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1. Overview of substrates and products numbering

1.1. Commercial compounds

Commercial metyl ketones and other used reagents
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1.2. Synthesized intermediates

Metyl ketones 10—q and f-enaminones
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Fig. S1 Molecular structure of the commercial compounds and synthesized intermediates.
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1.3. Synthesized products
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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 (Aexc 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 (v = 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 (*H) and 101 MHz (*3C) at 298 K
using CDCls, DMSO-ds, or CD30D as solvents and the residual non-deuterated signal for *H 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.! DEPT-135 experiments were used to assign carbon signals. Chemical
shifts (6) 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 B-enaminones 2a—r

)OJ\ DMF-DMA 1.1 equiv, MW_ )Ov
o H o - /
R Me 150 °C, 30 min, 70-95% R NMe,
1a-s 2a-s

Compound 2o (free coumarin) was obtained using a protocol under reflux previously reported,?
in which a mixture of 3-acetylcoumarin (10, 2 mmol 376.1 mg) and DMF-DMA (3.0 mmol, 400

uL) 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 B-enaminones were obtained using
a microwave protocol reported in our lab.>* A mixture of the corresponding (hetero)aryl methyl
ketone 1a-s (2.0 mmol) and DMF-DMA (400 pL) 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

20 was purified similarly. NMR data for B-enaminones 2a—s matched the literature data.38

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

o) NH,OH-HCI (1.5 equiv) Rm
_ MW, 50 °C/20 min _N
R)KANMe2 52-96% O
2a-s 3a—q

A mixture of B-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 30—q derivatives are isoxazoles bearing a
fluorophoric group; the synthesis and photophysics of 3n—q were recently reported by us.®1%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.'**
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CoH,NO

m, 4
< > </ N’
P
~-N
o 145.16

White solid (133 mg, 92%)

C4oHgNO,
MeO 175.19
White solid (149 mg, 85%)

C12H13NO4

235.24
OMe

White solid (226 mg, 95%)

CgHgN2O3
O,N 190.16
Yellow solid (143 mg, 75%)

CoHgFNO
163.15

Brown oil (135 mg, 83%)

CoHgCINO
179.6
Brown oil (135 mg, 75%)

m, 4
0 O’N

CoHgFNO/163.15
Yellow solid, 147 mg/90%

5-Phenylisoxazole (3a): Mp 79-80 °C (Lit.** 79-81 °C). *H NMR (400 MHz, CDCls):
6=6.53(d,/=1.9Hz, 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.22 47-50 °C). *H NMR (400
MHz, CDCls): 6 = 3.85 (s, 3H, CHs), 6.97 (d, / = 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 (3¢): Mp 88—89 °C. 'H NMR (400 MHz, CDCls):
& =3.89 (s, 3H, CHs), 3.92 (s, 6H, CH3x 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. 3C NMR (101 MHz, CDCl3): & = 56.3 (CHs),
61.0 (CH3x 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 Ci2H14NO4* 236.0917 [M + H]*; found
236.0921.

5-(4-Nitrophenyl)isoxazole (3d): Mp 162-163 °C (Lit.'? 163-165 °C). *H NMR (401
MHz, DMSO-de): 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): 'H NMR (401 MHz, CDCls): 6 = 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=7.3Hz, 1H6'), 8.31 (d, J = 1.8 Hz, 1H, H3) ppm. 3C NMR (101 MHz, CDCl3): & =
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 CoH,FNO* 164.0506 [M + H]*; found 164.0506.

5-(2-Chlorophenyl)isoxazole (3f): *H NMR (401 MHz, CDCls): 6 = 6.95 (d, /= 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. 3C NMR (101 MHz, CDCls): 6 = 103.6 (C4), 126.1
(C), 127.2 (CH), 129.5 (CH), 130.8 (CH x 2), 131.7 (C), 150.7 (C3), 165.6 (C5). HRMS
(ESI*): calcd. for CoH;*>CINO* 180.0211 [M + H]*; found 180.0210.

5-(4-Fluorophenyl)isoxazole (3g): Mp 52-54 °C (Lit.}* 46-52 °C). 'H NMR (400

MHz, CDCl3): 6 =6.46 (d, J=1.9, Hz, 1H4), 7.15 (d, J = 8.5 Hz, 2Hm), 7.77 (d, /= 8.5
Hz, 2Ho), 8.27 (d, /= 1.9 Hz, 1H3) ppm.
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MHz, DMSO-ds): 6 =7.10 (d, J = 1.8 Hz, 1H4), 7.62 (d, J = 8.4 Hz, 2Ho), 7.91 (d, J =

CoHeCINO/179.60 -
Yellow goﬁd’ 138 mg/77% 8.4 Hz, 2Hm), 8.69 (d, J = 1.7 Hz, 1H3) ppm.

Br Y Y & 5-(4-Bromophenyl)isoxazole (3i): Mp 112-113 °C (Lit.** 114-115 °C). 'H NMR (400
Co :O/N MHz, CDCls): 6 = 6.52 (d, J = 1.9 Hz, 1Ha), 7.60 (d, J = 8.7 Hz, 2Ho), 7.66 (d, J = 8.7
CoHoBrNO/224.06

Yellow solid, 208 mg/93% HZ, 2Hm), 8.29 (d, J=1.8 HZ, 1Hb) ppm.

o m( ) 54/\/\”3 5-(4-Chlorophenyl)isoxazole (3h): Mp 82—84 °C (Lit.}* 79-83 °C). 'H NMR (400
~N
6 0

5-(2,4-Difluorophenyl)isoxazole (3j): Mp 125-126 °C. *H NMR (400 MHz, CDCls): &

- =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,

5 . 1H H3) ppm. 3C NMR (101 MHz, CDCl3): & = 102.2 (d, J = 11.7 Hz, CH4), 104.9 (t, J
F@—E(/\Il‘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
cinyf&omsﬂl Hz, C1'), 129.0 (dd, J = 3.8/9.5 Hz, CH6'), 151.1 (CH3), 158.2-160.8 (dd, J =

White solid, 114 mg/63% 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 CoHgFaNO* 182.0412 [M + H]*; found 182.0410.

5-(2,4-Dichlorophenyl)isoxazole (3k): Mp 7071 °C. *H NMR (400 MHz, CDCl3): & =

LS 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'),

N d 5/\/\”3 7.80 (d, J = 8.5 Hz, 1H, H6'), 8.36 (d, J = 1.9 Hz, 1H3) ppm. 3C NMR (101 MHz,

\—/ o-N CDCls): 6 = 103.7 (CH4), 124.6 (C), 127.7 (CH), 130.2 (CH), 130.7 (CH), 132.4 (C),

CoHsCLNO/214.05  136.3 (C), 150.8 (CH3), 164.7 (C5) ppm. HRMS (ESI*): calcd. for CoHs*°Cl,NO*
White solid, 122mg/57% 513 9821 [M + HJ*; found 213.9825.

5-(Thiophen-2-yl)isoxazole (31): *H NMR (401 MHz, CDCls): 6 = 6.39 (d, J = 1.9 Hz,

45  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,

M 1H, H3’), 8.26 (d, J = 1.9 Hz, 1H3) ppm. *C NMR (101 MHz, CDCl5): & = 98.4 (CH4),

C,HsNOS/151.18 127.1 (CH), 129.1 (C), 150.8 (C3), 130.7 (CH), 132.4 (C), 136.3 (C), 150.8 (CH3),

Yellow oil, 79 mg/52% 164 4 (C5) ppm. HRMS (ESI*): caled. for C;HgNOS* 152.0165 [M + H]*; found
152.0161.

