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1. General Information

Unless otherwise stated, all chemicals were purchased and used without further purification.
Anhydrous solvents were either purchased or dried over standard drying agents and freshly distilled
prior to use. Reactions were monitored by TLC (Silica gel 60 F.s4, Merck KGaA, Darmstadt, Germany),
GC (GC-2025, Shimadzu, Kyoto, Japan with quartz capillary column HP-5MS, Agilent Technologies,
Santa Clara, California, USA) and GC-MS (GCMS-QP2010, Shimadzu, Kyoto, Japan with quartz capillary
column HP-5MS, Agilent Technologies, Santa Clara, California, USA). Flash column chromatography
was performed on Silica Gel 60 M (40—63 um, Machery-Nagel GmbH & Co., Diren, Germany) with a
Biichi Sepacore system with Biichi Control Unit C-620, Biichi UV photometer C-635, Biichi fraction
collector C-660 and two Biichi Pump Modules C-605 (Biichi-Labortechnik GmbH, Essen, Germany) or
on a pre-packed PURIFLASH C18-HP 30 UM F0080 flash column (/nterchim, Montlucon Cedex, France)
with a Biichi Sepacore system in the same setup as described before. *H, *3C, °F and 3P NMR spectra
were acquired on a Bruker Avance Il HD 300, Avance 11 400, Avance Il HD 400 or Avance Ill 600 (Bruker,
Karlsruhe, Germany) in CDCl;, DMSO-ds, CD,Cl,, CDsCN, (CD3)2CO or CDs0D at 25 °C with the solvent
residual peaks as internal reference for H and 3C NMR spectra. Mass spectra via electrospray-
ionization (ESI+/-) or atmospheric pressure chemical ionization (APCl+/-) mass spectrometry were
recorded using an Agilent 6545 QTOF-MS (Agilent, Santa Clara (CA), USA).

Parameter screenings of the electrolytic conditions were performed using an IKA Screening System
Package (IKA-Werke GmbH & Co. KG, Staufen, Germany, Figure S1 left and center) with electrodes the
size of 70 mm x 10 mm x 3 mm. The apparatus and detailed construction information is reported in
literature.! The electrode surfaces were cleaned prior use. Isostatic graphite (Cgr, Sigrafine™ V2100,
SGL Carbon, Bonn, Germany) was wet-polished with sandpaper (grade 1000 + 1200, Bosch, Stuttgart,
Germany), rinsed with acetone and the abrasion was wiped off with a paper towel until the latter was
not stained anymore. Glassy carbon (Cg, SIGRADUR™ G, HTW, Thierhaupten, Germany), DSA
electrodes (DeNora, Milano, Italy) were rinsed with several solvents and wiped with a paper towel.
Boron-doped diamond (BDD, DIACHEM™, 15 um diamond layer on silicon support, CONDIAS GmbH,
Itzehoe, Germany) was conditioned by electrolyzing as anode in 20% aqueous sulfuric acid (10 C/cm?,
10 mA/cm?) and subsequently rinsed with water.

Constant current electrolyses for scope and scale-up experiments were carried out in beaker-type cells
(SynLectro™, Merck KGaA, Darmstadt, Germany, Figure S1, right) using TDK-Lambda Z+ series (TDK-
Lambda UK Limited, Devon, UK) or multichannel power supply HMP4040 (Rohde & Schwarz, Miinchen,
Germany) as power sources.

Figure S1: Schematic illustration of a screening block with undivided cells (left); Undivided teflon screening cell with BDD
electrodes (center); jacketed beaker-type cell (1.5 — 3.75 mmol scale, 25 mL reaction volume) and beaker-type cell
(26.25 mmol scale, 175 ml reaction volume) for scale-up (right).
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2. Calibration of Gaschromatographic Yields

The evaluation of the GC yields was achieved by external calibration with 1,3,5-trimthoxybenzene as
internal standard. Stock solutions of 1,3,5-trimethoxybenzene, ethyl glyoxylate phenylhydrazone (6),
ethyl 1H-1,5-diphenyl-4,5-dihydro-pyrazole-3-carboxylate (4a) and ethyl 1H-1,5-diphenyl-pyrazole-3-
carboxylate (5a) were prepared in ethyl acetate (Table S1). Different quantities of the stock solutions
were transferred to GC vials (Table S2) and filled with acetonitrile (approx. 1 mL). Each vial was
analysed three times and for each substance the mean value of the peak areas A from these three runs
was used as a calibration point. The calibration factors k for each substance were determined
according to equation (1) (Figure S2) and can be found in Table S3.

