Hz), 126.0, 125.5 (d, 4JC-F = 3.3 Hz), 
121.4, 120.6 (q, 1JC-F = 269.8 Hz), 116.2 (d, 2JC-F = 21.8 Hz), 114.8, 102.8 (q, 3JC-F = 2.5 Hz), 55.7. 19F NMR 
(565 MHz, CDCl3)  3), 111.99 (mc, F). IR (neat)  3079, 2968, 2929, 1584, 1495, 1390, 1238, 
1148, 1122, 1088, 1025, 969 cm-1. (+)-ESI-MS (m/z): 404.3 (100, [M+H]+). Anal. calcd. for C19H13F4N5O 
(403.3): C 56.58, H 3.25, N 17.36; found: C 56.45, H 3.43, N 17.45. 
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1-(1-(4-Methoxyphenyl)-3-(trifluoromethyl)-1H-pyrazol-5-yl)-4-(4-(trifluoromethyl)phenyl)-1H-1,2,3-
triazole (1bl): 

  FCC (SiO2, hexane/EtOAc 4:1); colourless solid, 367 mg (81%); mp 151-
. 1H NMR (600 MHz, CDCl3)  7.92-7.90 (m, 2H), 7.83 (s, 1H), 7.71-7.69 (m, 2H), 7.26-7.24 (m, 2H), 

7.00 (s, 1H), 6.90-6.87 (m, 2H), 3.80 (s, 3H). 13C{1H} NMR (151 MHz, CDCl3)  160.6, 147.0, 142.9 (q, 2JC-F = 
39.8 Hz), 135.5, 132.7, 131.0 (q, 2JC-F = 33.0Hz), 129.6, 126.3, 126.2 (q, 3JC-F = 4.1 Hz), 126.1, 124.0 (q, 1JC-F 
= 271.9 Hz), 122.4, 120.6 (q, 1JC-F = 269.2 Hz), 114.9, 102.9 (q, 3JC-F = 2.7 Hz), 55.7. 19F NMR (565 MHz, CDCl3) 

 62.81 (s, CF3), 62.84 (s, CF3). IR (neat)  3105, 2971, 2919, 2848, 1580, 1498, 1327, 1238, 1156, 1103, 
1066, 1014, 977 cm-1. (+)-ESI-MS (m/z): 454.2 (100, [M+H]+). Anal. calcd. for C20H13F6N5O (453.3): C 52.99, 
H 2.89, N 15.45; found: C 52.88, H 2.74, N 15.24. 
 
 
1-(1-(4-Methoxyphenyl)-3-(trifluoromethyl)-1H-pyrazol-5-yl)-4-(4-(trifluoromethoxy)phenyl)-1H-1,2,3-
triazole (1bm): 

  FCC (SiO2, hexane/EtOAc 4:1); pale yellow solid, 394 mg (84%); mp 83-85 
. 1H NMR (600 MHz, CDCl3)  7.83-7.80 (m, 2H), 7.77 (s, 1H), 7.29-7.27 (m, 2H), 7.25-7.22 (m, 2H), 6.99 

(s, 1H), 6.89-6.86 (m, 2H), 3.79 (s, 3H). 13C{1H} NMR (151 MHz, CDCl3)  160.6, 149.7 (q, 3JC-F = 2.2 Hz), 
147.1, 142.9 (q, 2JC-F = 39.8 Hz), 135.6, 129.6, 128.0, 127.6, 126.0, 121.8, 121.7, 120.62 (q, 1JC-F = 269.2 Hz), 
120.56 (q, 1JC-F = 257.8 Hz), 114.9, 102.8 (q, 3JC-F = 2.7 Hz), 55.7. 19F NMR (565 MHz, CDCl3)  57.85 (s, 
OCF3), 62.76 (s, CF3). IR (neat)  3146, 2940, 2908, 1580, 1525, 1498, 1241, 1203, 1156, 1129, 1014, 977 
cm-1. (+)-ESI-MS (m/z): 470.2 (100, [M+H]+), 492.2 (26.5, [M+Na]+). Anal. calcd. for C20H13F6N5O2 (469.3): C 
51.18, H 2.79, N 14.92; found: C 51.22, H 2.80, N 14.84. 
 
 
4-(3,5-Difluorophenyl)-1-(1-(4-methoxyphenyl)-3-(trifluoromethyl)-1H-pyrazol-5-yl)-1H-1,2,3-triazole 
(1bn): 

 FCC (SiO2, hexane/EtOAc 4:1); pale yellow solid, 366 mg (87%); mp 151- . 1H 
NMR (600 MHz, CDCl3)  7.77 (s, 1H), 7.33-7.30 (m, 2H), 7.25-7.22 (m, 2H), 6.99 (s, 1H), 6.90-6.87 (m, 2H), 
6.83-6.80 (m, 1H), 3.80 (s, 3H). 13C{1H} NMR (151 MHz, CDCl3)  163.5 (dd, 1,3JC-F = 249.3, 12.8 Hz), 160.7, 
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146.4 (t, 4JC-F = 3.5 Hz), 142.9 (q, 2JC-F = 39.8 Hz), 135.4, 132.3 (t, 3JC-F = 10.6 Hz), 129.5, 126.1, 122.4, 120.6 
(q, 1JC-F = 269.5 Hz), 114.9, 109.0 (dd, 2,4JC-F = 21.0, 5.7 Hz), 104.4 (t, 2JC-F = 25.3 Hz), 102.9 (q, 3JC-F = 2.7 Hz), 
55.7. 19F NMR (565 MHz, CDCl3)  62.76 (s, CF3), 108.47 - 2 (m, 2F). IR (neat)  3135, 3101, 3027, 
2948, 2851, 1577, 1525, 1465, 1249, 1182, 1133, 1092, 1029, 973 cm-1. (+)-ESI-MS (m/z): 422.2 (100, 
[M+H]+). Anal. calcd. for C19H12F5N5O (421.3): C 54.16, H 2.87, N 16.62; found: C 54.06, H 2.85, N 16.47. 
 
 
4-(3,5-Bis(trifluoromethyl)phenyl)-1-(1-(4-methoxyphenyl)-3-(trifluoromethyl)-1H-pyrazol-5-yl)-1H-1,2,3-
triazole (1bo): 

  FCC (SiO2, hexane/EtOAc 4:1); pale yellow solid, 427 mg (82%); mp 97-99 
. 1H NMR (600 MHz, CDCl3)  8.25 (m, 2H), 7.97 (s, 1H), 7.87 (m, 1H), 7.26-7.23 (m, 2H), 7.01 (s, 1H), 

6.90-6.87 (m, 2H), 3.79 (s, 3H). 13C{1H} NMR (151 MHz, CDCl3)  160.7, 145.7, 142.9 (q, 2JC-F = 39.8 Hz), 
135.2, 132.7 (q, 2JC-F = 33.5 Hz, i-C), 131.5, 129.5, 126.1, 126.0 (m), 123.2 (q, 1JC-F = 273.0 Hz), 122.9, 122.5 
(m), 120.6 (q, 1JC-F = 269.2 Hz), 114.9, 103.1 (q, 3JC-F = 2.7 Hz), 55.7. 19F NMR (565 MHz, CDCl3)  62.79 (s, 
CF3), 63.10 (s, 2CF3). IR (neat)  3142, 2952, 2905, 1525, 1502, 1383, 1275, 1241, 1185, 1126, 1029, 969 
cm-1. (+)-ESI-MS (m/z): 522.3 (100, [M+H]+). Anal. calcd. for C21H12F9N5O (521.3): C 48.38, H 2.32, N 13.43; 
found: C 48.51, H 2.29, N 13.37. 
 
 
(4-(1-(1-(4-Methoxyphenyl)-3-(trifluoromethyl)-1H-pyrazol-5-yl)-1H-1,2,3-triazol-4-yl)phenyl)methanol 
(1bp): 

  FCC (SiO2, hexane/EtOAc 1:1); colourless solid, 307 mg (74%); mp 123-
. 1H NMR (600 MHz, CDCl3)  7.78-7.75 (m, 3H), 7.43-7.41 (m, 2H), 7.24-7.22 (m, 2H), 6.98 (s, 1H), 

6.88-6.85 (m, 2H), 4.72 (s, 2H), 3.78 (s, 3H), 1.92 (sbr, 1H). 13C{1H} NMR (151 MHz, CDCl3)  160.5, 148.1, 
142.8 (q, 2JC-F = 39.5 Hz), 141.9, 135.8, 129.7, 128.5, 127.6, 126.2, 126.0, 121.6, 120.6 (q, 1JC-F = 269.2 Hz), 
114.8, 102.8 (q, 3JC-F = 2.2 Hz), 65.0, 55.7. 19F NMR (565 MHz, CDCl3)  2 (s, CF3). IR (neat)  3403 (OH), 
3109, 2907, 1580, 1506, 1245, 1193, 1148, 1107, 1029, 977 cm-1. (+)-ESI-MS (m/z): 416.4 (100, [M+H]+), 
438.3 (40, [M+Na]+). Anal. calcd. for C20H16F3N5O2 (415.4): C 57.83, H 3.88, N 16.86; found: C 57.78, H 3.83, 
N 16.91. 
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4-(Ferrocenyl)-1-(1-(4-methoxyphenyl)-3-(trifluoromethyl)-1H-pyrazol-5-yl)-1H-1,2,3-triazole (1bq): 

 FCC (SiO2, hexane/EtOAc 4:1); orange solid, 326 mg (66%); mp 155- . 1H 
NMR (600 MHz, CDCl3)  7.40 (s, 1H), 7.24-7.22 (m, 2H), 6.99 (s, 1H), 6.91-6.88 (m, 2H), 4.69 (s, 2H), 4.32 
(s, 2H), 4.01 (s, 5H), 3.77 (s, 3H). 13C{1H} NMR (151 MHz, CDCl3)  160.6, 148.0, 142.8 (q, 2JC-F = 39.8 Hz), 
136.0, 129.7, 126.0, 120.7 (q, 1JC-F = 269.8 Hz), 120.5, 114.8, 102.7 (q, 3JC-F = 2.2 Hz), 73.6, 69.8, 69.3, 67.0, 
55.7. 19F NMR (565 MHz, CDCl3)  3 (s, CF3). IR (neat)  3131, 1588, 1521, 1498, 1465, 1375, 1308, 
1238, 1163, 1133, 1092, 969, 820 cm-1. (+)-ESI-MS (m/z): 493.2 (70, [M]+), 494.2 (100, [M+H]+), 516.2 (60, 
[M+Na]+). Anal. calcd. for C23H18F3FeN5O (493.3): C 56.00, H 3.68, N 14.20; found: C 56.06, H 3.60, N 14.41. 
 
 
2-(1-(1-(4-Methoxyphenyl)-3-(trifluoromethyl)-1H-pyrazol-5-yl)-1H-1,2,3-triazol-4-yl)pyridine (1br): 

 FCC (SiO2, hexane/EtOAc4:1); pale yellow solid, 282 mg (73%); mp 109- . 1H 
NMR (600 MHz, CDCl3)  8.55-8.54 (m, 1H), 8.19 (s, 1H), 8.18-8.16 (m, 1H), 7.80-7.78 (m, 1H), 7.27-7.22 
(m, 3H), 6.97 (s, 1H), 6.87-6.84 (m, 2H), 3.77 (s, 3H). 13C{1H} NMR (151 MHz, CDCl3)  160.5, 149.7, 149.1, 
148.9, 142.7 (q, 2JC-F = 39.8 Hz), 137.2, 135.7, 129.7, 126.0, 124.3, 123.7, 120.7, 120.6 (q, 1JC-F = 269.2 Hz), 
114.8, 102.9 (q, 3JC-F = 2.2 Hz), 55.6. 19F NMR (565 MHz, CDCl3)  0 (s, CF3). IR (neat)  3094, 2972, 
2949, 1595, 1506, 1469, 1428, 1375, 1238, 1163, 1133, 1098, 1025, 973 cm-1. (+)-ESI-MS (m/z): 387.3 (100, 
[M+H]+), 409.3 (75, [M+Na]+). Anal. calcd. for C18H13F3N6O (386.3): C 55.96, H 3.39, N 21.75; found: C 55.93, 
H 3.37, N 21.67. 
 
