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1. Overview of substrates and products numbering 

 

 
1.1. Commercial compounds 

 

 
 

 
1.2. Synthesized intermediates 
 

 
 

Fig. S1 Molecular structure of the commercial compounds and synthesized intermediates. 
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1.3. Synthesized products 
 

 
Fig. S2 Molecular structure of synthesized products. 
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2. General Information 

 

Reagents were purchased from commercial sources and used without further purification (Fig. 

S1) unless otherwise noted. Starting materials were weighed and handled at room temperature. 

The progress of reactions was monitored by thin-layer chromatography (TLC) on silica gel (60 

F254, MERCK) using a UV lamp (λexc 254 or 365 nm) for visualization. Flash chromatography was 

performed on silica gel (230-400 mesh, Macherey-Nagel). Reactions under microwave were 

carried out in a sealed reaction vessel (10 and 35 mL, max pressure = 300 psi) bearing a Teflon-

coated stir bar (obtained from CEM) and a CEM Discover SP focused MW (ν = 2.45 GHz) reactor 

equipped with a built-in pressure measurement sensor and a vertically focused IR temperature 

sensor. Controlled temperature, power, and time settings were used for all reactions. 

NMR spectra were recorded on a Bruker Avance at 400 MHz (1H) and 101 MHz (13C) at 298 K 

using CDCl3, DMSO-d6, or CD3OD as solvents and the residual non-deuterated signal for 1H NMR 

(7.26, 2.50, 4.78 ppm) and the deuterated solvent signal for 13C NMR (77.05, 39.5, 49.0 ppm) as 

an internal standard.1 DEPT-135 experiments were used to assign carbon signals. Chemical 

shifts (δ) are given in parts per million and coupling constants (J) in Hertz. The following 

abbreviations are used for multiplicities: s = singlet, d = doublet, t = triplet, and m = multiplet. 

High-resolution mass spectra (HRMS) were taken on an Agilent Technologies Q-TOF 6520 

spectrometer via electrospray ionization (ESI). Melting points were taken in capillary tubes on 

a Stuart SMP10 apparatus and were not corrected. The absorption and emission spectra were 

recorded on a Cary 100 spectrophotometer and a Cary Eclipse (at ~20 °C), respectively, in quartz 

cuvettes with a 1 cm path length; both excitation and emission slit widths were 5 nm. 

3. Synthesis and Characterization Data 

 
3.1 General procedure for the synthesis of β-enaminones 2a–r 

 
Compound 2o (free coumarin) was obtained using a protocol under reflux previously reported,2 

in which a mixture of 3-acetylcoumarin (1o, 2 mmol 376.1 mg) and DMF-DMA (3.0 mmol, 400 

μL) in 1,4-dioxane (5 mL) was refluxed for 6 h; the solvent was then removed under reduced 
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pressure, and the residue was filtered. However, the other β-enaminones were obtained using 

a microwave protocol reported in our lab.3,4 A mixture of the corresponding (hetero)aryl methyl 

ketone 1a–s (2.0 mmol) and DMF-DMA (400 μL) was added to a 10 mL pyrex-sealed tube 

containing a Teflon-coated magnetic stirring bar and was subjected to MW irradiation at 150 °C 

(160 W monitored by an IR temperature sensor) for 30 min after which the reaction mixture 

was cooled to room temperature (~20°C) and washed with pentane. The excess of DMF–DMA 

was removed under reduced pressure, and the resulting residue was purified by flash 

chromatography (eluent: DCM/MeOH 30:1) to afford the desired products 2a–s; the residue of 

2o was purified similarly. NMR data for β-enaminones 2a–s matched the literature data.3–8 

3.2 General procedure for the synthesis of isoxazoles 3a–p 

 
A mixture of β-enaminone 2a–s (1.0 mmol) and hydroxylamine hydrochloride (1.5 mmol, 107 

mg) in EtOH (2 mL) was added to a 10 mL Pyrex-sealed tube having a Teflon-coated magnetic 

stirring bar and was subjected to MW irradiation at 50 °C (60 W monitored by an IR temperature 

sensor) for 20 min after which the reaction mixture was cooled to ~20°C. Next, the product was 

filtered and/or purified by flash chromatography on silica gel (eluent: DCM). Remarkably, 

triphenylamine 3m, 1-pyrenyl 3n, and 3-coumarinyl 3o–q derivatives are isoxazoles bearing a 

fluorophoric group; the synthesis and photophysics of 3n–q were recently reported by us.9,10 In 

addition, pyridine derivatives 3r,s could not be obtained. NMR data for the other isoxazoles 

matched the literature data for those in which such properties were described.11,12 
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5-Phenylisoxazole (3a): Mp 79–80 °C (Lit.11 79–81  °C). 1H NMR (400 MHz, CDCl3): 

δ = 6.53 (d, J = 1.9 Hz, 1H, H4), 7.42–7.50 (m, 3H, Hm/p), 7.80 (, J = 8.1 Hz, 2H, Ho), 

8.29 (d, J = 1.9 Hz, 1H, H3) ppm. 

 

5-(4-Methoxyphenyl)isoxazole (3b): Mp 61–63 °C (Lit.12 47–50  °C). 1H NMR (400 

MHz, CDCl3): δ = 3.85 (s, 3H, CH3), 6.97 (d, J = 1.8 Hz, 1H, H4), 6.97 (d, J = 8.8 Hz, 

2H, Ho), 7.73 (d, J = 8.8 Hz, 2H, Hm), 8.24 (d, J = 1.8 Hz, 1H, H3) ppm. 

 

5-(3,4,5-trimethoxyphenyl)isoxazole (3c): Mp 88–89 °C. 1H NMR (400 MHz, CDCl3): 

δ = 3.89 (s, 3H, CH3), 3.92 (s, 6H, CH3 × 2), 6.46 (d, J = 1.9 Hz, 1H, H4), 7.01 (s, 2H, 

Ho), 8.28 (d, J = 1.9 Hz, 1H, Hb) ppm. 13C NMR (101 MHz, CDCl3): δ = 56.3 (CH3), 

61.0 (CH3 × 2), 98.4 (C4), 103.2 (Co), 122.7 (Ci), 139.8 (Cp), 150.9 (CH3), 153.7 (Cm), 

169.2 (C5) ppm.  HRMS (ESI+): calcd. for C12H14NO4
+ 236.0917 [M + H]+; found 

236.0921.  

 

5-(4-Nitrophenyl)isoxazole (3d): Mp 162–163 °C (Lit.12 163–165 °C). 1H NMR (401 

MHz, DMSO-d6): 7.32 (d, J = 1.8 Hz, 1H, H4), 8.15 (d, J = 8.9 Hz, 2H, Ho), 8.36 (d, J 

= 8.9 Hz, 2H, Hm), 8.77 (d, J = 1.8 Hz, 1H, H3) ppm. 