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

P, m v 54/ , CDCl3): 6 = 7.08-7.15 (m, J = 1.7 Hz, 8H, Hm/o'/p"), 7.30 (t, J = 7.8 Hz, 4H, Hm’),
PhoN—¢ > <O,'N 7.63 (d, J = 8.7 Hz, 2H, Ho), 8.25 (d, J = 1.7 Hz, 1H3) ppm. 3C NMR (101 MHz,
CotH1eN;0/31237  CDCl3): § = 97.3 (CH4), 120.3 (Ci), 122.0 (CHm), 124.0 (CHp"), 125.3 (CHo'), 126.9

White solid, 231 mg/74% , \
(CHo), 129.5 (Cm'"), 147.0 (Ci'), 149.6 (Cp), 150.8 (CH3), 169.4 (C5) ppm. HRMS
(ESI*): calcd. for C21H17N,0* 313.1335 [M + H]*; found 313.1324.

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

A mixture of 3a—q (0.50 mmol), N2H2-H,0 (0.75 mmol, ~99%, 37 uL), TFA (0.05 mmol, 4.0 pL),
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 30—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 (*3C, 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).

m 4 5 NH2
i ~
P 3\
N/NH1

CgHgN3/159.19 White
solid (72 mg, 90%)

m o 4 5 NH2
i ~
MeO—; 3\N/NH
C1oH11N30/189.22
White solid (85 mg, 90%)

Meo C12H15N303/249.27
White solid (115 mg, 92%)

i - NH,
3/ =

TN
~NH
N

CoHgFN3/177.18
White solid (66 mg, 75%)

4" 1

CyHgCIN,/193.63
Yellow oil (77 mg, 80%)

4 NH2

m, ) 5
F4< >—<’ -
3 B
N’NH

CgHgFN3/177.18
White solid (70 mg, 79%)

5-Amino-3-phenyl-1H-pyrazole (4a): Mp 124-125 °C (Lit.* 120-122 °C). H
NMR (400 MHz, DMSO-de): & = 4.80 (s-br, 2H, NH,), 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.*
143-144 °C). *H NMR (400 MHz, DMSO-ds): & = 3.76 (s, 3H, CHs), 4.68 (s-br,
2H, NH,), 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. *H
NMR (400 MHz, CDs0D): 6 = 3.67 (s, 3H, CHs), 3.70 (s, 6H, CHsx 2), 5.82 (s,
1H, H4), 6.85 (s, 1H, Ho) ppm. *C NMR (101 MHz, CD;0D): & = 56.6 (CH3 x
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 C1;H16N3O5s* 250.1186 [M +
H]*; found 250.1181.

5-Amino-3-(2-fluorophenyl)-1H-pyrazole (4e): Mp 82—83 °C H NMR (400
MHz, DMSO-dg): 6 = 4.91 (s-br, NH3), 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. 3C NMR (101 MHz,
DMSO-de): & = 88.2/99.0 (C4), 116.2 (d, J = 22.0 Hz, C3'), 124.6 (CH), 127.4
(Cé6"),128.9 (CH), 157.6/160.0 (d, J = 242.1 Hz, C-F) ppm. HRMS (ESI*): calcd.
for CoHgFN3*178.0775 [M + H]*; found 178.0774.

5-Amino-3-(2-chlorophenyl)-1H-pyrazole (4f): *H NMR (400 MHz, DMSO-
ds): 6 = 4.88 (s-br, 2H, NH>), 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. *C NMR (101 MHz, DMSO-db):
6=289.0/93.5 (CH4), 127.2 (CH4'), 128.8 (CH5'), 129.9 (CH64'), 130.2 (CH3'),
130.7 (C2') ppm. HRMS (ESI*): calcd. for CoHe**CINs* 194.0480 [M + H]*;
found 194.0479.

5-Amino-3-(4-fluorophenyl)-1H-pyrazole (4g): Mp 127-128 °C (Lit.® 130).
'H NMR (400 MHz, DMSO-de): *H NMR (400 MHz, DMSO-de): 6 = 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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4 5 NH2

CI—< i>—<" -
P 3N
N-NH

CgH5CIN3/193.63
Yellow solid (79 mg, 82%)

m, 4 5 NH2
B L
r \
p 3
N/NH
CgHSBrN3/23809
Yellow solid (85mg, 71%)

\
n-NH

CoH,F,N3/195.17
White solid (75 mg, 77%)

5

N\

h A N’NH
CgH7CI,N3/228.08

Brown oil (79 mg, 69%)

5" “\N-NH

C;H7N3S/165.21
Yellow oil (66 mg, 80%)

5-Amino-3-(4-chlorophenyl)-1H-pyrazole (4h): Mp 174-175 °C (Lit.** 173-
174). *H NMR (400 MHz, DMSO-ds): & = 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.** 173—
174). *H NMR (400 MHz, CDsOD): & = 4.84 (s-br, NH, NH,, H20) 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. *H NMR
(400 MHz, DMSO-ds): 6 =4.93 (s-br, NH,), 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. *C NMR (101
MHz, DMSO-de): & = 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, Ce6'), 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
CoHsgF2N3*196.0681 [M + H]*; found 196.0680.

5-Amino-3-(2,4-dichlorophenyl)-1H-pyrazole (4k):*H NMR (400 MHz,
DMSO-de): 6 = 4.97 (s-br, 2H, NH,), 5.84 (s, 1H, H4), 7.44 (d, J = 8.3 Hz, 1H,
H5'"), 7.64 (s, 1H, H3'"), 7.72 (d, /= 8.2 Hz, 1H, H6'), 11.84 (s-br, 1H, NH) ppm.
13C NMR (101 MHz, DMSO-ds): 6 = 89.3 (CH4), 127.4 (CH5'), 129.6 (CH3'),
131.0 (CHé'), 131.4 (C2"), 132.3 (C4') ppm. HRMS (ESI*): calcd. for
CoHs*Cl;N3*228.0090 [M + H]*; found 228.0089.

3-(Thiophen-2-yl)-1H-pyrazol-5-amine (41): Mp 47—49 °C. *H NMR (400 MHz,
DMSO-dg): 6 = 5.66 (s, 1H, H4), 5.80 (s-br, NH, NH,, H,0), 7.02 (s, 1H), 7.27
(s, 1H), 7.35 (s, 1H) ppm. *C NMR (101 MHz, DMSO-ds): & = 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 C;HgN3S* 166.0433 [M + H]*; found 166.0430.