Nanalyte —k Aanalyte (1)

Nstandard Astandard

Table S1: Stock solutions for external calibrations using gas chromatography.

# substance m/mg | n/ mmol | Vient / mL c/ mm
stock 1 1,3,5-trimethoxybenze 3000.3 17.84 100 178.4
stock2 | ethyl glyoxylate phenylhydrazone (6) 62.1 0.32 10 323

ethyl 1H-1,5-diphenyl-4,5-dihydro-
pyrazole-3-carboxylate (4a)
ethyl 1H-1,5-diphenyl-pyrazole-3-
carboxylate (5a)

stock 3 46.1 0.157 5 313

stock 4 45.5 0.156 5 311

Table S2: Calibration solutions for ethyl glyoxylate phenylhydrazone (6), ethyl 1H-1,5-diphenyl-4,5-dihydro-pyrazole-3-
carboxylate (4a) and ethyl 1H-1,5-diphenyl -pyrazole-3-carboxylate (5a), internal standard: 1,3,5-trimethoxybenzene.

# VStock 1 / IJ-I- VStockZ / IJ-I- VStock3 / IJ-I- # vStock 1 / IJ-L VStock4 / |J-|-
calibration 1 10 30 30 calibration 9 10 30
calibration 2 10 60 60 calibration 10 10 60
calibration 3 10 90 90 calibration 11 10 90
calibration 4 10 120 120 calibration 12 10 120
calibration 5 10 150 150 calibration 13 10 150
calibration 6 10 190 190 calibration 14 10 190
calibration 7 10 225 225 calibration 15 10 225
calibration 8 10 260 260 calibration 16 10 260

Table S3: Calibration factors for hydrazone 6, pyrazoline 4a and pyrazole 5a used in the screening experiments.

substance k
ethyl glyoxylate phenylhydrazone (6) 1.9299
ethyl 1H-1,5-diphenyl-4,5-dihydro-pyrazole-3-carboxylate (4a) | 0.3905
ethyl 1H-1,5-diphenyl-pyrazole-3-carboxylate (5a) 0.4155
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Figure S2: GC calibration for hydrazone 6, pyrazoline 4a and pyrazole 5a used in the screening experiments (internal standard:
1,3,5-trimethoxybenzene).

3. Standard Operating Protocols

SOP1: Screening for Suitable Electrolytic Conditions

In 5 mL PTFE cells, the respective pyrazoline was dissolved in a mixture of organic solvent and aqueous
sodium halide solution at a given temperature under vigorous stirring (magnetic stirrer set to approx.
1000 rpm). The mixture was subjected to galvanostatic electrolysis using electrodes with a relevant
surface area of 1.38 cm? (surface: 70 mm x 10 mm, immersion depth of 1.38 cm). The biphasic mixture
was allowed to cool to room temperature and transferred to a separatory funnel, the cell was rinsed
with ethyl acetate. 1 mL of a solution of 1,3,5-trimethoxybenzene (3.000 g/100 mL ethyl acetate) was
added as internal standard and the mixture shaken briefly. After separation of the layers, the organic
fraction was dried over anhydrous magnesium sulphate and filtered. An aliquot was filtered through
silica and subjected to GC analysis for quantitative analysis.

SOP2: Synthesis of Pyrazole Derivatives (Protocol A)

In a 25 mL jacketed beaker-type cell equipped with a cross-shaped stirring bar, the respective
pyrazoline was dissolved in ethyl acetate (5 mL). Pyridine (0.4 eq.) and 1 M aqueous sodium chloride
solution (20 mL) were added, and the reaction mixture heated to 70 °C. BDD plates (size: 60 x 20 x
3 mm) were used as anode and cathode with an immersion depth of 2.7 cm and a relevant anode
surface area of 5.4 cm?. Constant current electrolysis was carried out at 70 °C and vigorous stirring
(1000 rpm), applying a current density of 15 mA/cm? and 3.25 F (573 C). The biphasic mixture was
allowed to cool to room temperature and transferred to a separatory funnel. The layers were
separated, and the aqueous layer extracted with ethyl acetate (2 x 15 mL). The combined organic
fractions were dried over anhydrous magnesium sulphate, filtered and the solvent was removed under
reduced pressure. The crude product was purified by recrystallization or flash column
chromatography.
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SOP3: Synthesis of Pyrazole Derivatives (Protocol B)