 
1-(1-(4-Methoxyphenyl)-3-(trifluoromethyl)-1H-pyrazol-5-yl)-4-(thiophen-3-yl)-1H-1,2,3-triazole (1bs): 

 FCC (SiO2, hexane/EtOAc 1:1); colourless solid, 341 mg (87%); mp 116- . 1H 
NMR (600 MHz, CDCl3)  7.72 (mc, 1H), 7.66 (s, 1H), 7.40-7.39 (m, 2H), 7.25-7.22 (m, 2H), 6.97 (s, 1H), 6.89-
6.86 (m, 2H), 3.80 (s, 3H). 13C{1H} NMR (151 MHz, CDCl3)  160.5, 144.5, 142.8 (q, 2JC-F = 39.5 Hz), 135.7, 
130.4, 129.7, 127.0, 126.0, 125.8, 122.5, 121.3, 120.6 (q, 1JC-F = 269.5 Hz), 114.9, 102.8 (q, 3JC-F = 2.5 Hz), 
55.7. 19F NMR (565 MHz, CDCl3)  4 (s, CF3). IR (neat)  3101, 2971, 2937, 2840, 1588, 1506, 1387, 
1238, 1182, 1126, 1029, 973 cm-1. (+)-ESI-MS (m/z): 392.3 (100, [M+H]+), 414.3 (12, [M+Na]+). Anal. calcd. 
for C17H12F3N5OS (391.4): C 52.17, H 3.09, N 17.89, S 8.19; found: C 52.17, H 3.12, N 17.77, S 8.18. 
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4-(4-Ethynylphenyl)-1-(1-(4-methoxyphenyl)-3-(trifluoromethyl)-1H-pyrazol-5-yl)-1H-1,2,3-triazole (1bt): 

  Following the general procedure, azide 5c (283 mg, 1.00 mmol) was 
reacted with 1,4-diethynylbenzene (202 mg, 1.60 mmol). FCC (SiO2, hexane/EtOAc 4:1); pale yellow solid, 
340 mg (83%); mp 143- 1H NMR (600 MHz, CDCl3)  7.77 (s, 1H), 7.76-7.74 (m, 2H), 7.56-7.54 (m, 
2H), 7.25-7.22 (m, 2H), 6.98 (s, 1H), 6.89-6.87 (m, 2H), 3.79 (s, 3H), 3.15 (s, 1H). 13C{1H} NMR (151 MHz, 
CDCl3)  160.6, 147.6, 142.9 (q, 2JC-F = 39.5 Hz), 135.7, 132.9, 129.64, 129.55, 126.0, 125.9, 122.8, 121.9, 
120.6 (q, 1JC-F = 269.2 Hz), 114.9, 102.8 (q, 3JC-F = 2.2 Hz), 83.2, 78.7, 55.7. 19F NMR (565 MHz, CDCl3)  
62.74 (s, CF3). IR (neat)  3295, 3150, 2961, 2948, 1580, 1502, 1238, 1129, 1010, 977 cm-1. (+)-ESI-MS 
(m/z): 410.3 (60, [M+H]+), 432.2 (100, [M+Na]+). Anal. calcd. for C21H14F3N5O (409.4): C 61.61, H 3.45, N 
17.11; found: C 61.75, H 3.46, N 17.25. 
 
 
1,4-Bis(1-(1-(4-methoxyphenyl)-3-(trifluoromethyl)-1H-pyrazol-5-yl)-1H-1,2,3-triazol-4-yl)benzene (1bu): 

  Following the general procedure, azide 5c (708 mg, 2.50 mmol) 
was reacted with 1,4-diethynylbenzene (126 mg, 1.00 mmol). Crude product 1bu was washed with 
hexane; yellow solid, 388 mg (56%); mp 227 (decomp.). 1H NMR (600 MHz, DMSO-d6)  9.09 (s, 2H), 
7.97 (s, 4H), 7.64 (s, 2H), 7.35-7.32 (m, 4H), 7.02-6.99 (m, 4H), 3.76 (s, 6H). 13C{1H} NMR (151 MHz, DMSO-
d6)  159.9, 146.2, 140.9 (q, 2JC-F = 38.4 Hz), 136.0, 129.43, 129.39, 126.2, 126.1, 124.9, 120.8 (q, 1JC-F = 
268.7 Hz), 114.6, 103.6 (br), 55.5. 19F NMR (565 MHz, CDCl3)  28 (s, CF3). IR (neat)  3131, 2949, 1580, 
1502, 1390, 1238, 1133, 1029, 969 cm-1. (+)-ESI-MS (m/z): 693.3 (100, [M+H]+). Anal. calcd. for 
C32H22F6N10O2 (692.6): C 55.50, H 3.20, N 20.22; found: C 55.54, H 3.12, N 20.19. 
 
 
4-Hexyl-1-(1-(4-methoxyphenyl)-3-(trifluoromethyl)-1H-pyrazol-5-yl)-1H-1,2,3-triazole (1ca): 

  FCC (SiO2, hexane/EtOAc4:1); pale yellow solid, 311 mg (79%); mp 66-68 
1H NMR (600 MHz, CDCl3)  7.24 (s, 1H), 7.17-7.15 (m, 2H), 6.92 (s, 1H), 6.87-6.84 (m, 2H), 3.80 (s, 3H), 

2.70 (t, 3JH-H  7.6 Hz, 2H), 1.65-1.60 (m, 2H), 1.30-1.24 (m, 6H), 0.89-0.85 (m, 3H). 13C{1H} NMR (151 MHz, 
CDCl3)  160.4, 149.1, 142.7 (q, 2JC-F = 39.8 Hz), 136.1, 129.8, 125.9, 123.0, 120.7 (q, 1JC-F = 269.8 Hz), 114.7, 
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102.6 (q, 3JC-F = 2.7 Hz), 55.7, 31.6, 29.1, 28.7, 25.4, 22.6, 14.1. 19F NMR (565 MHz, CDCl3)  78 (s, CF3). 
IR (neat)  2948, 2926, 2851, 1506, 1464, 1387, 1238, 1133, 1092, 1040, 973 cm-1. (+)-ESI-MS (m/z): 394.3 
(15, [M+H]+), 416.3 (100, [M+Na]+). Anal. calcd. for C19H22F3N5O (393.4): C 58.01, H 5.64, N 17.80; found: 
C 57.95, H 5.66, N 17.78. 
 
 
4-(Tert-butyl)-1-(1-(4-methoxyphenyl)-3-(trifluoromethyl)-1H-pyrazol-5-yl)-1H-1,2,3-triazole (1cb): 

  FCC (SiO2, hexane/EtOAc 4:1); thick yellow oil, 230 mg (63%). 1H NMR (600 MHz, 
CDCl3)  7.22 (s, 1H), 7.17-7.15 (m, 2H), 6.92 (s, 1H), 6.87-6.85 (m, 2H), 3.80 (s, 3H), 1.31 (s, 9H). 13C{1H} 
NMR (151 MHz, CDCl3)  160.4, 158.5, 142.7 (q, 2JC-F = 39.5 Hz), 136.2, 129.9, 125.8, 121.0, 120.7 (q, 1JC-F = 
269.2 Hz), 114.6, 102.6 (q, 3JC-F = 2.5 Hz), 55.7, 31.0, 30.2. 19F NMR (565 MHz, CDCl3)  78 (s, CF3). IR 
(neat)  2967, 1580, 1502, 1461, 1364, 1245, 1170, 1139, 1093, 1029, 973 cm-1. (+)-ESI-MS (m/z): 366.4 
(100, [M+H]+). Anal. calcd. for C17H18F3N5O (365.4): C 55.89, H 4.97, N 19.17; found: C 55.98, H 4.99, N 
19.13. 
 
 
1-(1-(4-Methoxyphenyl)-3-(trifluoromethyl)-1H-pyrazol-5-yl)-1H-1,2,3-triazole (1cc): 

  Following the general procedure, azide 5c (283 mg, 1.00 mmol) was reacted with 
TMS-acetylene (118 mg, 1.20 mmol). FCC (SiO2, hexane/EtOAc4:1); colourless solid, 164 mg (53%); mp 
115- . 1H NMR (600 MHz, CDCl3)  7.76 (d, 3JH-H = 0.9 Hz, 1H), 7.57 (d, 3JH-H = 0.9 Hz, 1H), 7.18-7.15 
(m, 2H), 6.96 (s, 1H), 6.88-6.85 (m, 2H), 3.80 (s, 3H). 13C{1H} NMR (151 MHz, CDCl3)  160.6, 142.8 (q, 2JC-F 
= 39.5 Hz), 135.8, 134.3, 129.6, 126.1, 126.0, 120.6 (q, 1JC-F = 269.5 Hz), 114.8, 102.8 (q, 3JC-F = 2.5 Hz), 55.7. 
19F NMR (565 MHz, CDCl3)  77 (s, CF3). IR (neat)  3135, 1595, 1506, 1387, 1238, 1170, 1126, 1018, 
969 cm-1. (+)-ESI-MS (m/z): 310.2 (100, [M+H]+), 332.1 (40, [M+Na]+). HRMS (ESI-TOF) m/z calcd for 
C13H11F3N5O ([M+H]+): 310.0916; found: 310.0915.  
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(1-(1-(4-Methoxyphenyl)-3-(trifluoromethyl)-1H-pyrazol-5-yl)-1H-1,2,3-triazol-4-yl)methanol (1cd): 

 FCC (SiO2, hexane/EtOAc 3:7); colourless solid, 207 mg (61%); mp 73- . 1H 
NMR (600 MHz, CDCl3)  7.54 (s, 1H), 7.21-7.18 (m, 2H), 6.93 (s, 1H), 6.89-6.86 (m, 2H), 4.80 (s, 2H), 3.81 
(s, 3H), 2.17 (sbr, 1H). 13C{1H} NMR (151 MHz, CDCl3)  160.6, 148.3, 142.8 (q, 2JC-F = 39.5 Hz), 135.8, 129.6, 
126.1, 124.1, 120.6 (q, 1JC-F = 269.8 Hz), 114.8, 102.7 (q, 3JC-F = 2.7 Hz), 56.4, 55.7. 19F NMR (565 MHz, CDCl3) 

 76 (s, CF3). IR (neat)  3269, 3060, 2967, 2926, 1521, 1498, 1387, 1238, 1178, 1133, 1089, 1018, 973 
cm-1. (+)-ESI-MS (m/z): 340.2 (50, [M+H]+), 362.2 (100, [M+Na]+). Anal. calcd. for C14H12F3N5O2 (339.3): C 
49.56, H 3.57, N 20.64; found: C 49.70, H 3.60, N 20.49. 
 
 
4-(Diethoxymethyl)-1-(1-(4-methoxyphenyl)-3-(trifluoromethyl)-1H-pyrazol-5-yl)-1H-1,2,3-triazole (1ce): 

 FCC (SiO2, hexane/EtOAc4:1); colourless solid, 144 mg (35%); mp 75- 1H 
NMR (600 MHz, CDCl3)  7.58 (s, 1H), 7.19-7.17 (m, 2H), 6.93 (s, 1H), 6.87-6.84 (m, 2H), 5.70 (s, 1H), 3.80 
(s, 3H), 3.58 (m, 4H), 1.20 (t, 3JH-H  7.1 Hz, 6H). 13C{1H} NMR (151 MHz, CDCl3)  160.6, 147.8, 142.8 (q, 2JC-

F = 39.8 Hz), 135.8, 129.7, 126.1, 124.8, 120.6 (q, 1JC-F = 269.2 Hz), 114.7, 102.8 (q, 3JC-F = 2.7 Hz), 96.3, 61.9, 
55.7, 15.2. 19F NMR (565 MHz, CDCl3)  78 (s, CF3). IR (neat)  2974, 2919, 1599, 1502, 1357, 1238, 
1133, 1036, 1006, 969 cm-1 -ESI-MS (m/z): 410.4 (100, [M H]-). Anal. calcd. for C18H20F3N5O3 (411.4): C 
52.55, H 4.90, N 17.02; found: C 52.53, H 4.81, N 17.09. 
 