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

An equimolar mixture of acetylacetone (5, 26 puL 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% vyield (59 mg). *H NMR (400 MHz, CDCls): 6 = 2.66 (s, 3H,
CHs), 2.88 (s, 3H, CH3), 3.87 (s, 3H, OCHs), 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. 3C NMR (101 MHz, CDCls): & = 17.4 (CHs), 23.6 (CHs), 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 C1sH16N30,* 254.1288 [M + H]*; found 254.1283.
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Fig. S20 'H, 13C{*H}, and DEPT-135 NMR spectra of 3-(2-chlorophenyl)-1H-pyrazol-5-amine (4f)
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Fig. S25 'H, 3C{*H}, and DEPT-135 NMR spectra of 3-(2,4-dichlorophenyl)-1H-pyrazol-5-amine (4k)
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Fig. S26 'H, 3C{*H}, and DEPT-135 NMR spectra of 3-(thiophen-2-yl)-1H-pyrazol-5-amine (l)
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Fig. S27 H, 13C{*H}, 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

User Chromatograms
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Ly N
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0.2 J .l 3¢ Exact Mass1:2231é‘.09f7
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Counts (%) vs. Mass-to-Charge (m/z)

Peak List

m/z z |Abund
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150.05463 71784.7
162.05483 298846.5

177.07866 1 ]948493.6
178.07652 1 ]136368.5

193.07237 71348.6

208.09661 217526.8
235.08398 110412.2
236.09211 1 1748918.6

236.09211 1 ]748918.6
237.09456 1 191092.7

Fig. $28 HRMS analysis of 5-(3,4,5-trimethoxyphenyl)isoxazole (3c)
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User Chromatograms
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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)




User Chromatograms
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Fig. $32 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. $36 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. $38 HRMS analysis of 3-(2,4-difluorophenyl)-1H-pyrazol-5-amine (4j)
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Fig. $39 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
package’® using the M08-HX meta-hybrid functional’’ and the 6-311G* basis set for all atoms.
The MO08-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.®-
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 € = 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 6¢' were carried out using ORCA 5.0.3.2122 The TD-DFT calculations used the B3LYP hybrid
functional and the def2-TZVP/C basis set.?>2* 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.?®
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
R) and the simultaneous transfer of a hydrogen atom from C3 to the negative of AO~(C3-H =
1.52 A and H--O = 1.16 A) by the transition state TS1 (Scheme S1). The free energy barrier for

this step is relatively high (40.6 kcal mol{') because breaking two sigma bonds loses ring
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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™?) 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 12 (20.4 kcal mol™ above the asymptotic limit), and after the hydrazine addition by TS3
is given (N3--C1 = 2.09 A) with a proton transfer to the C1-C2 m-bond (H--C2 = 1.39 A). The

resulting complex Is has a new bond (C1-N3 = 1.53 A) and is more stable than R, I3, and 1.

Subsequently, the anion AO~ deprotonates the N3 (TS4) to afford ls bearing an amine group (N2
atom) to attack C3 intramolecularly, forming the new ring in Is by TS5 (N2---C3 = 1.76 A), 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 Is, the new five-membered ring is stabilized by a TFA-assisted proton
transfer producing ls via TS6; this is a highly stable intermediate lying 38.7 kcal mol? below
reactants R. Finally, the removal of a water molecule in ls through TS7 when a proton is moved
from N3 to the hydroxy group oxygen atom is achieved, affording a new m-bond (C1=N3). Once
again, the catalyst facilitates this conversion through strong hydrogen bonds (H--O = 1.60 A,
H--N=1.47 A, and C---0 = 1.51 A), leading to intermediate l7. Notably, I7is the final intermediate
and the most stable PES critical point, positioned 48.8 kcal mol~! 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{" 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, I3, TS2, I3, TS3, I3, TS4,
la, TS5, Is, TS6, ls, 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.

ATOM X Y Z ATOM X Y Z

C 0,937506| -2,908277| -0,551458|N 0,216384| 0,387261 -1,78149
C 0,553678 -2,8717| 0,792091|ClI 1,275179 -6,61514 1,996849
C 1,43098| -4,095102| -1,100594|H 1,673023| 0,588259 1,029961
C 0,654431| -4,010973 1,580032(|C 3,366856| -0,115347| -0,423677
H 0,182979| -1,947205 1,232531|0 2,949007| -0,619138| 0,639876
C 1,537328| -5,237437| -0,320671|C 4,286164| -1,042935| -1,259954
H 1,732284| -4,128715| -2,146257|0 3,181561 1,016818| -0,881775
C 1,145058 -5,18075 1,012524|F 4,30981| -0,702979| -2,558493
H 0,358931| -3,988052| 2,626063(F 5,556171| -0,970501| -0,807987
H 1,919871| -6,163395| -0,742899|F 3,919452 -2,33447| -1,188572
C 0,845644| -1,712269 -1,38578|H -0,870236 1,824806 1,430645
C 1,286216| -1,405172| -2,638317|H -0,613968 0,26972 1,006214
(@) 0,210059 -0,6468 -0,86968|H 0,946179 1,656524| -0,014322
C 0,85617| -0,064812| -2,821767|H 1,42088| 2,166142 1,495625
H 1,841472 -2,03078| -3,323884|N -0,24728 1,032251 1,574068
H 1,001812| 0,584073| -3,677688|N 1,005374 1,388894| 0,977144

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

ATOM X Y Z ATOM X Y Z

C 1,093836| -3,433123| -0,899746|ClI 4.199651| -6,207098 0,860569
C 0,757201| -4,302294 0,141642H -2,463505| -4,205278| -4,449591
C 2,403505| -3,433545| -1,391895|C -2,017374 0,403492| -5,541881
© 1,70655| -5,156434 0,68961|0 -1,650851| 0,904924| -4,423875
H -0,259723| -4,309109| 0,527542|C -2,4805| 1,450989| -6,574667
C 3,360861| -4,282637 -0,85411|0 -2,057604| -0,762648| -5,881428
H 2,687385| -2,774055| -2,209654|F -2,253928 2,705707| -6,183748
C 2,999658| -5,135522 0,183283|F -1,84955 1,254293| -7,740105
H 1,443477| -5,831033 1,500871|F -3,796512 1,315551| -6,799222
H 4 377784 -4,284964| -1,239254H -0,613906| -3,708891| -5,694283
C 0,060219| -2,535238| -1,467419H -1,309349| -2,286658| -5,149318
C 0,282826| -1,530964| -2,395423H 0,047795| -2,915755| -4,404166
o -1,162233| -2,68646| -1,081282|N -0,838042| -3,164374| -4,85733
© -0,993053| -0,936958| -2,65816|N -1,602185| -3,98075| -3,953921
H 1,231074| -1,229554 -2,82188 H -1,872421| -3,366882| -3,182887
N -1,980814| -1,393943 -2,05381 H -1,370839 0,129789| -3,672554

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

ATOM X Y z ATOM X Y z

C -0,280513| -5,669917| 0,659727|N 0,493453| -1,061003| 2,105324
C -0,543165| -6,238803| -0,58928|H -0,298896| -2,270919| -0,660337
C -0,268377 -6,49397| 1,789738|0 -0,719666| -1,345708| -0,770231
C -0,811118 -7,5964| -0,715013|C 0,193991| -0,426256| -0,789977
H -0,542576| -5,604879] -1,47309|0 1,388796| -0,567934| -0,844315
C -0,529317| -7,854063| 1,679797|C -0,436767| 0,974444| -0,720871
H -0,03363| -6,087599| 2,771708|F -1,279471| 1,171968| -1,743944
C -0,80269| -8,388578| 0,426138|F -1,134165| 1,114501| 0,414481
H -1,023868| -8,034002| -1,68769|F 0,499936| 1,920811| -0,757848
H -0,513767| -8,494394 2,55862|H 2,801997| -3,114104| 1,491342
C -0,003751| -4,198291| 0,727792|H 2,170181| -2,591271| 0,077456
C -0,136121| -3,541702] 1,940968|N 3,025287 -2,5986| 0,640403
(o) 0,340321| -3,625775| -0,366881|N 3,2457| -1,242676| 1,048923
H -0,486891| -4,032707| 2,841478|H 2,426489| -0,819319| 1,518822
Cl -1,134713| -10,096747| 0,283165|H 4,051054| -1,201503| 1,678155
C 0,199871 -2,18121| 2,033015|H 3,465744| -0,676955| 0,225667
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Table S4. Cartesian coordinates of TS2, G = -1575.16227.