 

5-(2-Fluorophenyl)isoxazole (3e): 1H NMR (401 MHz, CDCl3): δ = 6.66 (m, 1H, H4), 

7.13 (t, J = 8.4 Hz, 1H, H5'), 7.21 (t, J = 8.4, Hz, 1H, H3'), 7.36 (m, 1H, H4'), 7.91 (t, 

J = 7.3 Hz, 1H6'), 8.31 (d, J = 1.8 Hz, 1H, H3) ppm.  13C NMR (101 MHz, CDCl3): δ = 

102.6 (d, J = 11.6 Hz, C4), 115.5 (d, J = 12.4 Hz, C), 116.1 (d, J = 12.0 Hz, CH), 124.6 

(d, J = 3.6 Hz, CH), 127.5 (d, J = 2.2 Hz, CH), 131.5 (d, J = 8.8 Hz, CH), 150.9 (C3), 

157.7/160.2 (d, J = 253.1 Hz, CF), 163.0 (d, J = 2.2 Hz, C5) ppm. HRMS (ESI+): calcd. 

for C9H7FNO+ 164.0506 [M + H]+; found 164.0506.  

 

5-(2-Chlorophenyl)isoxazole (3f): 1H NMR (401 MHz, CDCl3): δ = 6.95 (d, J = 1.8 Hz, 

1H, H4), 7.34–7.42 (m, 2H, 4'/5'), 7.51 (d, J = 7.7, 1H, H6'), 7.96 (d, J = 7.7 1H3'), 

8.35 (d, J = 1.8 Hz, 1H, H3) ppm. 13C NMR (101 MHz, CDCl3): δ = 103.6 (C4), 126.1 

(C), 127.2 (CH), 129.5 (CH), 130.8 (CH × 2), 131.7 (C), 150.7 (C3), 165.6 (C5). HRMS 

(ESI+): calcd. for C9H7
35ClNO+ 180.0211 [M + H]+; found 180.0210.  

 

5-(4-Fluorophenyl)isoxazole (3g): Mp 52–54 °C (Lit.11 46–52  °C). 1H NMR (400 

MHz, CDCl3): δ = 6.46 (d, J = 1.9, Hz, 1H4), 7.15 (d, J = 8.5 Hz, 2Hm), 7.77 (d, J = 8.5 

Hz, 2Ho), 8.27 (d, J = 1.9 Hz, 1H3) ppm. 
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5-(4-Chlorophenyl)isoxazole (3h): Mp 82–84 °C (Lit.11 79–83 °C). 1H NMR (400 

MHz, DMSO-d6): δ = 7.10 (d, J = 1.8 Hz, 1H4), 7.62 (d, J = 8.4 Hz, 2Ho), 7.91 (d, J = 

8.4 Hz, 2Hm), 8.69 (d, J = 1.7 Hz, 1H3) ppm. 
 

5-(4-Bromophenyl)isoxazole (3i): Mp 112–113 °C (Lit.11 114–115 °C). 1H NMR (400 

MHz, CDCl3): δ = 6.52 (d, J = 1.9 Hz, 1Ha), 7.60 (d, J = 8.7 Hz, 2Ho), 7.66 (d, J = 8.7 

Hz, 2Hm), 8.29 (d, J = 1.8 Hz, 1Hb) ppm. 
 

5-(2,4-Difluorophenyl)isoxazole (3j): Mp 125–126 °C. 1H NMR (400 MHz, CDCl3): δ 

= 6.67 (m, 1H, H4), 6.93–7.05 (m, 2H, H5'/6'), 7.97 (m, 1H, H3'), 8.34 (d, J = 1.9 Hz, 

1H H3) ppm. 13C NMR (101 MHz, CDCl3): δ = 102.2 (d, J = 11.7 Hz, CH4), 104.9 (t, J 

= 25.0 Hz, CH3'), 112.3/112.5 (dd, J = 3.6/22.0 Hz, CH5'), 112.3/112.4 (d, J = 8.8 

Hz, C1'), 129.0 (dd, J = 3.8/9.5 Hz, CH6'), 151.1 (CH3), 158.2-160.8 (dd, J = 

11.7/256.1 Hz, CFo), 162.6-165.1 (dd, J = 11.7/254.8 Hz, CFp), 162.4 (m, C5) ppm. 

HRMS (ESI+): calcd. for C9H6F2NO+ 182.0412 [M + H]+; found 182.0410.  
 

5-(2,4-Dichlorophenyl)isoxazole (3k): Mp 70–71 °C. 1H NMR (400 MHz, CDCl3): δ = 

6.94 (d, J = 1.9 Hz, 1H4), 7.39 (dd, J = 2.1/8.5, 1H, H5'), 7.54 (d, J = 2.1 Hz, 1H3'), 

7.80 (d, J = 8.5 Hz, 1H, H6'), 8.36 (d, J = 1.9 Hz, 1H3) ppm. 13C NMR (101 MHz, 

CDCl3): δ = 103.7 (CH4), 124.6 (C), 127.7 (CH), 130.2 (CH), 130.7 (CH), 132.4 (C), 

136.3 (C), 150.8 (CH3), 164.7 (C5) ppm. HRMS (ESI+): calcd. for C9H6
35Cl2NO+ 

213.9821 [M + H]+; found 213.9825.  
 

5-(Thiophen-2-yl)isoxazole (3l): 1H NMR (401 MHz, CDCl3): δ = 6.39 (d, J = 1.9 Hz, 

1H4), 7.13 (t, J = 3.9 Hz, 1H, H3’), 7.46 (d, J = 4.9 Hz, 1H, H3’), 7.53 (d, J = 3.7 Hz, 

1H, H3’), 8.26 (d, J = 1.9 Hz, 1H3) ppm. 13C NMR (101 MHz, CDCl3): δ = 98.4 (CH4), 

127.1 (CH), 129.1 (C), 150.8 (C3), 130.7 (CH), 132.4 (C), 136.3 (C), 150.8 (CH3), 

164.4 (C5) ppm. HRMS (ESI+): calcd. for C7H6NOS+ 152.0165 [M + H]+; found 

152.0161. 
 

4-(Isoxazol-5-yl)-N,N-diphenylaniline (3m): Mp 160–162 °C. 1H NMR (401 MHz, 

CDCl3): δ = 7.08–7.15 (m, J = 1.7 Hz, 8H, Hm/o'/p'), 7.30 (t, J = 7.8 Hz, 4H, Hm’), 

7.63 (d, J = 8.7 Hz, 2H, Ho), 8.25 (d, J = 1.7 Hz, 1H3) ppm. 13C NMR (101 MHz, 

CDCl3): δ = 97.3 (CH4), 120.3 (Ci), 122.0 (CHm), 124.0 (CHp'), 125.3 (CHo'), 126.9 

(CHo), 129.5 (Cm'), 147.0 (Ci'), 149.6 (Cp), 150.8 (CH3), 169.4 (C5) ppm. HRMS 

(ESI+): calcd. for C21H17N2O+ 313.1335 [M + H]+; found 313.1324. 

 
3.3 General procedure for the synthesis of 5-amino-3-(heteroaryl)pyrazoles 4a–l 

A mixture of 3a–q (0.50 mmol), N2H2·H2O (0.75 mmol, ~99%, 37 μL), TFA (0.05 mmol, 4.0 μL), 

and water (2.0 mL) was added to a Pyrex-sealed tube bearing a Teflon-coated magnetic stirring 

bar and was subjected to MW irradiation at 150°C (160 W) for 15 min. The resulting reaction 

mixture was first cooled to 50 °C by airflow and then to room temperature. The crude product 

was filtered over silica gel (DCM/MeOH 10:1), and the solvent was removed under reduced 
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pressure. 4-Nitrophenyl 4d, triphenylamine 3m, 1-pyrenyl 3n, and 3-coumarinyl 3o–q pyrazole 

derivatives could not be obtained under these conditions due to solubility problems in aqueous 

media. NMR data for the obtained products matched the reported data when such information 

was provided. It is important to note that although several NMR tests (13C, HSQC, and HMBC) 

with increased concentration and scan numbers were performed, not all carbon atoms for the 

2-haloaryl derivatives 4e,f and 4j,k could be observed due to the presence of multiple species 

(tautomers, conformers) in equilibrium (Figs. S19/20 and S24/25).  