 
Methyl 1-(1-(4-methoxyphenyl)-3-(trifluoromethyl)-1H-pyrazol-5-yl)-1H-1,2,3-triazole-4-carboxylate 
(1cf): 

 FCC (SiO2, hexane/EtOAc 4:1); colourless solid, 232 mg (63%); mp 124- . 1H 
NMR (600 MHz, CDCl3)  8.08 (s, 1H), 7.20-7.17 (m, 2H), 7.00 (s, 1H), 6.90-6.87 (m, 2H), 3.96 (s, 3H), 3.81 
(s, 3H). 13C{1H} NMR (151 MHz, CDCl3)  160.8, 160.3, 142.9 (q, 2JC-F = 39.8 Hz), 140.5, 134.8, 129.8, 129.1, 
126.1, 120.5 (q, 1JC-F = 269.2 Hz), 115.0, 103.2 (q, 3JC-F = 2.7 Hz), 55.7, 52.7. 19F NMR (565 MHz, CDCl3)  
62.79 (s, CF3). IR (neat)  3142, 2960, 1730 (C=O), 1506, 1439, 1338, 1238, 1129, 1033, 973 cm-1. (+)-ESI-
MS (m/z): 390.2 (52, [M+Na]+), 406.2 (100, [M+K]+). Anal. calcd. for C15H12F3N5O3 (367.3): C 49.05, H 3.29, 
N 19.07; found: C 49.00, H 3.14, N 18.92. 
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1-Bromo-5-(1-(1-(4-methoxyphenyl)-3-(trifluoromethyl)-1H-pyrazol-5-yl)-1H-1,2,3-triazol-4-yl)pentan-2-
one (1cg): 

 FCC (SiO2, hexane/EtOAc1:1); colourless oil, 191 mg (41%). 1H NMR (600 
MHz, CDCl3)  7.29 (s, 1H), 7.18-7.16 (m, 2H), 6.93 (s, 1H), 6.89-6.86 (m, 2H), 3.85 (s, 2H), 3.81 (s, 3H), 2.75 
(t, 3JH-H = 7.6 Hz, 2H), 2.69 (t, 3JH-H = 7.1 Hz, 2H), 1.98 (quint, 3JH-H  7.3 Hz, 2H). 13C{1H} NMR (151 MHz, 
CDCl3)  201.6, 160.5, 147.8, 142.8 (q, 2JC-F = 39.8 Hz), 136.0, 129.7, 126.0, 123.3, 120.6 (q, 1JC-F = 269.2 Hz, 
CF3), 114.8, 102.6 (q, 3JC-F = 2.2 Hz), 55.7, 38.6, 34.2, 24.4, 23.2. 19F NMR (565 MHz, CDCl3)  77 (s, CF3). 
IR (neat)  3228, 2937, 1730 (C=O), 1580, 1502, 1238, 1133, 1096, 1029, 973 cm-1. HRMS (ESI-TOF) m/z 
calcd for C18H18F3N5O2Br ([M+H]+): 472.0596; found: 472.0594. 
 
 
2-(3-(2-(1-(1-(4-Methoxyphenyl)-3-(trifluoromethyl)-1H-pyrazol-5-yl)-1H-1,2,3-triazol-4-yl)ethyl)-3H-
diazirin-3-yl)ethan-1-ol (1ch): 

 FCC (SiO2, hexane/EtOAc 1:1); thick colourless oil, 341 mg (81%). 1H NMR 
(600 MHz, CDCl3)  7.36 (s, 1H), 7.15-7.12 (m, 2H), 6.90 (s, 1H), 6.85-6.82 (m, 2H), 3.76 (s, 3H), 3.40 (t, 3JH-

H  6.1Hz, 2H), 2.59 (sbr, 1H), 2.49 (t, 3JH-H ), 1.84 (t, 3JH-H  7.5Hz, 2H), 1.55 (t, 3JH-H  6.1Hz, 2H). 
13C{1H} NMR (151 MHz, CDCl3)  160.4, 146.9, 142.6 (q, 2JC-F = 39.5 Hz, C-3), 135.8, 129.6, 125.9, 123.6, 
120.6 (q, 1JC-F = 269.2 Hz, CF3), 114.7, 102.6 (q, 3JC-F  = 2.7 Hz, C-4), 57.0, 55.6, 35.8, 32.3, 26.7, 19.7. 19F 
NMR (565 MHz, CDCl3)  4 (s, CF3). IR (neat)  3392 (OH), 3135, 2926, 2848, 1584, 1502, 1383, 1238, 
1133, 1092, 973 cm-1. HRMS (ESI-TOF) m/z calcd for C18H19F3N7O2 ([M+H]+): 422.1552; found: 422.1552. 
 
 
N-Benzyl-1-(1-(1-(4-methoxyphenyl)-3-(trifluoromethyl)-1H-pyrazol-5-yl)-1H-1,2,3-triazol-4-yl)-N-
methylmethanamine (1da): 

 FCC (SiO2, hexane/EtOAc 1:1); thick light yellow oil, 301 mg (68%). 1H NMR (600 
MHz, CDCl3)  7.46 (s, 1H), 7.31-7.28 (m, 2H), 7.26-7.21 (m, 3H), 7.18-7.15 (m, 2H), 6.96 (s, 1H), 6.84-6.81 
(m, 2H), 3.72, (s, 2H), 3.70 (s, 3H), 3.46 (s, 2H), 2.19 (s, 3H). 13C{1H} NMR (151 MHz, CDCl3)  160.5, 146.3, 
142.8 (q, 2JC-F = 39.5 Hz, C-3), 138.6, 136.0, 129.7, 129.0, 128.5, 127.4, 125.9, 124.9, 120.7 (q, 1JC-F = 269.5 
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Hz, CF3), 114.8, 102.7 (q, 3JC-F = 2.2 Hz, C-4), 61.3, 55.6, 51.8, 42.3. 19F NMR (565 MHz, CDCl3)  76 (s, 
CF3). IR (neat)  3135, 2937, 2840, 2796, 1599, 1502, 1368, 1238, 1181, 1133, 1092, 1025, 973 cm-1. HRMS 
(ESI-TOF) m/z calcd for C22H22F3N6O ([M+H]+): 443.1807; found: 443.1812. 
 
 
6,7-Bis(2-methoxyethoxy)-N-(4-(1-(1-(4-methoxyphenyl)-3-(trifluoromethyl)-1H-pyrazol-5-yl)-1H-1,2,3-
triazol-4-yl)phenyl)quinazolin-4-amine (1db): 

 Following the general procedure, azide 5c (425 mg, 1.50 mmol) 
was reacted with erlotinib (393 mg, 1.00 mmol). Reaction time: 40 h; FCC (SiO2, EtOAc/MeOH 9:1); yellow 
solid, 568 mg (84%); mp 96-100  (decomp). 1H NMR (600 MHz, CDCl3)  8.58 (sbr, 1H), 8.15 (s, 1H), 7.83-
7.72 (m, 3H), 7.44-7.17 (m, 6H), 6.96 (s, 1H), 6.83-6.81 (m, 2H), 4.23-4.16 (m, 4H), 3.78-3.75 (m, 4H), 3.74 
(s, 3H), 3.39 (s, 6H). 13C{1H} NMR (151 MHz, CDCl3)  160.5, 156.4, 154.6, 153.4, 149.1, 148.0, 147.3, 142.7 
(q, 2JC-F = 39.5 Hz, C-3), 139.6, 135.7, 129.9, 129.7, 129.61, 129.57, 125.9, 122.3, 122.1, 121.4, 120.6 (q, 1JC-

F = 269.5 Hz, CF3), 119.2, 114.8, 109.4, 108.7, 102.8 (br), 71.0, 70.5, 69.2, 68.4, 59.33, 59.30, 55.6. 19F NMR 
(565 MHz, CDCl3)  67 (s, CF3). IR (neat)  2926, 1580, 1502, 1431, 1390, 1238, 1126, 1025, 973 cm-1. 
HRMS (ESI-TOF) m/z calcd for C33H32F3N8O5 ([M+H]+): 677.2448; found: 677.2439. 
 
 
(R)-N-((1-(1-(4-methoxyphenyl)-3-(trifluoromethyl)-1H-pyrazol-5-yl)-1H-1,2,3-triazol-4-yl)methyl)-2,3-
dihydro-1H-inden-1-amine (1dc): 

 FCC (SiO2, hexane/EtOAc 1:2); thick light yellow oil, 349 mg (77%); [ ]D
23 

= +1.20 (c = 0.37, CHCl3). 1H NMR (600 MHz, CDCl3)  7.51 (s, 1H), 7.28-7.27 (m, 1H), 7.24-7.16 (m, 5H), 
6.93 (s, 1H), 6.85-6.83 (m, 2H), 4.20 (t, 3JH-H  6.5 Hz, 1H), 4.04 (d, 2JH-H = 14.3 Hz, 1H), 4.01 (d, 2JH-H = 14.3 
Hz, 1H), 3.74 (s, 3H), 3.03-2.98 (m, 1H), 2.84-2.78 (m, 1H), 2.41-2.35 (m, 1H), 2.03 (sbr, 1H), 1.86-1.80 (m, 
1H). 13C{1H} NMR (151 MHz, CDCl3)  160.5, 148.2, 144.6, 143.7, 142.8 (q, 2JC-F = 39.5 Hz), 136.0, 129.7, 
127.8, 126.5, 126.1, 125.0, 124.22, 124.15, 120.7 (q, 1JC-F = 269.2 Hz, CF3), 114.8, 102.6 (q, 3JC-F = 2.7 Hz), 
62.8, 55.6, 42.3, 33.6, 30.5. 19F NMR (565 MHz, CDCl3)  75 (s, CF3). IR (neat)  2933, 2848, 1580, 1502, 
1461, 1238, 1182, 1133, 1092, 1029, 973 cm-1. HRMS (ESI-TOF) m/z calcd for C23H22F3N6O ([M+H]+): 
455.1807; found: 455.1811. 
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(8S,13S,14S,17S)-13-Ethyl-17-hydroxy-17-(1-(1-(4-methoxyphenyl)-3-(trifluoromethyl)-1H-pyrazol-5-yl)-
1H-1,2,3-triazol-4-yl)-1,2,6,7,8,13,14,15,16,17-decahydro-3H-cyclopenta[a]phenanthren-3-one (1dd): 

  Following the general procedure, azide 5c (425 mg, 1.5 mmol) 
was reacted with gestrinone (308 mg ,1.0 mmol). Reaction time: 16 h; FCC (SiO2, DCM/MeOH 95:5); yellow 
solid, 514 mg (87%); mp 113- [ ]D

23 = +41.35 (c = 0.23, CHCl3). 1H NMR (600 MHz, CDCl3)  7.42 (s, 
1H), 7.09-7.06 (m, 2H), 6.94 (s, 1H), 6.79-6.76 (m, 2H), 6.33 (d, 3JH-H = 10.1 Hz, 1H), 6.18 (d, 3JH-H = 10.1 Hz, 
1H), 5.75 (s, 1H), 3.75 (s, 3H), 3.02 (sbr, 1H), 2.83 (dtd, J  15.4, 6.7, 1.8 Hz, 1H), 2.71 (dddd, J = 15.4, 9.0, 
6.3, 2.3 Hz, 1H), 2.61-2.39 (m, 6H), 2.23 (ddd, J = 14.4, 11.1, 3.3 Hz, 1H), 1.91-1.81 (m, 2H), 1.77-1.73 (m, 
1H), 1.63-1.55 (m, 3H), 1.19-1.12 (m, 1H), 1.08 (t, 3JH-H = 7.5 Hz, 3H). 13C{1H} NMR (151 MHz, CDCl3)  199.2, 
160.6, 156.3, 154.6, 142.8 (q, 2JC-F = 39.5 Hz), 141.2, 139.5, 135.6, 129.6, 127.6, 125.6, 124.7, 123.9, 123.2, 
120.6 (q, 1JC-F = 269.2 Hz, CF3), 114.7, 102.7 (q, 3JC-F = 2.7 Hz), 81.5, 55.6, 51.2, 48.5, 38.2, 37.8, 36.7, 31.6, 
27.0, 24.42, 24.36, 22.7, 11.4. 19F NMR (565 MHz, CDCl3)  3 (s, CF3). IR (neat)  3401 (OH), 2937, 
1636 (C=O), 1569, 1502, 1238, 1137, 1096, 1029 cm-1.HRMS (ESI-TOF) m/z calcd for C32H33F3N5O3 ([M+H]+): 
592.2535; found: 592.2533. 
 