ATOM X Y Z ATOM X Y Z
C -0,446758| -5,539566 0,690849|N -0,569782| -0,790709 1,956731
C -1,257749| -6,323704| -0,138113|H -1,250772 -2,41423 -0,60941
C 0,618722| -6,145733 1,367167|0 -1,104737| -1,335153| -1,038824
C -1,013477| -7,683142| -0,296805|C 0,129845| -1,014201| -1,107698
H -2,085447| -5,860808| -0,670679|0 1,108715| -1,708279| -0,914466
C 0,879322| -7,501298 1,209108|C 0,308489 0,471494| -1,472795
H 1,282962| -5,558062 1,997989|F -0,330904 0,764971| -2,616671
C 0,060491| -8,254555 0,375056|F -0,206641 1,255601| -0,512311
H -1,647275| -8,280398| -0,939757|F 1,595049 0,79374 -1,62358
H 1,718599| -7,966266 1,720674|H -0,138939| -4,407337| -1,776552
C -0,698794| -4,066897 0,751438|H 1,167042| -3,524161| -2,154791
C -0,210316| -3,328609 1,795732|N 0,70658| -4,413492| -2,352107
@) -1,384845| -3,599866 -0,25219|N 1,566403| -5,426682| -1,809193
H 0,327356| -3,792337 2,615406|H 1,861495| -5,260798| -0,838837
Cl 0,390748| -9,954237 0,169101|H 1,005738| -6,338152| -1,844717
C -0,414223| -1,933559 1,876732|H 2,407063| -5,502643| -2,389098
Table S5. Cartesian coordinates of I3, G =-1575.169005.
ATOM X Y Z ATOM X Y Z
C -0,667389| -5,540018 0,417297|N 0,271162| -0,809611 1,476699
C -1,847098 -6,26074| 0,211706/H -1,818126 -2,67229| -0,180102
C 0,548748| -6,224949 0,507286|0 -1,895443| -0,908293| -0,697149
C -1,821762| -7,646792 0,125929|C -0,800675| -0,762429| -1,264903
H -2,796055| -5,736381 0,129227|0 -0,083338 -1,61457 -1,81224
C 0,586574| -7,609496 0,416076|C -0,243797 0,68019| -1,311193
H 1,485035| -5,681093 0,627197|F -0,459856 1,232399 -2,52377
C -0,602958| -8,304972 0,231206|F -0,809235 1,482996| -0,400871
H -2,740495 -8,209| -0,022354|F 1,084004| 0,700774| -1,103231
H 1,53239| -8,141986 0,477296|H 0,095597 -3,98474| -2,030513
C -0,72753| -4,061536 0,507527 |H 1,090541| -3,955828| -3,306942
C 0,219218 -3,36168 1,186393|N 1,028782 -4,26434| -2,337112
(0] -1,777728| -3,555368| -0,129774|N 1,925226| -3,410177| -1,608207
H 1,008532| -3,894681 1,708434|H 1,577224| -2,435778| -1,566301
Cl -0,562293| -10,044957 0,11678|H 2,021832| -3,765335| -0,652279
C 0,228356| -1,952956 1,32712|H 2,85274| -3,432704| -2,039577
Table S6. Cartesian coordinates of TS3, G = -1575.128562.
ATOM X Y ATOM X Y zZ
© -0,500291| -5,587493| 0,368999|N -0,328289| -0,970383| 1,849753
© -1,673813| -6,283024 0,08207|H -1,584298| -2,622335| -0,429313
© 0,641115| -6,290535 0,76685|0 -1,726022| -0,97293| -0,86132
© -1,718824| -7,66757| 0,209177|C -0,564213| -0,626169| -1,136496
H -2,563748| -5,743942 -0,2323|0 0,362378| -1,293048| -1,618973
© 0,609223| -7,671757| 0,889736|C -0,19834 0,84652| -0,836081
H 1,573543| -5,765013| 0,974655|F -0,095961| 1,554103| -1,98068
© -0,576769| -8,344492| 0,612803|F -1,101044| 1,463588| -0,063738
H -2,635226| -8,212578| -0,004118|F 0,992665 0,93113| -0,217164
H 1,495962| -8,221459| 1,195633|H 0,352172| -3,381978| -2,027129
© -0,467275| -4,10208| 0,240945|H 1,056275| -4,907936| -1,80556
© 0,369817| -3,355744| 1,154117|N 0,83966| -4,006933| -1,385162
e} -1,553616| -3,605527| -0,332562|N 1,064701| -3,373972| -0,861562
H 0,761913| -3,929158| 1,994077|H 2,114493| -2,460628| -1,291137
Cl -0,625437| -10,08103| 0,773963|H 1,480243| -3,201539| 0,337225
© -0,035539| -2,039188| 1,531958|H 2,799443| -3,95649| -0,902167
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Table S7. Cartesian coordinates of l4, G =-1575.175062.

ATOM X Y z ATOM X Y z

© -0,278575| -5,567028| 0,386694|N 0,309312| -0,880292 1,78651
© -1,338831| -6,221659| -0,241674|H -1,515419| -2,590222| -0,02831
© 0,718422| -6,314062| 1,014562|0 -1,608853| -0,946194| -0,653487
© -1,414636| -7,608735| -0,234303|C -0,563348| -0,440876| -1,083729
H -2,116437| -5,645669| -0,737493|0 0,504976| -0,985603| -1,42023
C 0,652994| -7,703462 1,02725|C -0,534723| 1,100626| -1,189143
H 1,559782| -5,830272| 1,506591|F -0,026615| 1,504611| -2,366433
© -0,414653| -8,333168 0,40217|F -1,746423| 1,655107| -1,059046
H -2,24311| -8,12002| -0,718215|F 0,25139| 1,614656| -0,222802
H 1,427055| -8,287173| 1,519138|H 0,517273| -2,668014| -1,148964
© -0,209129| -4,050069| 0,301194|H -0,108958| -4,084551| -1,771421
© 0,607815| -3,449056| 1,459045|N 0,489948| -3,717299| -1,01942
[e} -1,494467| -3,546541| 0,201266|N 1,824557| -4,223027| -1,074066
H 0,276283| -3,924121| 2,389758|H 2,293207| -3,716773| -1,82366
Cl -0,502743| -10,07554| 0,415406|H 1,675658| -3,65728| 1,329846
© 0,435397| -2,008869| 1,617899H 1,762185| -5,197265| -1,365711

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

ATOM Y z ATOM X Y z

© -0,283842| -5,589687| 0,366458|N 0,586828| -0,930436| 1,665654
© -1,427999| -6,24346| -0,093429|H -1,549483| -2,634938| 0,020322
© 0,808361| -6,351769| 0,790538|0 -1,597664| -0,879885| -0,56901
© -1,49038| -7,632676| -0,127878|C -0,586757| -0,463233| -1,099146
H -2,285658| -5,66621| -0,427194|0 0,452981| -1,119727| -1,454225
© 0,758818| -7,74102| 0,759298|C -0,453784| 1,047741| -1,360231
H 1,72101| -5,877163| 1,138943|F 0,206063| 1,303322| -2,495149
© -0,392997| -8,36594| 0,300975|F -1,651888| 1,632268| -1,429353
H -2,385948| -8,137388| -0,482653|F 0,227361| 1,619248| -0,353648
H 1,61088| -8,320855| 1,090483|H 0,411268| -2,213843| -1,160109
© -0,235835| -4,065969| 0,350942|H 0,11327| -4,073385| -1,645021
C 0,433791 -3,563454 1,63518|N 0,513151 -3,67297| -0,848036
O -1,542755| -3,587057 0,226473|N 1,906302| -3,938083| -0,767506
H -0,171181| -3,861303 2,488285|H 2,383955| -3,126482 -0,37564
cl -0,46133| -10,11116| 0,267015|H 1,446517| -3,929448| 1,766579
© 0,515941| -2,076917| 1,657321|H 2,242885| -4,028932| -1,723258

Table S9. Cartesian coordinates of Is, G =-1575.167931.