In a 25 mL jacketed beaker-type cell equipped with a cross-shaped stirring bar, the respective
pyrazoline was dissolved in ethyl acetate (5 mL). Pyridine (0.4 eq.) and 1 M aqueous sodium bromide
solution were added, and the reaction mixture heated to 70 °C. BDD plates (size: 60 x 20 x 3 mm) were
used as anode and cathode with an immersion depth of 2.7 cm and a relevant anode surface area of
5.4 cm?. Constant current electrolysis was carried out at 70 °C and vigorous stirring (1000 rpm),
applying a current density of 15 mA/cm? and 3.25 F (573 C). The biphasic mixture was allowed to cool
to room temperature and transferred to a separatory funnel. The layers were separated, and the
aqueous layer extracted with ethyl acetate (2 x 15 mL). The combined organic fractions were dried
over anhydrous magnesium sulphate, filtered and the solvent was removed under reduced pressure.
The crude product was purified by recrystallization or flash column chromatography.

SOP4: Synthesis of Pyrazole Derivatives (Protocol C)

In a 25 mL jacketed beaker-type cell equipped with a cross-shaped stirring bar, the respective
pyrazoline was dissolved in ethyl acetate (5 mL). Pyridine (0.4 eq.), 1 M aqueous sodium chloride
solution (10 mL) and 1 m aqueous sodium iodide solution (10 mL) were added, and the reaction
mixture heated to 70 °C. BDD plates (size: 60 x 20 x 3 mm) were used as anode and cathode with an
immersion depth of 2.7 cm and a relevant anode surface area of 5.4 cm?. Constant current electrolysis
was carried out at 70 °C and vigorous stirring (1000 rpm), applying a current density of 15 mA/cm? and
3.25 F (573 C). The biphasic mixture was allowed to cool to room temperature and transferred to a
separatory funnel. The layers were separated, and the aqueous layer extracted with ethyl acetate (2 x
15 mL). The combined organic fractions were dried over anhydrous magnesium sulphate, filtered and
the solvent was removed under reduced pressure. The crude product was purified by recrystallization
or flash column chromatography.

SOP5: Synthesis of Chalcones

The synthesis was performed analogous to a previously described procedure.?

In a 100 mL round bottom flask, 20 mmol (1.0 eq.) of the respective acetophenone and 20 mmol
(1.0 eq.) of the respective benzaldehyde were dissolved in ethanol (40 mL). The solution was cooled to
0°C in an ice bath and 20 mmol (1.0 eq.) sodium hydroxide dissolved in water (40 mL) were added
while stirring. The mixture was stirred overnight at room temperature and filtered afterwards. The
solid was washed with water, dried open to air and, if necessary, recrystallized.

SOP6: Conventional Synthesis of Pyrazolines

The synthesis was performed analogous to a previously described procedure.?

In a 100 mL round bottom flask, 10 mmol (1.0 eq.) of the respective chalcone and 10 mmol (1.0 eq.) of
the respective substituted hydrazine hydrochloride were dissolved in ethanol (30 mL) and 10 mmol
glacial acetic acid (1.0 eq.) were added. The mixture was refluxed overnight. After cooling to room
temperature, the product was filtered off, the solid was washed with water and dried open to air.
Unless stated otherwise, the product was used for the next step without further purification.

SOP7: Electrochemical Synthesis of Pyrazolines

The synthesis was performed analogous to the recently described protocol. A fourfold scale-up was
done compared to the described reaction.*

In a 100 mL jacketed beaker-type cell equipped with a cross-shaped stirring bar, ethyl glyoxylate
phenylhydrazone (6, 12 mmol, 2.31 g, 1,0 eq.) and the respective alkene (32.4 mmol, 2.7 eq.) were
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dissolved in ethyl acetate (20 mL). 1 M aqueous sodium iodide solution (80 mL) was added. Isostatic
graphite electrodes (80 x 34 x 5 mm) with an immersion depth of 6 cm and a relevant surface area of
20.4 cm? were used. Constant current electrolysis was performed at 25 °C and 800 rpm, with a current
density of 35.0 mA cm™ until a charge of 5.0 F (5789 C) was applied. The reaction mixture was
transferred to a separatory funnel and the layers were separated. The aqueous layer was extracted
with ethyl acetate (1 x 50 mL). The combined organic fractions were dried over anhydrous magnesium
sulphate, filtered and the solvent was removed under reduced pressure. The crude product was
purified by flash column chromatography.