 
 
Synthesis of 4-(1-(1-(4-methoxyphenyl)-3-(trifluoromethyl)-1H-pyrazol-5-yl)-1H-1,2,3-triazol-4-yl)-
benzyl acetate (1bv): To a solution of 1,2,3-triazole 1bp (100 mg, 0.24 mmol) in dry DCM (2.0 mL) were 
added Et3N (0.25 mL), followed by acetic anhydride (0.25 mL), and the mixture was stirred a  (oil 
bath). After 1.5 h, the reaction was quenched with water (10 mL) and extracted with DCM (3  10 mL). 
The combined organic layers were dried over Na2SO4, filtered, and removed under reduced pressure. The 
product 1bv was recrystallized from a mixture of DCM/hexane (1:1). 

 Colourless solid, 100 mg (91%); mp 87- 1H NMR (600 MHz, CDCl3)  
7.80-7.78 (m, 2H), 7.76 (s, 1H), 7.44-7.41 (m, 2H), 7.25-7.22 (m, 2H), 6.99 (s, 1H), 6.89-6.86 (m, 2H), 5.13 
(s, 2H), 3.79 (s, 3H), 2.11 (s, 3H). 13C{1H} NMR (151 MHz, CDCl3)  170.9, 160.6, 147.9, 142.8 (q, 2JC-F = 39.5 
Hz), 137.0, 135.7, 129.7, 129.2, 129.0, 126.3, 126.0, 121.7, 120.6 (q, 1JC-F = 269.5 Hz), 114.9, 102.8 (q, 3JC-F 
= 2.7 Hz), 65.9, 55.7, 21.1. 19F NMR (565 MHz, CDCl3)  75 (s, CF3). IR (neat)  2933, 1737, 1580, 1525, 
1502, 1364, 1241, 1185, 1133, 1014, 977 cm-1. (+)-ESI-MS (m/z): 458.3 (40, [M+H]+), 480.3 (100, [M+Na]+). 
Anal. calcd. for C22H18F3N5O3 (457.4): C 57.77, H 3.97, N 15.31; found: C 57.81, H 3.90, N 15.20. 
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Synthesis of 4-(1-(1-(4-methoxyphenyl)-3-(trifluoromethyl)-1H-pyrazol-5-yl)-1H-1,2,3-triazol-4-yl)benz-
aldehyde (1bw): A mixture of 1,2,3-triazole 1bp (80 mg, 0.19 mmol), PCC (50 mg, 0.23 mmol), and Celite 
(5 mg) in freshly dried DCM (3.0 mL) was stirred at room temperature for 3 h (TLC monitoring). The solvent 
was then evaporated in vacuo. The crude product 1bw was purified by column chromatography. 

  CC (SiO2, hexane/EtOAc 2:3); yellow solid, 77 mg (98%); mp 126- . 
1H NMR (600 MHz, CDCl3)  10.03 (s, 1H), 7.98-7.94 (m, 4H), 7.89 (s, 1H), 7.26-7.24 (m, 2H), 7.00 (s, 1H), 
6.90-6.87 (m, 2H), 3.79 (s, 3H). 13C{1H} NMR (151 MHz, CDCl3)  191.6, 160.6, 147.1, 142.9 (q, 2JC-F = 39.8 
Hz), 136.6, 135.5, 134.9, 130.6, 129.6, 126.5, 126.1, 122.8, 120.6 (q, 1JC-F = 269.5 Hz), 114.9, 102.9 (q, 3JC-F 
= 2.2 Hz), 55.7. 19F NMR (565 MHz, CDCl3)  4 (s, CF3). IR (neat)  3123, 2960, 2922, 1700, 1610, 1502, 
1394, 1238, 1156, 1118, 1099, 1025, 969 cm-1. (+)-ESI-MS (m/z): 414.3 (100, [M+H]+). Anal. calcd. for 
C20H14F3N5O2 (413.4): C 58.11, H 3.41, N 16.94; found: C 58.04, H 3.69, N 16.80. 
 
 
Synthesis of methyl 4-(1-(1-(4-methoxyphenyl)-3-(trifluoromethyl)-1H-pyrazol-5-yl)-1H-1,2,3-triazol-4-
yl)benzoate (1bx): To a solution of 1,2,3-triazole 1bp (100 mg, 0.24 mmol) in MeCN (4.0 mL) were added 
solid Na2CO3 (38 mg, 0.36 mmol), followed by KMnO4 (94 mg, 0.60 mmol), and the resulting mixture was 

(oil bath) for 2 h. The mixture was allowed to reach room temperature and then filtered 
through a pad of Celite (washed with 10 mL of MeOH). The solvents were removed under reduced 
pressure. The residue was dissolved in MeOH (3.0 mL), concentrated H2SO4 (0.30 mL) was added, and the 

then evaporated, water (10 mL) was added, and 
the mixture was extracted with DCM (3  10 mL). The combined organic layers were dried over Na2SO4, 

filtered, and concentrated in vacuo. The crude product 1bx was purified by column chromatography. 

 CC (SiO2, DCM/MeOH 9:1); yellow solid, 99 mg (93%); mp 155- . 1H 
NMR (600 MHz, CDCl3)  8.11-8.08 (m, 2H), 7.87-7.85 (m, 3H), 7.25-7.23 (m, 2H), 6.99 (s, 1H), 6.89-6.87 
(m, 2H), 3.93 (s, 3H), 3.79 (s, 3H). 13C{1H} NMR (151 MHz, CDCl3)  166.6, 160.6, 147.4, 142.9 (q, 2JC-F = 39.5 
Hz), 135.6, 133.5, 130.6, 130.5, 129.6, 126.1, 125.9, 122.5, 120.6 (q, 1JC-F = 269.2 Hz), 114.9, 102.9 (q, 3JC-F 
= 2.2 Hz), 55.7, 52.4. 19F NMR (565 MHz, CDCl3)  4 (s, CF3). IR (neat)  3112, 2952, 2922, 2848, 1707, 
1502, 1439, 1286, 1241, 1178, 1129, 1103, 1014, 969 cm-1. (+)-ESI-MS (m/z): 444.2 (32, [M+H]+), 466.2 
(100, [M+Na]+). Anal. calcd. for C21H16F3N5O3 (443.4): C 56.89, H 3.64, N 15.80; found: C 56.85, H 3.84, N 
15.70. 
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Synthesis of 4-(1-(1-(4-methoxyphenyl)-3-(trifluoromethyl)-1H-pyrazol-5-yl)-1H-1,2,3-triazol-4-yl)benz-
amide (1by): To a solution of 1,2,3-triazole 1bf (80 mg, 0.20 mmol) in acetone (2.0 mL) were added an 
aqueous solution of Na2CO3 (3 M, 1.0 mL) and H2O2 (30%, 1.0 mL), and the mixture was stirred at room 
temperature. After 2 h, the precipitated 1by was filtered off and recrystallized from MeCN. 

  Colourless solid, 81 mg (94%); mp 237- 1H NMR (600 MHz, DMSO-
d6)  9.14 (s, 1H), 8.04 (sbr, 1H), 8.00-7.97 (m, 2H), 7.94-7.90 (m, 2H), 7.64 (s, 1H), 7.41 (sbr, 1H), 7.35-7.30 
(m, 2H), 7.02-6.98 (m, 2H), 3.76 (s, 3H). 13C{1H} NMR (151 MHz, DMSO-d6)  167.3, 159.9, 146.0, 140.9 (q, 
2JC-F = 38.4 Hz), 136.0, 134.2, 131.8, 129.4, 128.4, 126.3, 125.4, 125.1, 120.8 (q, 1JC-F = 269.2 Hz), 114.6, 
103.7 (br), 55.5. 19F NMR (565 MHz, DMSO-d6)  28 (s, CF3). IR (neat)  3418 (N-H), 3135 (N-H), 2931, 
1651 (C=O), 1617, 1502, 1390, 1241, 1156, 1126, 1103, 1021, 969 cm-1. -ESI-MS (m/z): 400 (92), 427.0 
(100, [M H]-). HRMS (ESI-TOF) m/z calcd for C20H16F3N6O2 ([M+H]+): 429.1287; found: 429.1295. 
 
 
Synthesis of 1-(1-(4-Methoxyphenyl)-3-(trifluoromethyl)-1H-pyrazol-5-yl)-4-(p-tolyl)-1H-1,2,3-triazole 
(1bc) by hydrogenation of pyrazole-triazole hybrid 1bf: To a solution of 1,2,3-triazole 1bf (80 mg, 0.2 
mmol) in dry THF (5.0 mL) was added 10% Pd/C (200 mg), and the resulting mixture was hydrogenated 
(H2, 70 psi) at room temperature for 5 h. The mixture was filtered through a short pad of Celite (washed 
with 5.0 mL of EtOAc), and the solvents were removed under reduced pressure to give spectroscopically 
pure 1bc (79 mg, 99%). 
 
 
Synthesis of N-(4-(1-(1-(4-methoxyphenyl)-3-(trifluoromethyl)-1H-pyrazol-5-yl)-1H-1,2,3-triazol-4-yl)-
benzyl)isobutyramide (1bz): To 1,2,3-triazole 1bf (100 mg, 0.24 mmol) in MeOH (6.0 mL) were added 
freshly prepared Raney-Ni (400 mg), followed by aqueous solution of NH3 (25%, 1.0 mL), and mixture was 
hydrogenated (H2, positive pressure from a balloon) at room temperature for 2 h. The reaction mixture 
was filtered through a pad of Celite (washed with 5 mL of MeOH), and the solvents were removed in 
vacuo. The residue was dissolved in dry THF (4.0 mL), Et3N (0.10 mL) was added, and the mixture was 
stirred at 0  for 10 min. Next, isobutyryl chloride (0.10 mL, 0.48 mmol) was added dropwise, and the 
mixture was stirred at room temperature for 1 h. The reaction was quenched with water (20 mL) and 
extracted with DCM (3  10 mL). The combined organic layers were dried over anhydrous Na2SO4, filtered, 
and concentrated in vacuo. The crude product 1bz was purified by column chromatography. 