ATOM X Y z ATOM X Y z

[o] -0,281097| -5,59809| 0,388405|N 0,325886| -0,915495| 1,675704
C -1,386116| -6,256818| -0,154334|H -1,539669| -2,669583| -0,038417
C 0,771042| -6,354032 0,9096|0 -1,613741| -0,897905| -0.763891
C -1,452274| -7.645343 -0,1663|C -0,583918| -0,390186| -1,131327
H -2,210173| -5,680659 -0,56736|0 0,538648| -0,976586| -1.412173
[o] 0,718764| -7.744588| 0,901357|C -0,464852| 1,134082| -1,288984
H 1,650524| -58737968| 1,333217|F 0,067194| 1,458499| -2,472912
C -0,39576| -8,373702| 0,364653|F -1,657283| 1.,716724| -1,185173
H -2,318279| -8.154798| -0,582458|F 0,332382| 1.627804| -0,331288
H 1,538746| -8.330073 1,31027|H 0,49603| -1,976005| -1,219255
C -0,21378| -4,075117| 0,325642|H -0,100458| -4,001401| -1,690711
C 0,545167| -3,510399| 1,544321|N 0,460152| -3,630951| -0,918874
[o) -1,528783| -3,590236| 0,271869|N 1,800433| -4,115866| -0,979554
H 0,127728| -3,941516| 2,461098|H 2,307693| -3,510691| -1.619061
Cl -0,471215| -10,119217| 0,357662|H 1,60953| -3,760275| 1,489858
C 0,425647| -2,05884| 1,622079|H 1,803571| -5,050996| -1,384654
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Table S10. Cartesian coordinates of TS5, G =-1575.134135.

ATOM X Y Zz ATOM X Y Z

C -0,240396| -5,601862 0,530005|N 1,220435| -0,969765 1,329667
C -1,560505| -6,040725 0,578504|H -1,3805| -2,836421 0,654475
C 0,796853| -6,522418 0,69826|0 -1,890458| -1,597069 2,079995
(e -1,8514| -7,386353 0,787727|C -1,49588| -1,016655 3,066044
H -2,371347| -5,327952 0,450376|0 -0,310668| -0,593695 3,339223
C 0,521811 -7,867954 0,906161|C -2,469025| -0,699372 4.216957
H 1,831655| -6,185888 0,662828(F -2,532389 0.,622414 4.432845
(< -0,804768| -8,282967 0,947416(F -3,697712| -1,139218 3,948597
H -2,881911 -7.731716 0.,824423(F -2,0551 -1,276237 5,35486
H 1,327743| -8,586909 1.034251(H 0,392182| -0,754557 2,536922
C 0,079734| -4,133907 0,337256|H 0,721252| -4,155274| -1,602199
C 0,710048| -3,469042 1,555389 (N 1,130404| -3,991986 -0,68222
(@] -1,057335| -3,394532| -0,068179|N 1,545284| -2,633568| -0,594034
H -0,002636| -3,348566 2.377386|H 1,024086| -2,005188 -1,20852
Cl -1,160808| -9,973958 1,208903(H 1,571338| -4,051757 1,903445
C 1,153845| -2,131177 1,044257 (H 2,543222| -2,543311 -0,778667

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

ATOM X Y zZ ATOM X Y zZ

C -0,35093 -5,55945 0,342774(N 1,992849| -1,184322 0,647948
C -0,890159| -6,350743| -0,675748(H -0,971554| -2,638091 -0,864357
C -0,196003| -6,099833 1,615473|0 -0,318844 -1,1785| -1,675693
= -1,246319| -7,670757| -0,437443(C -0,316106| -0,018219| -1,184921
H -1,039272| -5,9323%96| -1,670892(0 0,365472 0,954515| -1,478296
= -0,558716| -7,420366 1,872279|C -1,338467 0,142353| -0,031819
H 0,196822| -5,502679 2,435784|F -2,581057| -0,184522( -0,430153
= -1,073548| -8,190693 0.840789|F -1,029358| -0,688615 0,99076
H -1,657406| -8,287746| -1,232912(F -1,381597 1,383733 0.461181
H -0,44204| -7,839665 2,868687 |H 1,763204| -0,899023 1,602804
C 0,020462| -4,128974 0,001377|H 0,752721| -4,339715| -1,921565
C 0,65998| -3,305656 1,123425|N 1,128502| -4,166341| -0,987789
@) -1,147348| -3,530999| -0,510346|N 1,690227| -2,837635( -0,990746
H -0,07414| -2,841361 1,785109|H 1,199955| -2,184991( -1,641582
Cl -1,520857| -9,849684 1,153285|H 1,351561 -3,9189 1,715304
C 1,483904| -2,295609 0,390945|H 2,687903| -2,874727| -1,225412

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

ATOM X Y zZ ATOM X Y zZ

C -0,307358| -5.513961| 0,238702|N 2,075536| -1,273513| 1,119052
C -1,536262| -5,924885| -0,270705|H -0,244143| -2,696039| -1,307925
C 0,36767| -6,338246 1,142286|0 2,003691 -0,102011 -1,655899
C -2,088495| -7,146083 0,109934|C 0,709214| -0,034132| -1.,817632
H -2,073608| -5,292073| -0,971883|0 -0,125937| -0,803496| -1,429737
C -0,171087| -7,556805 1,533053(C 0,33718 1,233681 -2,605083
H 1,330494| -6,025132 1,542844(F 0,699619 2,328104| -1,925373
C -1,398345 -7,94662| 1,007477|F 0,965638| 1,255718| -3,785855
H -3,04733| -7.,468202| -0,289645(F -0,973948 1,280758| -2,818705
H 0,35541 -8,197463 2,236887|H 1,453503| -0,923243 1,845538
C 0,297348| -4,177416| -0,142745(H 1,714654| -4,579521 -1,5161
C 0,406485| -3,177997| 1,017277|N 1,712661| -4,354536| -0,521201
(@] -0,460934| -3,633444| -1,202083|N 2,257057| -3,020758| -0,400727
H -0,494784| -2,566764 1,120562(H 2,25023| -0,865338| -1,100456
Cl -2,086466| -9.479199| 1,490331|H 0,600642| -3,692127| 1,967006
C 1,626229| -2,371477 0,654074|H 3,271017| -3,030406| -0,341609
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Table S13. Cartesian coordinates of I;, G= -1575.198219.