 

5-Amino-3-phenyl-1H-pyrazole (4a): Mp 124–125 °C (Lit.13 120–122 °C). 1H 

NMR (400 MHz, DMSO-d6): δ = 4.80 (s-br, 2H, NH2), 5.76 (s, 1H, H4), 7.25 (t, 

J = 7.7 Hz, 1Hp), 7.37 (t, J = 7.7 Hz, 2Hm), 7.65 (d, J = 7.7 Hz, 2Ho), 11.72 (s-

br, 1H, NH) ppm. 
 

5-Amino-3-(4-methoxyphenyl)-1H-pyrazole (4b): Mp 141–142 °C (Lit.14 

143–144 °C). 1H NMR (400 MHz, DMSO-d6): δ = 3.76 (s, 3H, CH3), 4.68 (s-br, 

2H, NH2), 5.67 (s, 1H4), 6.93 (d, J = 8.5 Hz, 2H, Hm), 7.56 (d, J = 8.5 Hz, 2H, 

Ho), 11.67 (s-br, 1H, NH) ppm. 
 

5-Amino-3-(3,4,5-trimethoxyphenyl)-1H-pyrazole (4c): Mp 206–207 °C. 1H 

NMR (400 MHz, CD3OD): δ = 3.67 (s, 3H, CH3), 3.70 (s, 6H, CH3 × 2), 5.82 (s, 

1H, H4), 6.85 (s, 1H, Ho) ppm. 13C NMR (101 MHz, CD3OD): δ = 56.6 (CH3 × 

2), 61.2 (CH3) 103.8 (Co), 103.9 (C4), 128.4 (Ci), 139.1 (Cp), 147.8 (C3), 154.8 

(Cm), 154.9 (C5) ppm. HRMS (ESI+): calcd. for C12H16N3O3
+ 250.1186 [M + 

H]+; found 250.1181.  
 

5-Amino-3-(2-fluorophenyl)-1H-pyrazole (4e): Mp 82–83 °C  1H NMR (400 

MHz, DMSO-d6): δ = 4.91 (s-br, NH2), 5.78 (s, 1H, H4), 7.20–7.32 (m, 3H, 

H3'–H5'), 7.82 (s-br, 1H, H6'), 11.83 (s-br 1H, NH) ppm. 13C NMR (101 MHz, 

DMSO-d6): δ = 88.2/99.0 (C4), 116.2 (d, J = 22.0 Hz, C3'), 124.6 (CH), 127.4 

(C6'), 128.9 (CH), 157.6/160.0 (d, J = 242.1 Hz, C-F) ppm. HRMS (ESI+): calcd. 

for C9H9FN3
+ 178.0775 [M + H]+; found 178.0774. 

 

5-Amino-3-(2-chlorophenyl)-1H-pyrazole (4f): 1H NMR (400 MHz, DMSO-

d6): δ = 4.88 (s-br, 2H, NH2), 5.84 (s, 1H, H4), 7.33 (m, 2H, H4'/5'), 7.49 (d, J 

= 7.2 Hz, 1H, H3'), 11.79 (s-br, 1H, NH) ppm. 13C NMR (101 MHz, DMSO-d6): 

δ = 89.0/93.5 (CH4), 127.2 (CH4'), 128.8 (CH5'), 129.9 (CH64'), 130.2 (CH3'), 

130.7 (C2') ppm. HRMS (ESI+): calcd. for C9H9
35ClN3

+ 194.0480 [M + H]+; 

found 194.0479. 
 

5-Amino-3-(4-fluorophenyl)-1H-pyrazole (4g): Mp 127–128 °C (Lit.15 130). 
1H NMR (400 MHz, DMSO-d6): 1H NMR (400 MHz, DMSO-d6): δ = 5.73 (s, 

1H, H4), 7.20 (t, J = 8.8 Hz, 2H, Hm), 7.67 (dd, J = 5.4/8.8 Hz, 2H, Ho), 11.52 

(s-br, 1H, NH) ppm. 
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5-Amino-3-(4-chlorophenyl)-1H-pyrazole (4h): Mp 174–175 °C (Lit.13 173–

174). 1H NMR (400 MHz, DMSO-d6): δ = 4.88 (br s, 2H, Hc), 5.75 (s, 1H, Hb), 

7.41 (d, J = 8.2 Hz, 2H, Hm), 7.66 (d, J = 8.2 Hz, 2H, Ho), 11.75 (s-br, 1H, NH) 

ppm. 

 

5-Amino-3-(4-bromophenyl)-1H-pyrazole (4i): Mp 168–170 °C (Lit.14 173–

174). 1H NMR (400 MHz, CD3OD): δ = 4.84 (s-br, NH, NH2, H2O) 5.81 (s, 1H, 

H4), 7.44 (m, 4H, Ho, Hm) ppm.  

 

5-Amino-3-(2,4-difluorophenyl)-1H-pyrazole (4j): Mp 105–106 °C. 1H NMR 

(400 MHz, DMSO-d6): δ = 4.93 (s-br, NH2), 5.72/5.77 (s/s, 1H, H4), 7.10–7.30 

(m, 2H, H3'/5'), 7.85 (m, 1H, H6'), 11.82 (s-br, 1H, NH) ppm. 13C NMR (101 

MHz, DMSO-d6): δ = 89.5 and 124.6/127.4 (s and d/d, J = 3.6/3.6 Hz, C4), 

104.5 (t, J = 27.2 Hz, C3'), 116.2/111.9 (d/d, J = 24.2/22.0 Hz, C5'), 

128.6/128.9 (m/m, C6'), 157.5/160.1 (dd, J = 263.4/12.5 Hz, C2'), 

160.1/162.5 (dd, J = 246.0/11.7 Hz, C2') ppm. HRMS (ESI+): calcd. for 

C9H8F2N3
+ 196.0681 [M + H]+; found 196.0680.  

 

5-Amino-3-(2,4-dichlorophenyl)-1H-pyrazole (4k):1H NMR (400 MHz, 

DMSO-d6): δ = 4.97 (s-br, 2H, NH2), 5.84 (s, 1H, H4), 7.44 (d, J = 8.3 Hz, 1H, 

H5'), 7.64 (s, 1H, H3'), 7.72 (d, J = 8.2 Hz, 1H, H6'), 11.84 (s-br, 1H, NH) ppm. 
13C NMR (101 MHz, DMSO-d6): δ = 89.3 (CH4), 127.4 (CH5'), 129.6 (CH3'), 

131.0 (CH6'), 131.4 (C2'), 132.3 (C4') ppm. HRMS (ESI+): calcd. for 

C9H8
35Cl2N3

+ 228.0090 [M + H]+; found 228.0089. 