 CC (SiO2, hexane/EtOAc 1:1); colourless solid, 86 mg (74%); mp 160-162 
. 1H NMR (600 MHz, CDCl3)  7.76-7.73 (m, 3H), 7.34-7.32 (m, 2H), 7.24-7.21 (m, 2H), 6.98 (s, 1H), 6.88-

6.85 (m, 2H), 5.82 (t, 3JH-H = 5.9 Hz, 1H), 4.46 (d, 3JH-H = 5.9 Hz, 1H), 3.79 (s, 3H), 2.40 (hept, 3JH-H = 6.9 Hz, 
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1H), 1.19 (d, J = 6.9 Hz, 6H). 13C{1H} NMR (151 MHz, CDCl3)  177.0, 160.6, 148.0, 142.8 (q, 2JC-F = 39.8 Hz), 
139.7, 135.8, 129.7, 128.4*,126.4, 126.0, 121.5, 120.6 (q, 1JC-F = 269.8 Hz), 114.8, 102.8 (q, 3JC-F = 2.7 Hz), 
55.7, 43.2, 35.8, 19.8; *higher intensity. 19F NMR (565 MHz, CDCl3)  4 (s, CF3). IR (neat)  3351 (N-
H), 2967, 2933, 1644 (C=O), 1588, 1525, 1495, 1375, 1238, 1156, 1126, 1021, 973 cm-1. (+)-ESI-MS (m/z): 
485.3 (100, [M+H]+). Anal. calcd. for C24H23F3N6O2 (484.5): C 59.50, H 4.79, N 17.35; found: C 59.52, H 4.89, 
N 17.12. 
 
 
General procedure for synthesis of azides 5: To a solution of 1-aryl-3-(trifluoromethyl)pyrazole 3 (1.00 
mmol) in anhydrous THF (1 n-BuLi (2.5M in hexane, 0.52 mL, 1.30 mmol) 
was added. After 5 min, a solution of tosyl azide (405 mg, 2.05 mmol) in dry THF (5 mL) was added 
dropwise. The reaction mixture was allowed to warm to room temperature and stirred for 4 h. The 
reaction was quenched with 1M NH4Cl (15 20 mL). The combined organic 

10 mL), dried over Na2SO4, filtered, and the solvents were removed 
in vacuo. The crude product 5 was purified by standard column chromatography on silica gel (CC). 
 

5-Azido-1-(p-tolyl)-3-(trifluoromethyl)-1H-pyrazole (5a): 

 CC (SiO2, hexane/DCM 4:1); red solid, 222 mg (83%); mp 45- 1H NMR (600 MHz, 
CDCl3)  7.48-7.45 (m, 2H), 7.29-7.27 (m, 2H), 6.45 (s, 1H), 2.41 (s, 3H). 13C{1H} NMR (151 MHz, CDCl3)  
142.9 (q, 2JC-F = 38.7 Hz), 139.4, 139.0, 134.9, 129.8, 124.0, 120.9 (q, 1JC-F = 268.7 Hz), 94.1 (q, 3JC-F = 2.5 Hz), 
21.3. 19F NMR (565 MHz, CDCl3)  3.02 (s, CF3). IR (neat)  2922, 2136 (N3), 1517, 1472, 1282, 1233, 
1162, 1107, 972, 816 cm 1. (+)-ESI-MS (m/z): 268.3 (100, [M+H]+). Anal. calcd. for C11H8F3N5 (267.2): C 
49.44, H 3.02, N 26.21; found: C 49.40, H 3.02, N 26.19. 

 

5-Azido-1-(4-isopropylphenyl)-3-(trifluoromethyl)-1H-pyrazole (5b): 

 CC (SiO2, hexane/DCM 4:1), orange oil, 236 mg (80%). 1H NMR (600 MHz, CDCl3)  7.52-
7.49 (m, 2H), 7.35-7.32 (m, 2H), 6.46 (s, 1H), 2.98 (hept, 3JH-H = 7.0 Hz, 1H), 1.29 (d, 3JH-H = 7.0 Hz, 6H). 
13C{1H} NMR (151 MHz, CDCl3)  149.8, 142.8 (q, 2JC-F = 39.2 Hz), 139.4, 135.1, 127.2, 124.0, 120.9 (q, 1JC-F 
= 269.2Hz), 94.1 (q, 3JC-F =2.2 Hz), 34.0, 24.0. 19F NMR (565 MHz, CDCl3)  2 (s, CF3). IR (neat)  2963, 
2132 (N3), 1517, 1487, 1394, 1282, 1249, 1170, 1133, 973 cm 1. (+)-ESI-MS (m/z): 296.3 (100, [M+H]+), 



S22 
 

318.2 (65, [M+Na]+). Anal. calcd. for C13H12F3N5 (295.3): C 52.88, H 4.10, N 23.72; found: C 52.95, H 3.99, 
N 23.80. 
 
 
5-Azido-1-(4-methoxyphenyl)-3-(trifluoromethyl)-1H-pyrazole (5c): 

 CC (SiO2, hexane/DCM 4:1); orange solid, 266 mg (94%); mp 76- 1H NMR (600 MHz, 
CDCl3)  7.49-7.47 (m, 2H), 6.99-6.96 (m, 2H), 6.44 (s, 1H), 3.85 (s, 3H). 13C{1H} NMR (151 MHz, CDCl3)  
159.9, 142.7 (q, 2JC-F = 39.2 Hz), 139.4, 130.4, 125.7, 120.9 (q, 1JC-F = 269.2 Hz), 114.4, 94.0 (q, 3JC-F = 2.5 Hz), 
55.7. 19F NMR (565 MHz, CDCl3)  0 (s, CF3). IR (neat)  2922, 2140 (N3), 1513, 1469, 1223, 1170, 
1118, 1092, 1021, 969 cm 1. (+)-ESI-MS (m/z): 284.3 (100, [M+H]+). Anal. calcd. for C11H8F3N5O (283.2): C 
46.65, H 2.85, N 24.73; found: C 46.66, H 2.81, N 24.76. 
 
 
5-Azido-1-(4-(benzyloxy)phenyl)-3-(trifluoromethyl)-1H-pyrazole (5d): 

 CC (SiO2, hexane/DCM 1:1); red solid, 305 mg (85%); mp 61- 1H NMR (600 MHz, 
CDCl3)  7.52-7.48 (m, 2H), 7.47-7.45 (m, 2H), 7.43-7.40 (m, 2H), 7.38-7.35 (m, 1H), 7.08-7.05 (m, 2H), 6.45 
(s, 1H), 5.12 (s, 2H). 13C{1H} NMR (151 MHz, CDCl3)  159.0, 142.7 (q, 2JC-F = 39.2 Hz), 139.4, 136.5, 130.6, 
128.8, 128.3, 127.6, 125.6, 120.9 (q, 1JC-F =269.2 Hz), 115.3, 94.0 (q, 3JC-F =2.2 Hz), 70.5. 19F NMR (565 MHz, 
CDCl3)  2.96 (s, CF3). IR (neat)  2928, 2132 (N3), 1595, 1510, 1469, 1379, 1286, 1234, 1170, 1122, 998, 
969 cm 1. (+)-ESI-MS (m/z): 360.3 (100, [M+H]+), 382.2 (23, [M+Na]+). Anal. calcd. for C17H12F3N5O (359.3): 
C 56.83, H 3.37, N 19.49; found: C 56.82, H 3.31, N 19.49. 
 
 
5-Azido-1-(4-chlorophenyl)-3-(trifluoromethyl)-1H-pyrazole (5e): 

 CC (SiO2, hexane/DCM 4:1); orange solid, 173 mg (60%); mp 45- 1H NMR (600 MHz, 
CDCl3)  7.60-7.57 (m, 2H), 7.46-7.43 (m, 2H), 6.47 (s, 1H). 13C{1H} NMR (151 MHz, CDCl3)  143.3 (q, 2JC-F 
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= 39.2 Hz), 139.7, 136.0, 134.5, 129.4, 125.0, 120.7 (q, 1JC-F = 269.2 Hz), 94.5 (q, 3JC-F = 2.5 Hz). 19F NMR 
(565 MHz, CDCl3)  18 (s, CF3). IR (neat)  2925, 2136 (N3), 1469, 1394, 1279, 1245, 1174, 1133, 1092, 
1006, 972 cm 1. (+)-ESI-MS (m/z): 288.2 (100, [M+H]+). Anal. calcd. for C10H5ClF3N5 (287.6): C 41.76, H 1.75, 
N 24.35; found: C 41.97, H 1.88, N 24.40. 
 
 
5-Azido-3-(trifluoromethyl)-1-(4-(trifluoromethyl)phenyl)-1H-pyrazole (5f): 

 CC (SiO2, hexane/DCM 3:2); orange solid, 257 mg (80%); mp 52- 1H NMR (600 MHz, 
CDCl3)  7.84-7.81 (m, 2H), 7.75-7.72 (m, 2H), 6.50 (s, 1H). 13C{1H} NMR (151 MHz, CDCl3)  143.8 (q, 2JC-F 
= 39.2Hz), 140.2, 140.1, 130.4 (q, 2JC-F = 33.2 Hz), 126.5 (q, 3JC-F = 3.5 Hz), 123.8 (q, 1JC-F = 272.5 Hz), 123.6, 
120.6 (q, 1JC-F = 269.2 Hz), 94.9 (q, 3JC-F = 2.5 Hz). 19F NMR (565 MHz, CDCl3)  62.72 (s, CF3), 63.36 (s, 
CF3). IR (neat)  2932, 2132 (N3), 1618, 1491, 1394, 1323, 1260, 1170, 1103, 1066, 969 cm 1. (+)-ESI-MS 
(m/z): 322.2 (100, [M+H]+), 344.1 (19, [M+Na]+). Anal. calcd. for C11H5F6N5 (321.0): C 41.14, H 1.57, N 21.81; 
found: C 41.22, H 1.64, N 21.87. 
 
 
4-(5-Azido-3-(trifluoromethyl)-1H-pyrazol-1-yl)benzonitrile (5g): 

 CC (SiO2, hexane/DCM 4:1); red oil, 103 mg (37%, ca. 90% purity). 1H NMR (600 MHz, 
CDCl3)  7.89-7.86 (m, 2H), 7.78-7.75 (m, 2H), 6.51 (s, 1H). 13C{1H} NMR (151 MHz, CDCl3)  144.1 (q, 2JC-F 
= 39.2 Hz), 140.8, 140.3, 133.3, 123.5, 122.3 (q, 1JC-F = 282.3 Hz), 118.0, 111.9, 95.2 (q, 3JC-F = 2.7 Hz). 19F 
NMR (565 MHz, CDCl3)  39 (s, CF3). IR (neat)  2950, 2933, 2229 (CN), 2140 (N3), 1607, 1513, 1487, 
1394, 1249, 1170, 1133, 1100 cm 1. HRMS (ESI-TOF) m/z calcd for C11H5F3N6Na ([M+Na]+): 301.0425; 
found: 301.0417.  
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Synthesis of 4-azido-1-(p-tolyl)-3-(trifluoromethyl)-1H-pyrazole (8): Following a general literature 
protocol,5 a solution of 1-aryl-3-CF3-pyrazole 3a (226 mg, 1.0 mmol), ceric ammonium nitrate (CAN, 603 
mg, 1.1 mmol), and elemental iodine (330 mg, 1.3 mmol) in MeCN (6.0 mL) was refluxed (oil bath) 
overnight. After removal of the solvent in vacuo, the residue was dissolved in DCM (15 mL). The resulting 
solution was washed with sat. aq. Na2S2O3 (5.0 mL), followed by water (10 mL), and the organic layer was 
dried over Na2SO4. Evaporation of the solvent afforded a crude product, which was purified by filtration 
through a short silica gel pad (SiO2, hexane/DCM 3:2) to give iodide 7 (306 mg, 87%) as a yellow oil (1H 
NMR (600 MHz, CDCl3)  7.98 (s, 1H), 7.55-7.53 (m, 2H), 7.32-7.29 (m, 2H), 2.42 (s, 3H); data in accordance 
with the literature5). To a solution of this material (7, 306 mg, 0.87 mmol) in anhydrous THF (10 mL), n-
BuLi (2.5M in hexane, 0.452 mL, 1.13 mmol) was added dropwise an argon atmosphere. 
After 5 min, a solution of tosyl azide (256 mg, 1.3 mmol) in dry THF (4 mL) was added. The reaction mixture 
was allowed to reach room temperature, and stirring was continued for 4 h. The reaction was then 
quenched with 1M NH4Cl (10 mL), and the mixture was extracted with DCM (3  15 mL). The combined 
organic layers were washed with water (3  10 mL), dried over Na2SO4, filtered, and concentrated in vacuo. 
The crude product 8 was purified by standard column chromatography. 
 