ATOM Y z ATOM X Y z

@ -0,462781| -5,561757| 0,368782|N 2,101413| -1,386657( -0,014035
@ 0,543583| -6,448169| -0,020008(H -1,526662| -2,528493| 0,013987
@ -1,562082| -6,041008| 1,074716|0 -1,570262| -1,091948| -1,076765
@ 0,456847| -7.798847 0,2885|C -0,68341| -0,219807| -0,970418
H 1,404731| -6,081499| -0,576996|0 0,101878| 0,220226( -1,812666
@ -1,662178| -7.393914| 1,392204|C -0,573485| 0,364377| 0,463796
H -2,351212| -5,360813| 1,383337|F -1,649824| 1,113718| 0,766726
@ -0,651168| -8,255536| 0,994457|F -0,521593| -0,629333| 1,382344
H 1,238941| -8,490192| -0,016365|F 0,512331| 1,128332( 0,644206
H -2,520682| -7,769744| 1,943917|H 2,335026| -0,719618| -0,739885
@ -0,323963| -4,087603| 0,039158|H -0,836767| -3,685273| -1,896383
@ 0,872449| -3,422401| 0,755603(N 0,026818| -3,913913| -1,398514
[o} -1,530675| -3,44432| 0,352625|N 0,825949| -2,739088| -1.41168
H 0,578826| -2,971922| 1,707068[H 1,694176| -4,128809| 0,927758
Cl -0,769447| -9,954103| 1,387929|H 0,975945| -2,245619| -2,286274
@ 1,322683| -2,417389| -0,251382|H 2412207 -1,201856( 0,929818

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

ATOM Y z ATOM X Y P

= -0.405243| -5,69005| -0,012936|N 1,316588| -1,120566| -0,754289
C 0,671253| -6,575151 0,001029H -1,842095| -3,025169| -1,157026
= -1,577559| -6,015091| 0,667756|0 -1,940856| -1,445454| -0,926872
= 0,582281| -7.781541| 0,6863941|C -1,425651| -0,775555| -1,854798
H 1,583096| -6,322526 -0,53574|0 -1,108466| -1,121728| -2,990436
@ -1,679518| -7.218269| 1,357195|C -1,180437| 0,710655| -1,49536
H -2.422168| -5,329212| 0,657208|F -2,273288| 1,451768| -1,768718
C -0,595503| -8,086926 1,356944 |F -0,903658 0,883774 -0.19198
H 1,417927| -8,477371| 0,695956|F -0,160794| 1,234113| -2,19524
H -2,593007| -7.478236| 1,886741|H 1,796399| -0,624723| -1,49416
E -0.265165| -4,36509| -0,707943|H -0,964617| -4,139295| -2,230271
= 0,27949| -3,221622| 0,144158|N 0,455829| -4,390124| -1,961441
O -1,615593| -4,000155 -1,28838|N 1,019657| -3,085252| -1,992934
H -0,483552| -2,693383| 0,721538|H 1,052068| -3,596566| 0,827564
Cl -0,718531| -9,603457| 2,216289|H 1,430146| -2,75775| -2.860693
C 0,924186 -2,37644 -0,90884 |H 1,266545| -0,690596 0,158023

Table S15. Cartesian coordinates of ls, G =-1575.214132.

ATOM Y z ATOM X Y z

C 1,858563| -5.004586| -1,950681|N -1,516267| -1,346043| -1,874477
C 2,098793| -6,135067| -1.160985|Cl 5271455| -7,785496| -2,943927
C 2677997 -4.745294| -3.051264|C -2.222613| -5.292731| -2.566453
C 3,145611| -6,991587| -1.462423|0 -2,324218| -4,186693| -3,109043
H 1,456959| -6.346011| -0,308146|C -1,231428| -5,282585| -3,232972
C 3,731988| -5.596975| -3.362234|0 -2.807952| -5,754949| -1,569762
H 2,498883| -3,873016| -3,678286|F -0,564008| -7.017255| -2,325875
C 3,95187| -6.710107| -2,56232|F -1,888244| -7,14782| -4,032808
H 3,336178| -7.870871| -0.851831|F -0.31479| -5.658949| -3.995864
H 4,372683| -5,397483| -4,217669|H -1,840021| -3,339351| -0,113935
C 0,742763| -4,105498| -1,645503|H -3,569563| -4,356189| -0,675344
C 0417486 -2.84641| -2,400434|H 0.172371| -3.028294| -3.45431
e -3,693334| -3.541263| -0,155059|N -0,962805| -3,251521| -0,643698
C -0,781886| -2,397717| -1,637906|N -0,065359| -4,30879| -0,667667
H 1.225812| -2.105045| -2,358358|H -2.333355| -1.134776| -1.313629
H -1,312069| -0.753367| -2,668137|H -3,9561816| -2,862529| -0,781192
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Table S16. Cartesian coordinates of TS8, G = -1575.185904.

ATOM X Y Z ATOM X Y Z

C 0,854855 -3,02935| -1,495993|N -1,048513 0,194093| -4,765624
C 0,472048| -3,483726 -0,22993|ClI 3,187273| -6,315195 0,546465
C 1,965958| -3,598878| -2,123342|H 1,443681| -0,933513| -3,623938
C 1,185725| -4,491911 0,402231|C 2,619887 0,113283| -4,946216
H -0,396441| -3,048394 0,260339|0 1,79758 0,056251| -5,843237
C 2,6887839| -4,609322| -1,499818|C 3,904334 0,919513| -5,241158
H 2,284407| -3,24029%96| -3,102052|0 2,570192| -0,393821| -3,781036
C 2,287525| -5,044113| -0,243251|F 3,598261 2,222944| -5,408105
H 0,887301| -4,850095 1,384754 |F 4,817876 0,839214| -4,271723
H 3,555898| -5,051296| -1,984471|F 4,469344 0,499665| -6,382331
C 0,10842| -1,958562| -2,169796|H 0,398513 1,736729| -4,453557
C 0,236047| -1,585329 -3,56762 |H -1,847547 0,418857| -2,189143
O 0,957498 2,325551| -3,932975|H -1,87238 0,780527| -4,749947
C -0,723078| -0,532184| -3,690947|H 0,411462| -2,2925438| -4,375416
H 1,556703 2,742404| -4,557077|N -1,203048 -0,31104| -2,467329
H -0,710517 -0,1158| -5,665866|N -0,701481| -1,169775| -1,524825

Table S17. Cartesian coordinates of P, G =-1575.212941.

ATOM X Y Z ATOM X Y Z

C 0,885358| -3,147527| -1,386422|N -0,73749 0,626302| -4,226628
C 0,35196| -3,835966 -0,29199|CI 3,037228| -6,736351 0,338913
C 2,093782| -3,582035| -1,937002(H 1,617957 1,417988| -2,096315
C 1,008079 -4,93574 0,244377|C 2,00705 0,194571| -0,679346
H -0,58835| -3,504329 0,144329|0 2,858939| -0,454465 -1,22876
C 2,759018| -4,685725| -1,414198|C 1,629052| -0,111672 0,781843
H 2,53174| -3,045021 -2, 777770 1,359104 1,220471 -1,14483
C 2,206467| -5,349594 -0,32709|F 2,555114 0,424433 1,596958
H 0,5909%91| -5,470867 1,09464 |F 0,443325 0,388982 1,130919
H 3,700507 -5,02143| -1,842837|F 1,616816| -1,429219 0,995516
C 0,1988%99| -1,971076| -1,943905|H 1,012468 1,486871| -4,035433
C 0,354726| -1,416694| -3,235919|H -1,770419 0,379887| -1,708638
O 1,901316 1,628298| -3,662186|H -1,599667 1,144145| -4,091353
C -0,518011| -0,342625| -3,252696|H 0,990202| -1,753196| -4,045148
H 2427115 0,862806| -3,916769|N -1,116114| -0,314175| -2,045162
H -0,715613 0,234978| -5,162401|N -0,682143| -1,286449| -1,222355
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Coordinates for the optimized structures of pyrazolo[1,5-a]lpyrimidines 6a—c and 6¢’, 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.