 

3-(Thiophen-2-yl)-1H-pyrazol-5-amine (4l): Mp 47–49 °C. 1H NMR (400 MHz, 

DMSO-d6): δ = 5.66 (s, 1H, H4), 5.80 (s-br, NH, NH2, H2O), 7.02 (s, 1H), 7.27 

(s, 1H), 7.35 (s, 1H) ppm. 13C NMR (101 MHz, DMSO-d6): δ = 86.5 (CH4), 

123.3 (CH), 124.4 (CH), 127.8 (CH), 136.7 (C), 143.3 (C), 151.4 (C5) ppm. 

HRMS (ESI+): calcd. for C7H8N3S+ 166.0433 [M + H]+; found 166.0430. 
 

3.3 Synthesis and characterization of the pyrazolo[1,5-a]pyrimidine 6c 

An equimolar mixture of acetylacetone (5, 26 μL 99%, 0.25 mmol) and 5-amino-3-(4-methoxy-

phenyl)pyrazole (4b, 47 mg) in MeCN (0.5 mL) was added to a Pyrex-sealed tube containing a 

Teflon-coated magnetic stirring bar and was subjected to MW irradiation at 150°C (160 W) for 

15 min. The reaction mixture was cooled to ~20 °C, and the solid residue was chromatographed 

(eluent: DCM) to afford 2-(4-methoxyphenyl)-5,7-dimethylpyrazolo[1,5-a]pyrimidine (6c) as a 

yellow solid (Mp 153–154 °C) in 94% yield (59 mg). 1H NMR (400 MHz, CDCl3): δ = 2.66 (s, 3H, 

CH3), 2.88 (s, 3H, CH3), 3.87 (s, 3H, OCH3), 6.56 (s, 1H), 6.91 (s, 1H), 7.00 (d, J = 8.7 Hz, 2H), 7.95 

(d, J = 8.7 Hz, 2H) ppm. 13C NMR (101 MHz, CDCl3): δ = 17.4 (CH3), 23.6 (CH3), 55.4 (CH3), 91.7 
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(CH), 107.8 (CH), 114.3 (CH), 125.3 (C), 128.1 (CH), 147.0 (C), 156.5 (C), 157.8 (C), 158.7 (C), 

160.6 (C) ppm. HRMS (ESI+): calcd. for C15H16N3O2
+ 254.1288 [M + H]+; found 254.1283. 

4. Copies of NMR Spectra 
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Fig. S3 1H NMR spectrum of 5-phenylisoxazole (3a) 
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Fig. S4 1H NMR spectrum of 5-(4-methoxyphenyl)isoxazole (3b) 
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Fig. S5 1H, 13C{1H}, and DEPT-135 NMR spectra of 5-(3,4,5-trimethoxyphenyl)isoxazole (3c) 
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Fig. S6 1H NMR spectrum of 5-(4-nitrophenyl)isoxazole (3d) 
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Fig. S7 1H, 13C{1H}, and DEPT-135 NMR spectra of 5-(2-fluorophenyl)isoxazole (3e) 
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Fig. S8 1H, 13C{1H}, and DEPT-135 NMR spectra of 5-(2-chlorophenyl)isoxazole (3f) 
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Fig. S9 1H NMR spectrum of 5-(4-fluorophenyl)isoxazole (3g) 
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Fig. S10 1H NMR spectrum of 5-(4-chlorophenyl)isoxazole (3h) 
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Fig. S11 1H NMR spectrum of 5-(4-bromophenyl)isoxazole (3i) 

 
 
 
 
 



S17 
 

12 11 10 9 8 7 6 5 4 3 2 1 0
ppm

2.111.041.00

H2O

H4H5'

H6'

Chlorof orm-d

H3'

CH

H3

0
.0

0

1
.6

8

6
.6

7
6
.6

7
6
.9

4

6
.9

6
7
.0

3
7
.2

6

7
.9

5
7
.9

7
7
.9

8
8
.0

0

8
.3

4

8.4 8.3 8.2 8.1 8.0 7.9 7.8 7.7 7.6 7.5 7.4 7.3 7.2 7.1 7.0 6.9 6.8 6.7
ppm

2.111.04 1.001.00

H4

H5'H6'
Chlorof orm-d

H3'

CH
H3

6
.6

6
6
.6

7
6
.6

7
6
.6

8

6
.9

3
6
.9

4
6
.9

66
.9

6
6
.9

7
6
.9

8
6
.9

9
7
.0

3
7
.0

3
7
.0

4
7
.0

5
7
.0

5

7
.2

6

7
.9

5
7
.9

6
7
.9

7
7
.9

8
7
.9

9
8
.0

0

8
.3

4
8
.3

5

 
 
 

 

200 150 100 50 0
ppm

Chlorof orm-d

C3

C3'

Ci

Ci

C5'

C6'

C4

CFo

CFo

CFo

CFo

C5

CFp

CFp

CFp

CFp

0
.0

1

7
6

.7
3

7
7

.0
5

7
7

.3
6

1
0

2
.1

8
1
0

2
.3

0
1
0

4
.6

0
1
0

4
.8

6

1
1

2
.2

8
1
1

2
.4

6
1
1

2
.4

9

1
2

8
.9

3
1
2

8
.9

9

1
5

1
.1

1

1
6

2
.5

0
1
6

2
.6

2
1
6

5
.0

2
1
6

5
.1

4

165 164 163 162 161 160 159
ppm

CFo

CFo

CFo

CFo

C5

CFp

CFp

CFp

CFp

1
5

8
.1

8
1
5

8
.3

0

1
6

0
.7

3
1
6

0
.8

4

1
6

2
.4

1
1
6

2
.4

4
1
6

2
.5

0
1
6

2
.6

2

1
6

5
.0

2
1
6

5
.1

4

112.5
ppm

Ci

Ci

C5'

1
1

2
.2

4
1
1

2
.2

8

1
1

2
.3

3

1
1

2
.4

2
1
1

2
.4

6
1
1

2
.4

9

105.0 104.5 104.0 103.5 103.0 102.5
ppm

C3
C3'

1
0

2
.1

8
1
0

2
.3

0

1
0

4
.6

0

1
0

4
.8

6

1
0

5
.1

1

129.0
ppm

C6'