 CC (SiO2, hexane/DCM 4:1); thick orange oil, 128 mg (42%). 1H NMR (600 MHz, 
CDCl3)  7.82 (s, 1H), 7.54-7.52 (m, 2H), 7.29-7.27 (m, 2H), 2.40 (s, 3H). 13C{1H} NMR (151 MHz, CDCl3)  
138.4, 136.9, 134.7 (q, 2JC-F = 38.4 Hz), 130.3, 123.1, 120.8 (q, 1JC-F = 269.5 Hz), 120.1, 119.6, 21.1. 19F NMR 
(565 MHz, CDCl3)  07 (s, CF3). IR (neat)  2930, 2125 (N3), 1513, 1402, 1301, 1238, 1167, 1126, 1051, 
962 cm 1. (+)-ESI-MS (m/z): 268.2 (100, [M+H]+); HRMS (ESI-TOF) m/z calcd. for C11H9F3N5 ([M+H]+): 
268.0810; found: 268.0812. 
 
 
 
Synthesis of 4-phenyl-1-(1-(p-tolyl)-3-(trifluoromethyl)-1H-pyrazol-4-yl)-1H-1,2,3-triazole (9): A mixture 
of azide 8 (107 mg, 0.40 mmol), phenylacetylene (61 mg, 0.60 mmol), copper(II) sulfate pentahydrate 
(15.0 mg, 0.06 mmol), and (+)-sodium L-ascorbate (23.8 mg, 0.12 mmol) in MeOH/H2O (10:1, 6 mL) was 

(oil bath) for 5 h. The solvents were evaporated, and the crude reaction mixture was 
dissolved in DCM (8 mL), dried over Na2SO4, and filtered through a Celite pad (washed with DCM). After 
evaporation of the solvent, the product 9 was purified by standard column chromatography (SiO2, 
hexane/AcOEt 9:1) and recrystallized from hexane. 

 Yellow solid, 99 mg (68%); mp 117- . 1H NMR (600 MHz, CDCl3)  7.78-7.80 
(m, 2H), 7.77 (s, 1H), 7.45-7.42 (m, 2H), 7.39-7.36 (m, 1H), 7.19-7.17 (m, 4H), 6.99 (s, 1H), 2.35 (s, 3H). 
13C{1H} NMR (151 MHz, CDCl3)  148.4, 142.9 (q, 2JC-F = 39.8 Hz), 140.1, 135.7, 134.4, 130.3, 129.3, 129.2, 
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129.1, 126.1, 124.2, 121.7, 120.6 (q, 1JC-F = 269.5 Hz), 103.0 (q, 3JC-F = 2.5 Hz), 21.3. 19F NMR (565 MHz, 
CDCl3)  4 (s, CF3). IR (neat)  3153, 2925, 1580, 1502, 1364, 1238, 1156, 1133, 1014, 977 cm-1. (+)-
ESI-MS (m/z): 370.2 (12, [M+H]+), 392.4 (100, [M+Na]+). HRMS (ESI-TOF) m/z calcd. for C19H15F3N5 ([M+H]+): 
370.1280; found: 370.1288. 
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3. Copies of NMR spectra 

 

 

 

Fig S1. 1H NMR (600 MHz, CDCl3), 13C{1H} NMR (151 MHz, CDCl3) and 19F NMR (565 MHz, CDCl3) spectra for compound 1aa. 



S27 
 

 

 

 

Fig S2. 1H NMR (600 MHz, CDCl3), 13C{1H} NMR (151 MHz, CDCl3) and 19F NMR (565 MHz, CDCl3) spectra for compound 1ab. 
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Fig S3. 1H NMR (600 MHz, CDCl3), 13C{1H} NMR (151 MHz, CDCl3) and 19F NMR (565 MHz, CDCl3) spectra for compound 1ac. 
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Fig S4. 1H NMR (600 MHz, CDCl3), 13C{1H} NMR (151 MHz, CDCl3) and 19F NMR (565 MHz, CDCl3) spectra for compound 1ad. 
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Fig S5. 1H NMR (600 MHz, CDCl3), 13C{1H} NMR (151 MHz, CDCl3) and 19F NMR (565 MHz, CDCl3) spectra for compound 1ae. 
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Fig S6. 1H NMR (600 MHz, CDCl3), 13C{1H} NMR (151 MHz, CDCl3), and 19F NMR (565 MHz, CDCl3) spectra for compound 1ef. 
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Fig S7. 1H NMR (600 MHz, CDCl3), 13C{1H} NMR (151 MHz, CDCl3) and 19F NMR (565 MHz, CDCl3) spectra for compound 1ag. 
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Fig S8. 1H NMR (600 MHz, CDCl3), 13C{1H} NMR (151 MHz, CDCl3) and 19F NMR (565 MHz, CDCl3) spectra for compound 1ba. 
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Fig S9. 1H NMR (600 MHz, CDCl3), 13C{1H} NMR (151 MHz, CDCl3) and 19F NMR (565 MHz, CDCl3) spectra for compound 1bb. 
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Fig S10. 1H NMR (600 MHz, CDCl3), 13C{1H} NMR (151 MHz, CDCl3) and 19F NMR (565 MHz, CDCl3) spectra for compound 1bc. 
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Fig S11. 1H NMR (600 MHz, CDCl3), 13C{1H} NMR (151 MHz, CDCl3) and 19F NMR (565 MHz, CDCl3) spectra for compound 1bd. 



S37 
 

 

 

 

Fig S12. 1H NMR (600 MHz, CDCl3), 13C{1H} NMR (151 MHz, CDCl3) and 19F NMR (565 MHz, CDCl3) spectra for compound 1be. 
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Fig S13. 1H NMR (600 MHz, CDCl3), 13C{1H} NMR (151 MHz, CDCl3) and 19F NMR (565 MHz, CDCl3) spectra for compound 1bf. 
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Fig S14. 1H NMR (600 MHz, CDCl3), 13C{1H} NMR (151 MHz, CDCl3) and 19F NMR (565 MHz, CDCl3) spectra for compound 1bg. 
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Fig S15. 1H NMR (600 MHz, CDCl3), 13C{1H} NMR (151 MHz, CDCl3) and 19F NMR (565 MHz, CDCl3) spectra for compound 1bh. 
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Fig S16. 1H NMR (600 MHz, CDCl3), 13C{1H} NMR (151 MHz, CDCl3) and 19F NMR (565 MHz, CDCl3) spectra for compound 1bi. 
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Fig S17. 1H NMR (600 MHz, CDCl3), 13C{1H} NMR (151 MHz, CDCl3) and 19F NMR (565 MHz, CDCl3) spectra for compound 1bj. 
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Fig S18. 1H NMR (600 MHz, CDCl3), 13C{1H} NMR (151 MHz, CDCl3) and 19F NMR (565 MHz, CDCl3) spectra for compound 1bk. 
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Fig S19. 1H NMR (600 MHz, CDCl3), 13C{1H} NMR (151 MHz, CDCl3) and 19F NMR (565 MHz, CDCl3) spectra for compound 1bl. 
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Fig S20. 1H NMR (600 MHz, CDCl3), 13C{1H} NMR (151 MHz, CDCl3) and 19F NMR (565 MHz, CDCl3) spectra for compound 1bm. 
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Fig S21. 1H NMR (600 MHz, CDCl3), 13C{1H} NMR (151 MHz, CDCl3) and 19F NMR (565 MHz, CDCl3) spectra for compound 1bn. 
  



S47 
 

 

 

 
Fig S22. 1H NMR (600 MHz, CDCl3), 13C{1H} NMR (151 MHz, CDCl3) and 19F NMR (565 MHz, CDCl3) spectra for compound 1bo. 
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Fig S23. 1H NMR (600 MHz, CDCl3), 13C{1H} NMR (151 MHz, CDCl3) and 19F NMR (565 MHz, CDCl3) spectra for compound 1bp. 
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Fig S24. 1H NMR (600 MHz, CDCl3), 13C{1H} NMR (151 MHz, CDCl3) and 19F NMR (565 MHz, CDCl3) spectra for compound 1bq. 
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Fig S25. 1H NMR (600 MHz, CDCl3), 13C{1H} NMR (151 MHz, CDCl3) and 19F NMR (565 MHz, CDCl3) spectra for compound 1br. 
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Fig S26. 1H NMR (600 MHz, CDCl3), 13C{1H} NMR (151 MHz, CDCl3) and 19F NMR (565 MHz, CDCl3) spectra for compound 1bs. 
  



S52 
 

 

 

 
Fig S27. 1H NMR (600 MHz, CDCl3), 13C{1H} NMR (151 MHz, CDCl3) and 19F NMR (565 MHz, CDCl3) spectra for compound 1bt. 
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Fig S28. 1H NMR (600 MHz, DMSO-d6), 13C{1H} NMR (151 MHz, DMSO-d6) and 19F NMR (565 MHz, CDCl3) spectra for compound 
1bu.  
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Fig S29. 1H NMR (600 MHz, CDCl3), 13C{1H} NMR (151 MHz, CDCl3) and 19F NMR (565 MHz, CDCl3) spectra for compound 1bv. 
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Fig S30. 1H NMR (600 MHz, CDCl3), 13C{1H} NMR (151 MHz, CDCl3) and 19F NMR (565 MHz, CDCl3) spectra for compound 1bw. 
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Fig S31. 1H NMR (600 MHz, CDCl3), 13C{1H} NMR (151 MHz, CDCl3) and 19F NMR (565 MHz, CDCl3) spectra for compound 1bx. 
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Fig S32. 1H NMR (600 MHz, DMSO-d6), 13C{1H} NMR (151 MHz, DMSO-d6) and 19F NMR (565 MHz, DMSO-d6) spectra for compound 
1by.  
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Fig S33. 1H NMR (600 MHz, CDCl3), 13C{1H} NMR (151 MHz, CDCl3) and 19F NMR (565 MHz, CDCl3) spectra for compound 1bz. 
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Fig S34. 1H NMR (600 MHz, CDCl3), 13C{1H} NMR (151 MHz, CDCl3) and 19F NMR (565 MHz, CDCl3) spectra for compound 1ca. 
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Fig S35. 1H NMR (600 MHz, CDCl3), 13C{1H} NMR (151 MHz, CDCl3) and 19F NMR (565 MHz, CDCl3) spectra for compound 1cb. 
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Fig S36. 1H NMR (600 MHz, CDCl3), 13C{1H} NMR (151 MHz, CDCl3) and 19F NMR (565 MHz, CDCl3) spectra for compound 1cc. 
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Fig S37. 1H NMR (600 MHz, CDCl3), 13C{1H} NMR (151 MHz, CDCl3) and 19F NMR (565 MHz, CDCl3) spectra for compound 1cd. 
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Fig S38. 1H NMR (600 MHz, CDCl3), 13C{1H} NMR (151 MHz, CDCl3) and 19F NMR (565 MHz, CDCl3) spectra for compound 1ce. 
  