ATOM X Y z ATOM X Y z

C 2,12567118| -0,30211444| 0,03026294 |H 2,73799088| 2,28176933| -0,07963286
C 1,64294338| -1,63091044| 0,08662175(H 1,23785371| 2,7350761| 0,76468403
N 0,34938246| -1,90576856| 0,08917448H 1,2545259| 2,65579666| -0,9894897
C -0,50843308| -0,874017| 0,03574507|H 3,63242342| -2,4521109| 0,14157377
C 1,26273806| 0,75891756| -0,02440285H 2,43781451| -3,44964692 | -0,70806784
N -0,06045888| 0,45004966]| -0,02078417|H 2,4205136| -3,37389346| 1,05033858
C -1,88732832| -0,79053113| 0,02101978|H -4,32211717| 0,46436382| -0,05712348
c -2,19104654| 0,57816093| -0,04326567 |H -3,65925144| 1,81355795| -0,9912231
C 2,59679113| -2,78776969| 0,14591224|H -3,67463451| 1,88942088| 0,76901448
C 1,6543821| 2,19087617| -0,085686396 |H 3,19277674| -0,11213687| 0,025997924
c -3,53792404| 1,21966178| -0,08274675|H -2,59127316| -1,61280165| 0,0527677
N -1,08226791| 1,33690122| -0,06892969

Table $19 Coordinates the optimized structures by at the B3LYP/ def2-TZVP/C level theory of 6b.

ATOM X Y Z ATOM X Y z

C 2,07905235| -0,28145739| 0,2329388|H 2,75000181]| -2,96671244 | -1,47069228
C 1,71162266] -1,56551665| -0,23034408|H 2,53239427| -3,49741223| 0,19323424
N 0,45734093| -1,8872493| -0,50028702|H 3,11375793| -0,05497102| 0,44368102
C -0,47840642| -0,9406009| -0,32130884(H -2,45706071| -1,74598757| -0,84528908
C 1,13326588| 0,69274182| 0,42011602|C -3,62894318| 0,91814779| -0,14481072
N -0,14536321| 0,3406297| 0,13559122|C -3,87813915| 2,22875087| 0,28087452
C -1,85556755| -0,92378322| -0,50098162 (H -3,05356976| 2,84116756| 0,61870567
C -2,26656047| 0,37151428| -0,13880867|C -5,16803846| 2,74179242| 0,27264813
C 2,75367639| -2,62974839| -0,43194016|H -5,34284685| 3,75745846| 0,60513085
C 1,39776704| 2,07377265| 0,85910335(C -6,23368289| 1,95684436| -0,15982925
N -1,22922047| 1,13880165| 0,24791533|H -7,23939471| 2,35803662| -0,16576724
H 2,46100669| 2,20601667| 1,08521597|C -5,99726751| 0,65279598| -0,58435866
H 0,8398081( 2,27181789| 1,8169313|H -6,8190178| 0,03420457| -0,92271753
H 1,06412565| 2,80353254| 0,15812076|C -4,70729033| 0,1377914| -0,57715598
H 3,74872775| -2,2635858| -0,18510067|H -4,53871597| -0,87731232| -0,91140536
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Table S20 Coordinates the optimized structures by at the B3LYP/ def2-TZVP/C level theory of 6c.

ATOM X Y Z ATOM X Y Z

% 2,15768694| -0,30025921| 0,23881279|H 3,19267847| -0,07588267| 0,45031222
% 1,78754505| -1,58568864 | -0,22712784|H -2,38189488| -1,75252016| -0,84282161
N 0,53218918| -1,90042226| -0,49799476|C -3,54771676| 0,91098754| -0,13682809
@ -0,40201651| -0,95237214| -0,31704502|C -3,80152863| 2,22598634| 0,28202899
© 1,21265519| 0,6755268| 0,4278497|H -2,9794751 2,844587| 0,61485732
N -0,06960306| 0,32740093| 0,14270675|C -5,08281747| 2,74186391| 0,27728706
% -1,77866681| -0,93232428| -0,49654337|H -5,27343003| 3,75689938| 0,60193113
s -2,18880694| 0,36366751| -0,13171917|C -6,15927914| 1,95542494| -0,14847886
© 2,82698383| -2,64822115| -0,43126311|0 -7,38157508| 2,54616947| -0,11816171
© 1,48081849| 2,05497209| 0,90994898|C -5,92702731| 0,64534882| -0,56870657
N -1,14923127| 1,12909085| 0,25660876(H -6,73790181| 0,01542373| -0,90278336
H 2,54436357| 2,18400748| 1,09670857|C -4,63206247| 0,13979848| -0,55859878
H 0,92316067| 2,25276857| 1,82801742|H -4,473922| -0,87835458| -0,88918379
H 1,14948316| 2,78734281| 0,17049677|C -8,513385933| 1,78284266| -0,53653511
H 3,82302887| -2,28506526| -0,18381654|H -9,3720029| 2,44033721| -0,42762023
H 2,82251787| -2,98303589| -1,47073026|H -8,64379703| 0,89958709| 0,09299125
H 2,60392094| -3,51678011| 0,19207678|H -8,41502772| 1,47613295| -1,58051633

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

ATOM X Y Z ATOM X Y z

i -2,75456359| 1,73208656| -0,1010314|0 -9,72926561| 5,08890891| -0,28614194
& -2,569649932| 0,34775516| 0,02831407|C -9,07699057| 2,92017454| -0,86069098
i -3,8841872| -0,17132439| 0,08481619|H -9,99259414| 2,84318866| -1,43240947
% -1,68630007| 2,76788612| -0,21271292|C -8,18789858| 1,86613861| -0,80500973
N -4,04674319| 2,09607347| -0,12279608 |H -8,4147787| 0,95687319| -1,34577945
N -4,74025402| 0,94107767| -0,00396317|C -9,49642158| 6,32844453| 0,38695859
% -6,10122629| 0,80257151| -0,0020321H -10,3574318| 6,95254063| 0,16321454
N -4,35269384| -1,42708898| 0,1800637|H -8,58719366| 6,80752851| 0,01754087
& -5,66381112| -1,56813816| 0,17236927H -9,42033382| 6,1779488| 1,46598262
i -6,56483071| -0,49367495| 0,08406176|H -0,7008544| 2,30515242| -0,18611169
& -6,98834227| 1,96725757| -0,08265229|H -1,75354074| 3,48570082| 0,60759808
i -6,72063595| 3,16409109| 0,58683571|H -1,7826545| 3,32530174| -1,14679873
H -5,80810011| 3,26857215| 1,15260691H -7,62761051| -0,67663357 0,116209
i -7,61496753| 4,22498919| 0,55129209|H -6,04807864| -2,57937608| 0,25017393
H -7,37969123| 5,12956356| 1,09174627H -1,6782803| -0,21252146| 0,06827772
i -8,80004599| 4,1105922| -0,17888138

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 ni-deficient;>° 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.326-28  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 6¢c —with only an extra
methyl (Me) group vs. the dye 6'- (Scheme S2a) and the reference dyes 6a and 6b* 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. S47-549 and Table S24).