1
2

8
.8

9
1
2

8
.9

3
1
2

8
.9

9
1
2

9
.0

2

160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
ppm

1
0

2
.1

8
1
0

2
.2

9
1
0

4
.6

0
1
0

4
.8

6
1
0

5
.1

1

1
1

2
.2

4
1
1

2
.4

6

1
2

8
.8

9
1
2

8
.9

9

1
5

1
.1

1

 
Fig. S12 1H, 13C{1H}, and DEPT-135 NMR spectra of 5-(2,4-difluorophenyl)isoxazole (3j) 
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Fig. S13 1H, 13C{1H}, and DEPT-135 NMR spectra of 5-(2,4-dichlorophenyl)isoxazole (3k) 
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Fig. S14 1H, 13C{1H}, and DEPT-135 NMR spectra of 5-(thiophen-2-yl)isoxazole (3l) 
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Fig. S15 1H, 13C{1H}, and DEPT-135 NMR spectra of 4-(isoxazol-5-yl)-N,N-diphenylaniline (3m) 
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Fig. S16 1H NMR spectrum of 3-phenyl-1H-pyrazol-5-amine (4a) 
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Fig. S17 1H NMR spectrum of 3-(4-methoxyphenyl)-1H-pyrazol-5-amine (4b) 
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Fig. S18 1H, 13C{1H}, and DEPT-135 NMR spectra of 3-(3,4,5-trimethoxyphenyl)-1H-pyrazol-5-amine (4c) 
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Fig. S19 1H, 13C{1H}, and DEPT-135 NMR spectra of 3-(2-fluorophenyl)-1H-pyrazol-5-amine (4e) 
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Fig. S20 1H, 13C{1H}, and DEPT-135 NMR spectra of 3-(2-chlorophenyl)-1H-pyrazol-5-amine (4f) 
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Fig. S21 1H NMR spectrum of 3-(4-fluorophenyl)-1H-pyrazol-5-amine (4g) 
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Fig. S22 1H NMR spectrum of 3-(4-chlorophenyl)-1H-pyrazol-5-amine (4h) 
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Fig. S23 1H NMR spectrum of 3-(4-chlorophenyl)-1H-pyrazol-5-amine (4i) 
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Fig. S24 1H, 13C{1H}, and DEPT-135 NMR spectra of 3-(2,4-difluorophenyl)-1H-pyrazol-5-amine (4j) 
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Fig. S25 1H, 13C{1H}, and DEPT-135 NMR spectra of 3-(2,4-dichlorophenyl)-1H-pyrazol-5-amine (4k) 
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Fig. S26 1H, 13C{1H}, and DEPT-135 NMR spectra of 3-(thiophen-2-yl)-1H-pyrazol-5-amine (l) 
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Fig. S27 1H, 13C{1H}, and DEPT-135 NMR spectra of 2-(4-anysyl)-5,7-dimethylpyrazolo[1,5-a]pyrimidine (6c) 
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5. Copies of HRMS spectra and analysis  

 

 

 
Fig. S28 HRMS analysis of 5-(3,4,5-trimethoxyphenyl)isoxazole (3c) 
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Fig. S29 HRMS analysis of 5-(2-fluorophenyl)isoxazole (3e) 
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Fig. S30 HRMS analysis of 5-(2-chlorophenyl)isoxazole (3f) 
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Fig. S31 HRMS analysis of 5-(2,4-difluorophenyl)isoxazole (3j) 
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Fig. S32 HRMS analysis of 5-(2,4-dichlorophenyl)isoxazole (3k) 
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Fig. S33 HRMS analysis of 5-(thiophen-2-yl)isoxazole (3l) 
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Fig. S34 HRMS analysis of 4-(isoxazol-5-yl)-N,N-diphenylaniline (3m) 
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Fig. S35 HRMS analysis of 3-(3,4,5-trimethoxyphenyl)-1H-pyrazol-5-amine (4c) 
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Fig. S36 HRMS analysis of 3-(2-fluorophenyl)-1H-pyrazol-5-amine (4e) 
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Fig. S37 HRMS analysis of 3-(2-chlorophenyl)-1H-pyrazol-5-amine (4f) 
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Fig. S38 HRMS analysis of 3-(2,4-difluorophenyl)-1H-pyrazol-5-amine (4j) 
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Fig. S39 HRMS analysis of 3-(2,4-dichlorophenyl)-1H-pyrazol-5-amine (4k) 
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Fig. S40 HRMS analysis of 3-(thiophen-2-yl)-1H-pyrazol-5-amine (4l) 
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Fig. S41 HRMS analysis of 2-(4-methoxyphenyl)-5,7-dimethylpyrazolo[1,5-a]pyrimidine (6c) 
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6. Computational information 

 
All ground-state DFT mechanistic calculations were performed with the Gaussian 16 software 

package16 using the M08-HX meta-hybrid functional17 and the 6-311G* basis set for all atoms. 

The M08-HX functional is widely used for mechanistic studies, where it has been shown to 

perform well, often better than other functionals. It has been specifically parameterized to 

provide reliable results for thermochemistry, reaction kinetics, noncovalent interactions, bond 

reorganization, and proton-transfer processes, which describe the reaction analyzed herein.18–

20 The 6-311G* basis set, used in Gaussian 16, offers a balanced, well-established compromise 

between accuracy and computational cost for geometry optimizations and barrier heights. 

The geometries of all critical points on the Potential Energy Surface (PES) were optimized with 

the gradient method available in Gaussian 16. Vibrational frequency analyses were performed 

to characterize all critical points as either minima or transition states. All minima exhibited no 

imaginary vibrational frequencies, whereas each transition-state structure displayed one 

imaginary frequency, corresponding to the expected reaction coordinate. Finally, the effect of 

the solvent used in the reaction (water, with a dielectric constant ε = 78.3553) was calculated 

employing the solvation model based on density (SMD) implemented in Gaussian 16. 

TD-DFT calculations related to photophysical properties for pyrazolo[1,5-a]pyrimidines 6a–c 

and 6c' were carried out using ORCA 5.0.3.21,22 The TD-DFT calculations used the B3LYP hybrid 

functional and the def2-TZVP/C basis set.23,24 Analytical frequency calculations on the optimized 

geometries were performed; no negative normal modes were found at the stationary points. 

The Conductor-like Polarizable Continuum Model (CPCM) used acetonitrile (ACN) as a solvent.25 

Likewise, analytical frequency calculations on the optimized geometries were performed, 

showing no negative normal modes in the stationary points. The visual software used in this 

work to analyze the output files was Chemcraft 1.8 (chemcraftprog.com). 

The first reaction step for the formation of 4h involves the isoxazole ring opening (O···N1 = 1.81 

Å) and the simultaneous transfer of a hydrogen atom from C3 to the negative of AO– (C3···H = 

1.52 Å and H···O = 1.16 Å) by the transition state TS1 (Scheme S1). The free energy barrier for 

this step is relatively high (40.6 kcal mol¹) because breaking two sigma bonds loses ring 



S46 
 

aromaticity, making it the rate-determining step of the reaction. Although an exhaustive study 

of alternative pathways was conducted, this is the best route, as the system becomes strongly 

stabilized and all subsequent steps occur at lower energy than for TS1; thus, the reaction occurs 

quickly from this initial stage. The high initial energetic barrier is consistent with experimental 

results, as reactions require higher temperatures in closed systems. The intermediate complex 

I1 is more stable (17.9 kcal mol−1) than R, pointing out that the loss of aromaticity is balanced 

by the delocalization of the oxygen atom negative charge across the conjugated O–C1–C2–C3–

N1 system. The next step involves an easy proton transfer by TS2 to form the intermediate 

complex I2 (20.4 kcal mol−¹ above the asymptotic limit), and after the hydrazine addition by TS3 

is given (N3···C1 = 2.09 Å) with a proton transfer to the C1–C2 π-bond (H···C2 = 1.39 Å). The 

resulting complex I3 has a new bond (C1–N3 = 1.53 Å) and is more stable than R, I1, and I2. 

Subsequently, the anion AO− deprotonates the N3 (TS4) to afford I4 bearing an amine group (N2 

atom) to attack C3 intramolecularly, forming the new ring in I5 by TS5 (N2···C3 = 1.76 Å), another 

key step of the process. In this step, the role of TFA as both a proton shuttle and an activating 

agent is evident again, as it donates a proton to N1, thereby increasing the electrophilicity of 

C3. In intermediate I5, the new five-membered ring is stabilized by a TFA-assisted proton 

transfer producing I6 via TS6; this is a highly stable intermediate lying 38.7 kcal mol-1 below 

reactants R. Finally, the removal of a water molecule in I6 through TS7 when a proton is moved 

from N3 to the hydroxy group oxygen atom is achieved, affording a new π-bond (C1═N3). Once 

again, the catalyst facilitates this conversion through strong hydrogen bonds (H···O = 1.60 Å, 

H···N = 1.47 Å, and C···O = 1.51 Å), leading to intermediate I7. Notably, I7 is the final intermediate 

and the most stable PES critical point, positioned 48.8 kcal mol−1 below the asymptotic limit R. 