S64 
 

 

 

 
Fig S39. 1H NMR (600 MHz, CDCl3), 13C{1H} NMR (151 MHz, CDCl3) and 19F NMR (565 MHz, CDCl3) spectra for compound 1cf. 
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Fig S40. 1H NMR (600 MHz, CDCl3), 13C{1H} NMR (151 MHz, CDCl3) and 19F NMR (565 MHz, CDCl3) spectra for compound 1cg. 
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Fig S41. 1H NMR (600 MHz, CDCl3), 13C{1H} NMR (151 MHz, CDCl3) and 19F NMR (565 MHz, CDCl3) spectra for compound 1ch. 
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Fig S42. 1H NMR (600 MHz, CDCl3), 13C{1H} NMR (151 MHz, CDCl3) and 19F NMR (565 MHz, CDCl3) spectra for compound 1da. 
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Fig S43. 1H NMR (600 MHz, CDCl3), 13C{1H} NMR (151 MHz, CDCl3) and 19F NMR (565 MHz, CDCl3) spectra for compound 1db. 
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Fig S44. 1H NMR (600 MHz, CDCl3), 13C{1H} NMR (151 MHz, CDCl3) and 19F NMR (565 MHz, CDCl3) spectra for compound 1dc. 
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Fig S45. 1H NMR (600 MHz, CDCl3), 13C{1H} NMR (151 MHz, CDCl3) and 19F NMR (565 MHz, CDCl3) spectra for compound 1dd. 
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Fig S46. 1H NMR (600 MHz, CDCl3), 13C{1H} NMR (151 MHz, CDCl3) and 19F NMR (565 MHz, CDCl3) spectra for compound 5a. 
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Fig S47. 1H NMR (600 MHz, CDCl3), 13C{1H} NMR (151 MHz, CDCl3) and 19F NMR (565 MHz, CDCl3) spectra for compound 5b. 
  



S73 
 

 

 

 
Fig S48. 1H NMR (600 MHz, CDCl3), 13C{1H} NMR (151 MHz, CDCl3) and 19F NMR (565 MHz, CDCl3) spectra for compound 5c. 
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Fig S49. 1H NMR (600 MHz, CDCl3), 13C{1H} NMR (151 MHz, CDCl3) and 19F NMR (565 MHz, CDCl3) spectra for compound 5d. 
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Fig S50. 1H NMR (600 MHz, CDCl3), 13C{1H} NMR (151 MHz, CDCl3) and 19F NMR (565 MHz, CDCl3) spectra for compound 5e. 
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Fig S51. 1H NMR (600 MHz, CDCl3), 13C{1H} NMR (151 MHz, CDCl3) and 19F NMR (565 MHz, CDCl3) spectra for compound 5f. 
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Fig S52. 1H NMR (600 MHz, CDCl3), 13C{1H} NMR (151 MHz, CDCl3) and 19F NMR (565 MHz, CDCl3) spectra for compound 5g. 
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Fig S53. 1H NMR (600 MHz, CDCl3), 13C{1H} NMR (151 MHz, CDCl3) and 19F NMR (565 MHz, CDCl3) spectra for compound 8. 
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Fig S54. 1H NMR (600 MHz, CDCl3), 13C{1H} NMR (151 MHz, CDCl3) and 19F NMR (565 MHz, CDCl3) spectra for compound 9. 
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4. Crystallographic analysis 
 
Crystallographic analysis of 1bb: Single crystals of 1bb (C20H16F3N5O2) were measured. A suitable crystal 
was selected and measured on a XtaLAB Synergy, Dualflex, Pilatus 300K diffractometer. The crystal was 
mounted in inert oil on nylon loops and kept at 100.00(10) K during data collection. Measurements for 
compound 1bb were performed using mirror-focused Cu-
implemented on the basis of multi-scans. 
Using Olex2,6a the structure was solved with the SHELXT6b structure solution program using Intrinsic 
Phasing and refined with the XL6c refinement package using Least Squares minimization. Hydrogen atoms 
were included using rigid methyl groups or a riding model starting from calculated positions. 
 
Complete crystallographic data have been deposited at the Cambridge Crystallographic Data Center as 
supplementary publication numbers CCDC-2425718. These data can be obtained free of charge from the 
Cambridge Crystallographic Data Centre via https://www.ccdc.cam.ac.uk/structures/ 
 

 
Fig S55. A view of the molecular structure of compound 1bb. Displacement ellipsoids are drawn at the 50% 
probability level. X-ray data collected at the ambient temperature 100 K. 
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Fig S56. A view of the molecular packing in the structure of compound 1bb. 

Crystal structure determination of 1bb: Crystal Data for C20H16F3N5O2 (M =415.38 g/mol): monoclinic, 
space group P21/n (no. 14), a = 19.3507(3) b = 5.45900(10) c = 19.9061(3)  = 115.142(2) V = 
1903.57(6) 3, Z = 4, T = 100.00(10)  = 1.003 mm-1, Dcalc = 1.449 g/cm3, 37202 reflections 
measured (5.336 158.398 3961 unique (Rint = 0.0304, Rsigma = 0.0144) which were used in all 
calculations. The final R1 was 0.0318 wR2 was 0.0832 (all data).  

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

Details: 
1. Fixed Uiso 
 At 1.2 times of: 
  All C(H) groups 
 At 1.5 times of: 
  All C(H,H,H) groups 
2. Others 
 Sof(F9B)=Sof(F8B)=Sof(F7B)=1-FVAR(1) 
 Sof(F7A)=Sof(F8A)=Sof(F9A)=FVAR(1) 
3.a Aromatic/amide H refined with riding coordinates: 
 C14(H14), C4(H4), C20(H20), C16(H16), C17(H17), C19(H19), C24(H24), C28(H28), 
 C27(H27), C25(H25) 
3.b Idealised Me refined as rotating group: 
 C22(H22A,H22B,H22C), C30(H30A,H30B,H30C) 
This report has been created with Olex2, compiled on 2024.02.14 svn.r2f8d729c for Rigaku Oxford Diffraction. Please let us know if there are 
any errors or if you would like to have additional features. 

 

Table S1. Crystal data and structure refinement for 1bb. 

Identification code  ksw_260_auto 

Empirical formula  C20H16F3N5O2  

Formula weight  415.38  
Temperature/K  100.00(10) 

Crystal system  monoclinic  
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Space group  P21/n  

 19.3507(3) 

 5.45900(10) 
 19.9061(3) 

 90  

 115.142(2) 

 90  
3  1903.57(6) 

Z  4  

calcg/cm3  1.449  
-1  1.003  

F(000)  856.0  

Crystal size/mm3  0.5 06 6  

Radiation   
5.336 to 158.398  

Index ranges  -24 24, -6 6, -25 25  

Reflections collected  37202  

Independent reflections  3961 [Rint = 0.0304, Rsigma = 0.0144]  

Data/restraints/parameters  3961/0/302  

Goodness-of-fit on F2  1.039  

 R1 = 0.0318, wR2 = 0.0810  
Final R indexes [all data]  R1 = 0.0343, wR2 = 0.0832  

-3  0.29/-0.20  
 

 

Table S2. Fractional Atomic Coordinates 4) and Equivalent Isotropic Displacement Parameters 2 3) for 1bb. 
Ueq is defined as 1/3 of the trace of the orthogonalised UIJ tensor. 

Atom x y z U(eq) 
O(21) 8554.2(4) 4238.6(15) 6811.6(5) 25.22(19) 
O(29) 4666.3(5) 9717.2(18) 8928.6(4) 31.4(2) 
F(7A) 1199(3) 1417(11) 5279(4) 48.4(11) 
F(8A) 1885.5(18) -1406(5) 5148.5(16) 39.0(7) 
F(9A) 1435(2) 1240(7) 4305.5(13) 47.5(8) 
F(9B) 1224(6) 2230(40) 4414(7) 90(5) 
F(8B) 1797(6) -1110(20) 4905(12) 96(4) 
F(7B) 1278(9) 1140(30) 5398(11) 63(3) 
N(10) 4240.8(5) 5174.4(16) 5835.1(5) 17.65(19) 
N(1) 3244.8(5) 4709.9(17) 6255.2(5) 20.0(2) 
N(11) 4385.1(5) 7618.0(17) 5900.6(5) 21.0(2) 
N(12) 5103.0(5) 7876.5(17) 6026.2(5) 20.6(2) 
N(2) 2556.3(5) 3645.3(18) 6054.7(5) 22.7(2) 
C(15) 6237.8(6) 5325.0(19) 6220.4(5) 17.5(2) 
C(14) 4869.5(6) 3880.5(19) 5917.4(5) 17.8(2) 
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C(13) 5422.5(6) 5621.4(19) 6043.6(5) 17.5(2) 
C(23) 3594.6(6) 6043(2) 6938.6(6) 20.5(2) 
C(18) 7803.2(6) 4731(2) 6631.5(6) 19.5(2) 
C(4) 3014.9(6) 2824(2) 5195.4(6) 20.5(2) 
C(20) 6510.5(6) 3244.5(19) 5998.0(6) 19.3(2) 
C(16) 6761.8(6) 7086.2(19) 6645.5(6) 19.3(2) 
C(5) 3527.1(6) 4255.2(19) 5746.5(6) 18.2(2) 
C(17) 7542.1(6) 6809(2) 6855.0(6) 20.1(2) 
C(19) 7284.5(6) 2957(2) 6199.4(6) 20.4(2) 
C(3) 2425.2(6) 2510(2) 5419.1(6) 21.4(2) 
C(24) 3198.2(6) 7893(2) 7094.1(6) 24.7(2) 
C(28) 4331.8(6) 5438(2) 7441.0(6) 25.3(2) 
C(27) 4673.7(6) 6724(2) 8099.1(6) 27.1(3) 
C(6) 1719.2(7) 1025(2) 5039.9(7) 28.7(3) 
C(26) 4276.8(6) 8585(2) 8264.5(6) 23.9(2) 
C(25) 3534.9(7) 9167(2) 7760.8(6) 26.6(2) 
C(22) 9099.6(6) 6028(2) 7248.6(7) 27.7(3) 
C(30) 4274.4(7) 11583(2) 9136.4(7) 30.3(3) 

 
 
Table S3. 2 3) for 1bb. The Anisotropic displacement factor exponent 
takes the form: - 2[h2a*2U11+2hka*b*U12 . 

Atom U11 U22 U33  U23 U13 U12 
O(21) 19.2(4) 23.6(4) 32.1(4)  -4.4(3) 10.2(3) -2.4(3) 
O(29) 26.2(4) 41.4(5) 24.2(4)  -11.7(4) 8.3(3) -0.2(4) 
F(7A) 26.1(10) 48.8(14) 77(2)  -30.2(15) 28.1(12) -12.3(10) 
F(8A) 36.1(9) 19.6(9) 53.1(12)  -0.9(11) 10.9(8) -9.1(6) 
F(9A) 40.1(13) 65.0(15) 22.6(7)  4.8(8) -1.0(7) -29.3(10) 
F(9B) 38(3) 133(9) 58(4)  49(5) -18(3) -37(4) 
F(8B) 46(4) 98(6) 156(9)  -103(5) 54(5) -33(4) 
F(7B) 60(7) 78(6) 74(5)  -27(4) 50(5) -46(5) 
N(10) 19.1(4) 13.8(4) 19.2(4)  -0.4(3) 7.3(3) -1.0(3) 
N(1) 18.1(4) 21.5(5) 19.5(4)  -0.5(4) 7.2(3) -0.4(4) 
N(11) 22.1(4) 14.5(4) 24.3(4)  -0.6(3) 7.9(4) -1.0(4) 
N(12) 21.8(4) 15.6(4) 22.8(4)  -0.3(3) 7.8(4) -0.7(4) 
N(2) 18.7(4) 25.1(5) 23.0(4)  1.1(4) 7.7(4) -1.2(4) 
C(15) 20.7(5) 16.1(5) 15.4(4)  1.9(4) 7.3(4) -1.4(4) 
C(14) 20.7(5) 14.6(5) 17.9(5)  -0.3(4) 8.0(4) 0.3(4) 
C(13) 21.8(5) 14.5(5) 15.4(5)  0.1(4) 7.3(4) -0.3(4) 
C(23) 21.3(5) 22.2(5) 18.4(5)  -0.5(4) 8.9(4) -0.4(4) 
C(18) 19.9(5) 20.0(5) 18.7(5)  2.5(4) 8.3(4) -1.2(4) 
C(4) 22.5(5) 18.5(5) 19.9(5)  -0.4(4) 8.4(4) -1.4(4) 
C(20) 23.2(5) 15.9(5) 18.6(5)  -1.6(4) 8.8(4) -4.1(4) 
C(16) 23.8(5) 15.3(5) 18.5(5)  -0.9(4) 8.7(4) -0.7(4) 
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C(5) 19.1(5) 15.4(5) 20.0(5)  1.7(4) 8.1(4) 0.7(4) 
C(17) 22.6(5) 17.3(5) 18.1(5)  -1.2(4) 6.5(4) -4.6(4) 
C(19) 25.3(5) 15.9(5) 22.2(5)  -1.4(4) 12.1(4) -0.5(4) 
C(3) 20.6(5) 20.8(5) 21.0(5)  1.9(4) 7.0(4) -0.7(4) 
C(24) 19.6(5) 29.6(6) 23.1(5)  -1.0(5) 7.4(4) 2.9(5) 
C(28) 24.7(5) 27.3(6) 22.9(5)  -0.6(4) 9.2(4) 6.8(5) 
C(27) 21.1(5) 35.2(7) 20.9(5)  -0.6(5) 5.2(4) 5.4(5) 
C(6) 26.0(6) 34.1(7) 24.6(6)  0.6(5) 9.5(5) -7.0(5) 
C(26) 23.6(5) 29.0(6) 20.1(5)  -3.5(4) 10.3(4) -3.0(5) 
C(25) 24.6(5) 29.1(6) 27.2(6)  -4.8(5) 12.2(5) 3.3(5) 
C(22) 19.7(5) 26.9(6) 33.1(6)  -1.7(5) 7.9(5) -5.2(5) 
C(30) 33.7(6) 31.6(6) 26.8(6)  -8.8(5) 13.9(5) -2.6(5) 