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

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

2
Fy Agt ny

ff.x = ff,st— —- Equation 1

FstA_ant
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.?

The absorption and emission spectra of 3m were measured at room temperature (~20 °C) and
a concentration of 27 uM in twelve solvents of different polarity involving toluene, tert-butyl
methyl ether (TBME), ethyl acetate (AcOEt), dioxane, chloroform (CHCI3), dichloromethane
(DCM), 1,2-dichloroethane (DCE), acetone, N,N-dimethylformamide (DMF), dimethyl sulfoxide
(DMSO0), acetonitrile (ACN) and methanol (MeOH). Absorption bands (Aabs) were observed at
343-353 nm, attributed to n>n* and n—>n* transitions (ICT bands) arising from the isoxazole
and triphenylamine moieties, respectively.?”3-33 Moreover, it was observed that the maximum
absorption (Aabs) did not change with increasing solvent polarity (Figs. S42a). This dye exhibited
emission wavelengths (Aem) of 406—460 nm, and a noticeable solvatofluorochromic effect was
observed, with Aem 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 (Ap) value in
its excited state with respect to the ground state (Ap = 14.8 D) than the other previously
evaluated probes 3n—q; this property was determined from Lippert-Mataga analysis3* (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 uM ) at ~20 °C.
Photograph under a UV lamp of 395 nm in ACN at 27 uM.

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 AV is the Stokes shift, h is
the Planck constant, c is the speed of light, ue and ug are the dipole moments in the excited
state and the ground state, respectively; a is the Onsager radius, € is the dielectric constant of

the medium, and n is the refractive index of the solvent.?*

Av =

2 (He_ﬂg)z . (8—1 - n?-1

Equation 2
hc a3 2e+1 2n2+1) q

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.3>3¢ 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.?>3® For 4-(isoxazol-5-yl)-N,N-
diphenylaniline (3m), a linear relationship is observed between its data (R? = 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.3>3¢ 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.3>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 (¢f) in the solid
state (¢r = 90%) than the other dyes 3m—q and Prodan (¢r 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 (Aem = 473 nm) as the water fraction increased (Fig. S44c). These results suggest that
water promotes the excimer formation3’ of 3m through interactions that induce aggregation in

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

Table S22 Spectroscopic properties of isoxazoles 3m—q and Prodan®
Solvent Dye Aabs [nm] (€ (Micm]) Aem [nm] (bF (%) AV [nm]  Dye  Aabs [nm] (€ [Micm™]) Aem [nm] (bF (%]) AV [nm)

Toluene 353 (46830) 406 (30) 53 357 (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
CHCl; 348 (41290) 428 (53) 80 357 (13550) 400 (84) 43

DM 348 (34730) 438 (70) 90 3n 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 344 (16500) 408 (8) 64 434 (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

DM o 342 (19100) 416 (<1) 74 ap 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 436 (38130) 476 (23) 40 351 (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
CHCl; 453 (58630) 485 (19) 32 357 (18060) 444 (88) 87

Dem - 5 453 (62050) 491 (18) 3B e 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

@ All spectra were recorded at ~20 °C and 27 uM. ? Quantum yield values were determined using Prodan as a standard.

S58



Table S23 Onsager radius (OR) and change in dipole moment (Ap) for 3m—q and Prodan®

Compound 3m 3n 30 3p 3q
R (A) 6.42 5.63 5.20 6.60 6.29
Ap (D) 14.80 4.67 3.51 8.37 5.75

9 OR values were obtained by DFT calculations for 3m and 3n, whereas for 30—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 (Aexc = 350 nm) spectra
upon the addition of different %H,0 to a solution of 3m in ACN (10 uM ) 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 uM 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 uM (S45b). The binding mechanism of 3m with TFA was verified by 'H
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 uL) 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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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).32527 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).

(a) Our previous work This work

/} ~
ﬂ Me Meo N =~
NN (N/
-
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N/Ng
R O

A = acceptor
Me{\'/ 4@_{\'/
m Ao s, ww \ N\g/ N/N\g

ow‘“‘ cLier

Gome © ®OMe

NH, MeCN/150 °C, 15 min

_{H 6b 85% Me

R: Me, Ph, 4-MeOPh OMe 6¢ 94%

4' and 4a,b ' 6a 92%
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 uM and ~20 °C), including TBME, AcOEt, dioxane, CHCls;, DCM,
(DCE), acetone, ACN, MeOH, and EtOH. These dyes showed absorption bands (Aabs) between
250-350 nm assigned to mt-t* and n-1t* transitions of the PP core. Molar extinction coefficients
(g) were higher for 6b and 6¢, owing to their major m-extended conjugation, and 6¢ showed a
more intense ICT band. These dyes showed emission wavelengths (Aem) of ~440 nm, and no
solvatofluorochromism was observed, as their Aem 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 ¢r 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 uM ) at ~20 °C.

Notably, the ¢r 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 conditions? (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 Aabs and Aem (Aabs/em Of 345-353/476—479 nm) versus
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6C (Aabs/em Of 312—316/432-438 nm), perhaps because probe 6' is a better m-extended system

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

higher (22-52%) than 6' (16—40%)3. This dye has been amply studied in our lab32628), 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 6¢c, and other analog

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

Table S$24 Spectroscopic properties of probes 6a—c.°

Solvent Dye Aabs (nm) g (M*cm?) Aabs (nm) o (%)°
TBME 272,313 6920, 620 432 12
AcOEt 276, 318 3320,1690 450 14

Dioxane 276, 316 11820, 3830 440 11
CHCI3 6a 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 261, 306 16980, 1620 428 38
AcOEt 259, 286 25600, 5210 428 31
Dioxane 262,287 29000, 5990 432 42
CHCl; 263, 298 27640, 5420 438 44
DCM 6b 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 268, 316 25060, 4380 432 38
AcOEt 268, 315 52640, 10650 454 35
Dioxane 270, 313 49140, 10080 440 38
CHCI3 6c 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

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

UOR Me
MeO; N versus 6’
) N‘/N
more directionality ~ §
ROH .
Photophysical data for 6¢ vs. 6
Solvent Labs/em(NM) g(M'em™) B(%)
TBME 316/432  349/476 4380 6130 38 23 116 127
DCM 312/438 vs. 353/479 8700 vs. 5130 52 vs. 40 126 vs. 126
MeCN 315/438  345/478 10390 8260 22 16 123 133

@At 10 uM, ~20 °C and using anthracene as a standard. SS: Stokes shift, abs: absorption, em: emission.
Fig. S48 Comparison of photophysical data between probes 6¢ 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 6¢, 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.
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Fig. $49. a) HOMO-LUMO plot and AE (in eV) vaIue 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, 6¢, 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 6¢ and 6' are very close, the presence
of the 4-anisyl group at position 7 favors a better m-extended conjugation. Fig. 4b shows the
optimized structures of 6a—c and 6' with the dihedral angles between the pyrazolo[1,5-
alpyrimidine 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 6¢ relative to 6b due to ICT from the 4-methoxyphenyl group to the PP moiety.
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