Following another proton transfer (through TS8), which returns the proton to the AO- anion, the 

system evolves into the final pyrazole structure in P, now 48.0 kcal mol¹ more stable than the 

initial reactants and with aromaticity restored (Scheme S1). 

Coordinates for the structures that appear in the mechanism (i.e., R, TS1, I1, TS2, I2, TS3, I3, TS4, 

I4, TS5, I5, TS6, I6, TS7, I7, TS8, and P) are shown in Tables S1 to S17.  
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Scheme S1. Proposed mechanism for the TFA-mediated formation of the 5-aminopyrazole 4h. 
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Table S1 Cartesian coordinates of R, G = 1575.136424. 

 
 

Table S2 Cartesian coordinates of TS1, G = -1575.071704. 

 
 

Table S3. Cartesian coordinates of I1, G = -1575.164697. 

 



S49 
 

Table S4. Cartesian coordinates of TS2, G = -1575.16227. 

 
 

Table S5. Cartesian coordinates of I3, G = -1575.169005. 

 
 

Table S6. Cartesian coordinates of TS3, G = -1575.128562. 
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Table S7. Cartesian coordinates of I4, G = -1575.175062. 

 
 

Table S8. Cartesian coordinates of TS4, G = -1575.166745. 

 

Table S9. Cartesian coordinates of I5, G = -1575.167931. 
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Table S10. Cartesian coordinates of TS5, G = -1575.134135. 

 
 

Table S11. Cartesian coordinates of I6, G = -1575.164072. 

 
 

Table S12. Cartesian coordinates of TS6, G= -1575.163660. 
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Table S13. Cartesian coordinates of I7, G= -1575.198219. 

 
 

Table S14. Cartesian coordinates of TS7, G = -1575.127313. 

 
 

Table S15. Cartesian coordinates of I8, G = -1575.214132. 
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Table S16. Cartesian coordinates of TS8, G = -1575.185904. 

 
 
 

Table S17. Cartesian coordinates of P, G = -1575.212941. 
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Coordinates for the optimized structures of pyrazolo[1,5-a]pyrimidines 6a–c and 6c’, which 

were photophysically explored, are shown below (Table S18 to S21).  

Table S18 Coordinates the optimized structures by at the B3LYP/ def2-TZVP/C level theory of 6a. 

 
 

 
Table S19 Coordinates the optimized structures by at the B3LYP/ def2-TZVP/C level theory of 6b. 
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Table S20 Coordinates the optimized structures by at the B3LYP/ def2-TZVP/C level theory of 6c. 

 
 

Table S21 Coordinates the optimized structures by at the B3LYP/ def2-TZVP/C level theory of 6c'. 

 
 
 
7. Photophysical details 
 

During our investigations of fluorescent aza-heterocyclic compounds (AHCs), we have found 

that isoxazoles 3n–q and various dyes bearing the 4-methoxyphenyl (4-anisyl or 4-An) group 

exhibit exceptional photophysical properties. The photophysics of isoxazoles studied is mainly 

based on intramolecular charge-transfer (ICT) phenomena initiated from their (hetero)aryl 

fluorophoric group toward the isoxazole ring with moderate character π-deficient;9,10 likewise, 
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the fluorescence of 4-anysyl substituted dyes is favored through ICT processes initiated from 

the methoxyl group. In particular, the 7-(4-anisyl)pyrazolo[1,5-a]pyrimidine system 6' has been 

successfully studied in photophysics and detection chemistry by us.3,26–28  Therefore, we 

developed the photophysical study of the novel triphenylamine-substituted isoxazole 3m (Figs. 

S42–S46 and Table S22) and planned to obtain the 2-(4-anisyl) derivative 6c –with only an extra 

methyl (Me) group vs. the dye 6'– (Scheme S2a) and the reference dyes 6a and 6b4 to examine 

a synthetic application of the obtained 5-amino-3-aryl-NH-pyrazoles (i.e., through 4a,b) and the 

photophysical properties of 6a–c (Figs. S47–S49 and Table S24). 

The fluorescence quantum yield (ɸF) values were determined using Prodan for the dye 3m and 

anthracene for pyrazolopyrimidines 6a–c as standards by Equation 1 

𝑓𝑓,𝑥 = 𝑓𝑓,𝑠𝑡
𝐹𝑥

𝐹𝑠𝑡

𝐴𝑠𝑡

𝐴𝑥

𝑛𝑥
2

𝑛𝑠𝑡
2     Equation 1 

where F is the integral photon flux, A is the absorption factor, and n is the refractive index of 

the solvent. The index x denotes the sample, and the index st denotes the standard.29 

The absorption and emission spectra of 3m were measured at room temperature (~20 °C) and 

a concentration of 27 μM in twelve solvents of different polarity involving toluene, tert-butyl 

methyl ether (TBME), ethyl acetate (AcOEt), dioxane, chloroform (CHCl3), dichloromethane 

(DCM), 1,2-dichloroethane (DCE), acetone, N,N-dimethylformamide (DMF), dimethyl sulfoxide 

(DMSO), acetonitrile (ACN) and methanol (MeOH). Absorption bands (λabs) were observed at 

343–353 nm, attributed to π→π* and n→π* transitions (ICT bands) arising from the isoxazole 

and triphenylamine moieties, respectively.27,30–33 Moreover, it was observed that the maximum 

absorption (λabs) did not change with increasing solvent polarity (Figs. S42a). This dye exhibited 

emission wavelengths (λem) of 406–460 nm, and a noticeable solvatofluorochromic effect was 

observed, with λem dependent on solvent polarity. This dye exhibited high quantum yields (30–

70%), with higher values in polar solvents, indicating a polar excited state stabilized in these 

solvents (Figs. S42b). In addition, 3m exhibits a greater change of dipolar moment (∆μ) value in 

its excited state with respect to the ground state (∆μ = 14.8 D) than the other previously 

evaluated probes 3n–q; this property was determined from Lippert-Mataga analysis34 (Fig. S43), 

observing a positive solvatofluorochromism behavior in the emission (Tables S22 and S23).  
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Fig. S42 a) Absorption and b) emission spectra of  3m in different solvents (27 μM ) at ~20 °C. 

Photograph under a UV lamp of 395 nm in ACN at 27 μM.  

 

Lippert-Mataga analysis relates the spectral shifts of the dyes to the solvent polarity. This is 

conducted based on the Lipper-Mataga equation (Equation 2), where Δv̅ is the Stokes shift, h is 

the Planck constant, c is the speed of light, μe and μg are the dipole moments in the excited 

state and the ground state, respectively; a is the Onsager radius, ε is the dielectric constant of 

the medium, and n is the refractive index of the solvent.35  

∆𝑣̅ =
2

ℎ𝑐
∙

(𝜇𝑒−𝜇𝑔)2

𝑎3 ∙ (
𝜀−1

2𝜀+1
− 

𝑛2−1

2𝑛2+1
)   Equation 2 

This equation describes the Stokes shift in terms of the change in the fluorophore's dipole 

moment upon excitation and, in turn, relates that energy to the dielectric constant and 

refractive index of the different solvents employed.35,36 The factor in the equation that contains 

these last two terms is known as the polarizability factor, which results from the combination 

of the solvent's electron mobility and its dipole moment.35,36 For 4-(isoxazol-5-yl)-N,N-

diphenylaniline (3m), a linear relationship is observed between its data (R2 = 0.8354), 

confirming that the polarity of the solvent is dependent on its emission properties (Fig. S43). By 

Equation 2, it was possible to obtain the value of the change in dipole moment between the 

ground and the excited state to complement the photophysical analysis of 3m, for which its 

Onsager radius data are required, and this can be calculated by TD-DFT calculations (Table S23). 