 
 
Table S4. Bond Lengths for 1bb. 

Atom Atom   Atom Atom  
O(21) C(18) 1.3673(13)  N(2) C(3) 1.3329(14) 
O(21) C(22) 1.4300(14)  C(15) C(13) 1.4722(14) 
O(29) C(26) 1.3604(13)  C(15) C(20) 1.4010(15) 
O(29) C(30) 1.4318(15)  C(15) C(16) 1.3926(15) 
F(7A) C(6) 1.301(5)  C(14) C(13) 1.3721(15) 
F(8A) C(6) 1.361(3)  C(23) C(24) 1.3804(16) 
F(9A) C(6) 1.331(3)  C(23) C(28) 1.3899(15) 
F(9B) C(6) 1.374(8)  C(18) C(17) 1.3899(15) 
F(8B) C(6) 1.220(10)  C(18) C(19) 1.3968(15) 
F(7B) C(6) 1.325(14)  C(4) C(5) 1.3682(15) 
N(10) N(11) 1.3578(13)  C(4) C(3) 1.4006(15) 
N(10) C(14) 1.3553(13)  C(20) C(19) 1.3851(15) 
N(10) C(5) 1.4082(13)  C(16) C(17) 1.3934(15) 
N(1) N(2) 1.3490(13)  C(3) C(6) 1.4891(16) 
N(1) C(23) 1.4338(14)  C(24) C(25) 1.3909(16) 
N(1) C(5) 1.3623(14)  C(28) C(27) 1.3819(16) 
N(11) N(12) 1.3104(13)  C(27) C(26) 1.3949(16) 
N(12) C(13) 1.3714(14)  C(26) C(25) 1.3942(16) 

 
 
Table S5. Bond Angles for 1bb. 

Atom Atom Atom   Atom Atom Atom  
C(18) O(21) C(22) 116.92(9)  N(1) C(5) N(10) 121.57(9) 
C(26) O(29) C(30) 117.46(9)  N(1) C(5) C(4) 108.50(9) 
N(11) N(10) C(5) 120.86(9)  C(4) C(5) N(10) 129.92(10) 
C(14) N(10) N(11) 111.28(8)  C(18) C(17) C(16) 119.20(10) 
C(14) N(10) C(5) 127.72(9)  C(20) C(19) C(18) 120.37(10) 
N(2) N(1) C(23) 120.55(8)  N(2) C(3) C(4) 113.12(10) 
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N(2) N(1) C(5) 111.04(9)  N(2) C(3) C(6) 119.87(10) 
C(5) N(1) C(23) 128.38(9)  C(4) C(3) C(6) 126.98(10) 
N(12) N(11) N(10) 106.40(8)  C(23) C(24) C(25) 120.00(10) 
N(11) N(12) C(13) 109.76(9)  C(27) C(28) C(23) 119.55(11) 
C(3) N(2) N(1) 104.30(9)  C(28) C(27) C(26) 120.25(10) 
C(20) C(15) C(13) 121.51(9)  F(7A) C(6) F(8A) 105.7(3) 
C(16) C(15) C(13) 119.94(9)  F(7A) C(6) F(9A) 111.4(4) 
C(16) C(15) C(20) 118.49(9)  F(7A) C(6) C(3) 114.2(3) 
N(10) C(14) C(13) 104.56(9)  F(8A) C(6) C(3) 110.26(16) 
N(12) C(13) C(15) 122.04(9)  F(9A) C(6) F(8A) 102.7(2) 
N(12) C(13) C(14) 108.00(9)  F(9A) C(6) C(3) 111.74(14) 
C(14) C(13) C(15) 129.85(10)  F(9B) C(6) C(3) 109.6(4) 
C(24) C(23) N(1) 120.04(9)  F(8B) C(6) F(9B) 111.2(5) 
C(24) C(23) C(28) 120.70(10)  F(8B) C(6) F(7B) 109.4(9) 
C(28) C(23) N(1) 119.26(10)  F(8B) C(6) C(3) 117.3(5) 
O(21) C(18) C(17) 124.53(10)  F(7B) C(6) F(9B) 96.0(9) 
O(21) C(18) C(19) 115.53(10)  F(7B) C(6) C(3) 111.3(7) 
C(17) C(18) C(19) 119.94(10)  O(29) C(26) C(27) 115.27(10) 
C(5) C(4) C(3) 103.04(9)  O(29) C(26) C(25) 124.86(10) 
C(19) C(20) C(15) 120.43(10)  C(25) C(26) C(27) 119.87(10) 
C(15) C(16) C(17) 121.58(10)  C(24) C(25) C(26) 119.62(11) 

 
 
Table S6. Torsion Angles for 1bb. 

A B C D   A B C D  
O(21) C(18) C(17) C(16) -178.95(10)  C(23) C(24) C(25) C(26) 0.85(18) 
O(21) C(18) C(19) C(20) 178.62(9)  C(23) C(28) C(27) C(26) 1.19(18) 
O(29) C(26) C(25) C(24) 179.35(11)  C(4) C(3) C(6) F(7A) -167.3(4) 
N(10) N(11) N(12) C(13) -0.10(11)  C(4) C(3) C(6) F(8A) 73.9(2) 
N(10) C(14) C(13) N(12) -0.45(11)  C(4) C(3) C(6) F(9A) -39.7(3) 
N(10) C(14) C(13) C(15) 175.69(10)  C(4) C(3) C(6) F(9B) -74.6(12) 
N(1) N(2) C(3) C(4) -0.38(12)  C(4) C(3) C(6) F(8B) 53.3(12) 
N(1) N(2) C(3) C(6) 177.55(10)  C(4) C(3) C(6) F(7B) -179.6(9) 
N(1) C(23) C(24) C(25) 179.29(10)  C(20) C(15) C(13) N(12) -157.72(10) 
N(1) C(23) C(28) C(27) 179.69(10)  C(20) C(15) C(13) C(14) 26.61(16) 
N(11) N(10) C(14) C(13) 0.41(11)  C(20) C(15) C(16) C(17) -0.48(15) 
N(11) N(10) C(5) N(1) -57.98(14)  C(16) C(15) C(13) N(12) 25.10(15) 
N(11) N(10) C(5) C(4) 122.95(12)  C(16) C(15) C(13) C(14) -150.57(11) 
N(11) N(12) C(13) C(15) -176.15(9)  C(16) C(15) C(20) C(19) 0.09(15) 
N(11) N(12) C(13) C(14) 0.36(12)  C(5) N(10) N(11) N(12) 175.70(8) 
N(2) N(1) C(23) C(24) -53.27(15)  C(5) N(10) C(14) C(13) -175.14(9) 
N(2) N(1) C(23) C(28) 126.30(11)  C(5) N(1) N(2) C(3) 0.62(12) 
N(2) N(1) C(5) N(10) -179.90(9)  C(5) N(1) C(23) C(24) 128.85(12) 
N(2) N(1) C(5) C(4) -0.65(12)  C(5) N(1) C(23) C(28) -51.59(16) 
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N(2) C(3) C(6) F(7A) 15.0(4)  C(5) C(4) C(3) N(2) 0.00(13) 
N(2) C(3) C(6) F(8A) -103.74(18)  C(5) C(4) C(3) C(6) -177.75(11) 
N(2) C(3) C(6) F(9A) 142.7(3)  C(17) C(18) C(19) C(20) -0.67(16) 
N(2) C(3) C(6) F(9B) 107.7(12)  C(19) C(18) C(17) C(16) 0.28(15) 
N(2) C(3) C(6) F(8B) -124.3(12)  C(3) C(4) C(5) N(10) 179.54(11) 
N(2) C(3) C(6) F(7B) 2.8(9)  C(3) C(4) C(5) N(1) 0.38(12) 
C(15) C(20) C(19) C(18) 0.49(16)  C(24) C(23) C(28) C(27) -0.75(18) 
C(15) C(16) C(17) C(18) 0.30(16)  C(28) C(23) C(24) C(25) -0.27(18) 
C(14) N(10) N(11) N(12) -0.20(11)  C(28) C(27) C(26) O(29) 179.60(11) 
C(14) N(10) C(5) N(1) 117.18(12)  C(28) C(27) C(26) C(25) -0.61(18) 
C(14) N(10) C(5) C(4) -61.89(16)  C(27) C(26) C(25) C(24) -0.41(18) 
C(13) C(15) C(20) C(19) -177.13(9)  C(22) O(21) C(18) C(17) -1.24(15) 
C(13) C(15) C(16) C(17) 176.77(9)  C(22) O(21) C(18) C(19) 179.50(10) 
C(23) N(1) N(2) C(3) -177.60(9)  C(30) O(29) C(26) C(27) -177.84(11) 
C(23) N(1) C(5) N(10) -1.85(17)  C(30) O(29) C(26) C(25) 2.39(17) 
C(23) N(1) C(5) C(4) 177.39(10)           

 
 
Table S7. 4 2 3) for 1bb. 

Atom x y z U(eq) 
H(14) 4916.87 2154.31 5893.12 21 
H(4) 3050.55 2197.18 4766.08 25 
H(20) 6162.21 2022.79 5707.27 23 
H(16) 6583 8510.49 6796.17 23 
H(17) 7891.39 8026.35 7147.1 24 
H(19) 7463.57 1546.24 6042.68 25 
H(24) 2695.41 8295.49 6745.72 30 
H(28) 4598.79 4150.2 7332.82 30 
H(27) 5180.96 6338.36 8440.13 32 
H(25) 3260.98 10425.58 7872.22 32 
H(22A) 9613.63 5488.89 7335 42 
H(22B) 9071.18 6224.15 7725.61 42 
H(22C) 8987.67 7597.74 6984.7 42 
H(30A) 4134.91 12922.73 8775.02 45 
H(30B) 4608.56 12210.43 9629.76 45 
H(30C) 3811.55 10892.08 9146.67 45 
 
 
Table S8. Atomic Occupancy for 1bb. 

Atom Occupancy   Atom Occupancy   Atom Occupancy 
F(7A) 0.699(15)   F(8A) 0.699(15)   F(9A) 0.699(15) 
F(9B) 0.301(15)   F(8B) 0.301(15)   F(7B) 0.301(15) 
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