4. Optimization of Pyrazole Syntheses
4.1. Oxidation of Ethyl 1H-4,5-dihydro-1,5-diphenyl-pyrazole-3-carboxylate (4a)

4.1.1. Screening for Electrode Material, Solvent and Mediator

Screening reactions were carried out according to SOP1 using ethyl 1H-4,5-dihydro-1,5-diphenyl-
pyrazole-3-carboxylate (4a, 0.34 mmol, 100 mg) as test substrate (Table S4 & Table S5). Unless stated
otherwise, yields were determined using GC analysis with external calibration (internal standard: 1,3,5-
trimethoxybenzene).

Table S4: Screening of halide source, solvent, and temperature. Reaction conditions: graphite electrodes, 20 mA/cm?2, 4 F.

Organic solvent Halide source Concentration? T/°C Yield®
EtOAC Nal im 25 0%
EtOACc NaBr 1m 25 0%
EtOACc Nal / NaBr 0.5mM/0.5Mm 25 0%
EtOAC Nal / EtsNI 0.95m/0.05m 25 0%
EtOAc NaBr / Et4NBr 0.95m/0.05m 25 1%
EtOAcC NaBr 1wm 65 2%
EtOAC NaCl im 25 26%
EtOAc NaCl 1M 65 38%
EtOAC NaCl 2.5M 65 34%
EtOAC NaCl / Nal 0.5M/0.5M™m 65 0%

Toluene NaCl / NaOH I1mM/1m 100 0%

aConcentration referring to the aqueous layer (phase ratio aqueous/organic 4:1).
b Determined using GC analysis with external calibration; internal standard: 1,3,5-trimethoxybenzene.

Table S5: Screening of electrode materials. Reaction conditions: EtOAc/ 1 m NaCl (aq.) 1:4, 70 °C, 20 mA/cm?, 4 F.

Anode Cathode Yield®
graphite graphite 59%
glassy carbon glassy carbon 0%
BDD BDD 62%
DSA (IrO;on Ta) graphite 43%
DSA (Ru-Ir mixed oxide on Ta) graphite 57%
DSA (Ru-Ir mixed oxide on Ta) VA1.45571 49%
DSA (Ru-Ir mixed oxide on Ti) graphite 55%

a Determined using GC analysis with external calibration; internal standard: 1,3,5-trimethoxybenzene.

4.1.2. Optimization via Design of Experiment (DoE)

Further reaction optimization with regards to current density, amount of charge and temperature was
carried out using design of experiments (DoE). To investigate three factors, a fractional factorial design
was chosen (2% resolution of lll with central point and rotatable axis points, Table S7, Figures S3 & S4)
and expanded to a response surface design. Reactions were carries out according to SOP1 using ethyl
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1H-4,5-dihydro-1,5-diphenyl-pyrazole-3-carboxylate (4a, 0.34 mmol, 100 mg) as test substrate, each
data point was acquired thrice. Afterwards, a target optimization was done (Table S7).

Table S6: DoE screening for oxidation of pyrazoline 4a. Reaction conditions: BDD electrodes, EtOAc / 1 m NaCl (aq.) 1:4,