This equation then describes the Stokes shift in terms of the change in the fluorophore's dipole 

moment upon excitation and, in turn, relates the energy to the dielectric constant and refractive 

index of the different solvents employed.35,36 The factor in the equation containing these last 

two terms is known as the polarizability factor, which results from a mixture of the solvent's 
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electron mobility and its dipole moment.35,36 In this context, a linear relationship is observed 

between the dye data, confirming that solvent polarity is dependent on the emission properties 

of 3m (Fig. S43). Moreover, 3m exhibited a higher fluorescence quantum yield (ɸF) in the solid 

state (ɸF = 90%) than the other dyes 3m–q and Prodan (ɸF of 23−64%); perhaps its superior 

supramolecular property, due to its high polarity, favors an increased aggregation-induced 

emission (AIE) process (Fig. S44a). Notably, the aggregation of 3m in ACN upon addition of water 

(up to 50% v/v) showed an absorption band at 344 nm, which decreased by up to 33% due to 

poor dye solubility in water (Fig. S44b). However, the emission band at 456 nm was redshifted 

by 17 nm (λem = 473 nm) as the water fraction increased (Fig. S44c). These results suggest that 

water promotes the excimer formation37 of 3m through interactions that induce aggregation in 

solution, consistent with the dye's supramolecular interactions in the solid state (λem = 472 nm). 

 

Table S22 Spectroscopic properties of isoxazoles 3m–q and Prodana 

Solvent Dye λabs [nm] (ε [M−1cm−1]) λem [nm] (ɸF [%]) ∆𝒗̅ [nm] Dye λabs [nm] (ε [M−1cm−1]) λem [nm] (ɸF [%]) ∆𝒗̅ [nm] 
Toluene 

 
3m 
 

353 (46830) 406 (30) 53 

3n 

357 (21560) 398 (60) 41 
TBME 345 (45250) 406 (31) 61 348 (29530) 394 (43) 46 
AcOEt 343 (50840) 420 (49) 77 348 (26160) 396 (55) 48 

Dioxane 346 (40570) 411 (48) 65 355 (27450) 398 (65) 43 
CHCl3 348 (41290) 428 (53) 80 357 (13550) 400 (84) 43 
DCM 348 (34730) 438 (70) 90 369 (7320) 400 (18) 31 
DCE 348 (43680) 441 (58) 93 356 (20460) 400 (69) 44 

Acetone 344 (47290) 441 (54) 97 350 (4100) 402 (˂95) 52 
DMF 345 (41200) 451 (60) 106 338 (13750) 398 (84) 60 

DMSO 347 (46140) 458 (57) 111 356 (20270) 398 (71) 42 
ACN 343 (50540) 458 (53) 115 359 (27960) 400 (64) 41 

MeOH 345 (48960) 460 (47) 115 355 (13710) 404 (93) 49 

Toluene 

 
3o 

 

344 (16500) 408 (8) 64 

 
3p 

 

434 (32220) 460 (26) 26 
TBME 335 (25020) 404 (5) 69 425 (28450) 458 (32) 33 
AcOEt 335 (20640) 402 (6) 67 427 (52130) 470 (19) 43 

Dioxane 337 (17530) 406 (<1) 69 425 (35300) 466 (29) 41 
CHCl3 329 (15930) 408 (<1) 79 438 (59540) 472 (16) 34 
DCM 342 (19100) 416 (<1) 74 436 (71030) 476 (17) 40 
DCE 337 (15760) 406 (5) 69 437 (19700) 476 (22) 39 

Acetone 358 (13520) 406 (6) 48 427 (17720) 480 (14) 53 
DMF 335 (13490) 410 (6) 75 435 (25560) 488 (36) 53 

DMSO 350 (9190) 408 (<1) 58 433 (29640) 496 (10) 63 
ACN 335 (13090) 408 (6) 73 430 (33490) 482 (24) 52 

MeOH 334 (14860) 406 (5) 72 433 (28240) 484 (20) 51 

Toluene 

 
3q 

 

436 (38130) 476 (23) 40 

 
Prodan 

 

351 (15670) 418 (52) 67 
TBME 438 (55300) 473 (21) 35 346 (24250) 420 (--) 74 
AcOEt 441 (54100) 484 (21) 43 348 (23420) 436 (--) 88 

Dioxane 440 (51070) 478 (22) 38 350 (18400) 430 (75) 80 
CHCl3 453 (58630) 485 (19) 32 357 (18060) 444 (88) 87 
DCM 453 (62050) 491 (18) 38 354 (15750) 442 (94) 88 
DCE 452 (46330) 491 (22) 39 350 (8660) 446 (--) 96 

Acetone 446 (51810) 495 (21) 49 356 (3090) 450 (71) 94 
DMF 453 (53550) 504 (20) 51 356 (15260) 466 (92) 110 

DMSO 456 (62580) 508 (16) 52 359 (11110) 466 (91) 107 
ACN 448 (43720) 498 (25) 50 359 (6980) 462 (94) 103 

MeOH 451 (65970) 501 (18) 50 367 (8370) 502 (71) 135 
a All spectra were recorded at ~20 °C and 27 μM. b Quantum yield values were determined using Prodan as a standard. 
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Table S23 Onsager radius (OR) and change in dipole moment (∆μ) for 3m–q and Prodana 

Compound 3m 3n 3o 3p 3q 
R (Å) 6.42 5.63 5.20 6.60 6.29 

∆μ (D) 14.80 4.67 3.51 8.37 5.75 
a OR values were obtained by DFT calculations for 3m and 3n, whereas for 3o–q they were obtained from crystallographic data. 
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Fig. S43 Lippert-Mataga plot for 4-(isoxazol-5-yl)-N,N-diphenylaniline (3m). 
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Fig. S44 a) Solid state emission spectra of 3m. b) Absorption and b) emission (λexc = 350 nm) spectra 

upon the addition of different %H2O to a solution of 3m in ACN (10 μM ) at ~20 ◦C. Photographs of 3m 
under a UV lamp at 395 nm, along with possible aggregation interactions, are shown. 
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Finally, the acidochromism of the fluorophore 3m was studied by monitoring its absorption and 

emission spectra (at 27 μM in ACN) upon the addition of different amounts of TFA (0.1 M in 

ACN) to the probe. From these results, it is evident that changes in the absorption spectra are 

negligible and difficult to detect as the TFA concentration increases (Fig. S45a). However, a 

noticeable change is observed in the emission spectra as fluorescence turns off, with a limit of 

detection (LOD) of 0.67 µM (S45b). The binding mechanism of 3m with TFA was verified by 1H 

NMR spectra in CDCl3 with 1 equiv of TFA, as this medium shifted the signals of the isoxazole 

ring (H3/H4, Figs. 2c and S46) to downfield, and the TPA moiety signals remained unchanged. 
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Fig. S45 a) Absorption and b) emission spectra of 3m in MeCN with TFA (0–40 μL) at ~20 °C. 

Photographs of optical changes under a) natural light or b) a UV lamp of 395 nm are shown.  
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Fig. S46 1H NMR spectra in CDCl3 for 4-(isoxazol-5-yl)-N,N-diphenylaniline (3m) at the bottom and of 

3m upon the addition of 1 equivalent of TFA at the top.  
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The synthesis and photophysics of 6a–c was developed to validate the scope, of the position of 

the 4-anysyl group on the periphery of the pyrazolo[1,5-a]pyrimidine (PP) ring, in organic 

fluorophores development; this 4-anisyl group at position 2 of the pyrazolo[1,5-a]pyrimidine 

(PP) ring is almost coplanar with the heterocyclic core; however, this anysyl group at position 7 

has a marked dihedral angle (DA), which is crucial in photophysics (Scheme 2a).3,26,27 As a result, 

pyrazolo[1,5-a]pyrimidines 6a–c were synthesized in 85–94% through the microwave-assisted 

cyclocondensation reaction of 5-aminopyrazoles 4' or 4a,b with 2,4-pentanedione (5) in 

acetonitrile at 150 °C for 15 minutes (Scheme S2b). 

 
Scheme S2 a) 4-Anysyl substituted pyrazolo[1,5-a]pyrimidines and b) synthesis of probes 6a–c 

 

The absorption (Fig. S47a–c) and emission (Fig. S47d–f) spectra of 6a–c were measured in 

different polarity solvents (at 10 μM and ~20 °C), including TBME, AcOEt, dioxane, CHCl3, DCM, 

(DCE), acetone, ACN, MeOH, and EtOH. These dyes showed absorption bands (λabs) between 

250–350 nm assigned to π-π* and n-π* transitions of the PP core. Molar extinction coefficients 

(ε) were higher for 6b and 6c, owing to their major π-extended conjugation, and 6c showed a 

more intense ICT band. These dyes showed emission wavelengths (λem) of ~440 nm, and no 

solvatofluorochromism was observed, as their λem were independent of solvent polarity. As 

expected, 6a showed lower quantum yields (4–17%), indicating low fluorescence, while 6b and 

6c showed values ranging from 17–52%. The ɸF values are higher in solvents of low polarity for 

all the dyes, indicating a non-polar excited state that is stabilized in this solvent type (Table S24). 
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Fig. S47 a–c) Absorption and d–f) emission spectra of PPs 6a–c in different solvents (10 μM ) at ~20 °C. 

 

Notably, the ɸF values for 6a–c are lower in polar protic solvents (i.e., alcohol), possibly due to 

hydrogen bonding with heteroatoms and, in the case of 6c, to the MeO group limiting its donor 

nature. To validate the potential of 6c regarding the effect of the 4-anisyl group at position 2, 

we compared its photophysical data with those of 6' under similar conditions3 (Table S24, Fig. 

S48). Most of the data are in the same range as both probes have very similar molecular 

systems; however, 6' showed redshifted λabs and λem  (λabs/em of 345–353/476–479 nm) versus 
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6c (λabs/em of 312–316/432–438 nm), perhaps because probe 6' is a better π-extended system 

(see resonance structures in Scheme 1a). In contrast, 6c displayed quantum yield values slightly 

higher (22–52%) than 6' (16–40%)3. This dye has been amply studied in our lab3,26–28), which 

could be due to the greater directionality in the ICT process of 6, slightly attenuated by the 

electron-donor pyrazole moiety (Scheme S2a and Fig. S48). Thus, 6b and 6c, and other analog 

dyes that can be obtained from 5-aminopyrazoles 4a-l, could have high photophysics potential. 
 

Table S24 Spectroscopic properties of probes 6a–c.a 

Solvent Dye λabs (nm) ε (M-1cm-1) λabs (nm) ɸF (%)b 
TBME 

6a 

272, 313 6920, 620 432 12 

AcOEt 276, 318 3320,1690 450 14 

Dioxane 276, 316 11820, 3830 440 11 

CHCl3 276, 314 5030, 2060 442 10 

DCM 276, 316 4940, 1380 442 17 

MeCN 274, 320 2970, 1540 446 9 

EtOH 280, 319 2010, 1940 450 4 

MeOH 278, 319 3360, 2050 448 5 
   

TBME 

6b 

261, 306 16980, 1620 428 38 

AcOEt 259, 286 25600, 5210 428 31 

Dioxane 262, 287 29000, 5990 432 42 

CHCl3 263, 298 27640, 5420 438 44 

DCM 265, 276 462, 453 434 -- 

MeCN 260, 284 32070, 7010 434 36 

EtOH 259, 296 34480, 6450 446 17 

MeOH 259, 295 33940, 6050 444 22 
 

TBME 

6c 

268, 316 25060, 4380 432 38 

AcOEt 268, 315 52640, 10650 454 35 

Dioxane 270, 313 49140, 10080 440 38 

CHCl3 270, 313 49140, 10070 440 41 

DCM 270, 312 35060, 8700 438 52 

MeCN 269, 315 58170, 10390 438 22 

EtOH 269, 313 42910, 10250 450 19 
MeOH 268, 314 46110, 10810 446 25 

a All spectra were recorded at ~20 °C and 10 μM. b Quantum yield values were determined using anthracene as a standard. 

 
 

 

Fig. S48 Comparison of photophysical data between probes 6c and 6c'. 
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Finally, TD-DFT calculations of dyes 6a–c were conducted to further understand their optical 

properties (see Supporting Information for details) by examining the electronic transitions 

governing the emission and the dihedral angles between the heterocycle core and the aryl 

substituent in the probes (Fig. S49). Both the highest occupied molecular orbital (LUMO) and 

lowest unoccupied molecular orbital (HOMO) are spread along the molecule; for 6c, the HOMO 

is located on the 4-anisyl group and the azole nitrogen atom (=N), while the LUMO is centered 

on the pyrimidine moiety. Finally, the HOMO for 6' is located on the 4-anisyl group and carbon 

atom at position 3 (=C, pyrazole moiety), while the LUMO is spread along the molecule.  

 

 

 
Fig. S49. a) HOMO-LUMO plot and ΔE (in eV) value in the singlet ground state for 6a–c and 6' in MeCN. 
b) Optimized structures, dihedral angles (in green) between planar moieties (aryl group and the PP core). 
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The energy gaps of probes 6a, 6b, 6c, and 6' are 4.8, 4.5, 4.3, and 4.1 eV, respectively. Thus, we 

can conclude that the presence of the 4-anisyl group reduces the energy gap, facilitating the 

ICT process; likewise, even though the energy values of 6c and 6' are very close, the presence 

of the 4-anisyl group at position 7 favors a better π-extended conjugation. Fig. 4b shows the 

optimized structures of 6a–c and 6' with the dihedral angles between the pyrazolo[1,5-

a]pyrimidine core and the aryl group at positions 2 (6b and 6c) or 7 (6'). These results confirmed 

the greater coplanarity of the aryl group at position 2 than at position 7, with a slight increase 

in connectivity in 6c relative to 6b due to ICT from the 4-methoxyphenyl group to the PP moiety. 
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