Experiment Run T/°C j/ mA/cm? Q/F Yield® Conversion?
1 46 20.0 3.25 50% 95%
1 2 46 20.0 3.25 50% 95%
3 46 20.0 3.25 52% 94%
4 50 15.0 4.00 56% 100%
2 5 50 15.0 4.00 55% 100%
6 50 15.0 4.00 57% 93%
7 50 25.0 2.50 47% 91%
3 8 50 25.0 2.50 45% 88%
9 50 25.0 2.50 43% 82%
10 60 12.9 3.25 68% 100%
4 11 60 12.9 3.25 65% 100%
12 60 12.9 3.25 66% 100%
13 60 20.0 2.19 55% 84%
5 14 60 20.0 2.19 50% 82%
15 60 20.0 2.19 51% 81%
16 60 20.0 3.25 54% 100%
6 17 60 20.0 3.25 59% 100%
18 60 20.0 3.25 57% 100%
19 60 20.0 431 54% 100%
7 20 60 20.0 431 55% 91%
21 60 20.0 431 57% 93%
22 60 27.1 3.25 51% 100%
8 23 60 27.1 3.25 47% 95%
24 60 27.1 3.25 47% 96%
25 70 15.0 2.50 73% 100%
9 26 70 15.0 2.50 70% 100%
27 70 15.0 2.50 75% 100%
28 70 25.0 4.00 52% 100%
10 29 70 25.0 4.00 51% 100%
30 70 25.0 4.00 55% 100%
31 74 20.0 3.25 62% 100%
11 32 74 20.0 3.25 62% 100%
33 74 20.0 3.25 61% 98%

a Determined using GC analysis with external calibration; internal standard: 1,3,5-trimethoxybenzene.
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Figure S3: Pareto chart (left) and main effect plot (right) for temperature (°C), current density (mA/cm?2) and amount of Charge
(F). Yields (%) determined using GC analysis with external calibration; internal standard: 1,3,5-trimethoxybenzene.
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Figure S4: Contour plot for the DoE-based optimization of for temperature (°C), current density (mA/cm?) and amount of
Charge (F). Yields (%) determined using GC analysis with external calibration; internal standard: 1,3,5-trimethoxybenzene.

Table S7: Response optimization with regards to maximization of yield. Comparison of optima.

T/°C j/ mA/cm? Q/F Yield
74 12.9 2.21 62%*
70 12.9 2.32 65%°
70 12.9 2.50 51%*
70 15.0 2.50 73%*°
70 15.0 3.25 69%°¢

a Determined using GC analysis with external calibration; internal standard: 1,3,5-
trimethoxybenzene.

b Average yield after three runs.

¢lsolated yield; 1.70 mmol scale 5 mL EtOAc/ 1 m NaCl (aq.).
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4.1.3. Further Optimization: Screening of Additives

Screening reactions were carried out according to SOP1 using ethyl 1H-4,5-dihydro-1,5-diphenyl-
pyrazole-3-carboxylate (4a, 0.34 mmol, 100 mg) as test substrate and the previously determined
optimized reaction conditions (Table S8). Unless stated otherwise, yields were determined using GC
analysis with external calibration (internal standard: 1,3,5-trimethoxybenzene).

Table S8: Screening of quaternary ammonia salts as additives.

Ph Ph
NN BDD || BDD, 15 mA/cm?, 2.5 F, 70 °C, 1000 rpm NN
| Ph | )—Ph
EtO,C EtOAc/0.95 m aq. NaCl + 0.05 m aq. NR4CI (1:4) EtO,C
4a 5a
Co-supporting electrolyte tetraalkylammonium chloride Yield?
Me:NCl 59%
EtaNCI 48%
BuaNCI 74%
BnEt;NCl 53%

a Determined using GC analysis with external calibration; internal standard: 1,3,5-trimethoxybenzene.

The effect of base addition was examined in 25 mL jacketed beaker-type cells. 1H-4,5-dihydro-1,5-
diphenyl-pyrazole-3-carboxylate (4a, 1.70 mmol, 500 mg) was dissolved in 5 mL ethyl acetate and
20 mL 1 m sodium chloride solution was added and the reaction mixture heated to 70 °C. BDD plates
(size: 60 x 20 x 3 mm) were used as anode and cathode with an immersion depth of 2.7 cm and a
relevant anode surface area of 5.4 cm?. Constant current electrolysis was carried out at 70 °C and
vigorous stirring (1000 rpm), applying a current density of 15 mA/cm? and 3.25 F (573 C). The biphasic
mixture was allowed to cool to room temperature and transferred to a separatory funnel. The layers
were separated, and the aqueous layer extracted with ethyl acetate (2 x 15 mL). The combined organic
fractions were dried over anhydrous magnesium sulphate, filtered and the solvent was removed under
reduced pressure. The product was obtained as light-yellow solid after flash column chromatography
on silica (cyclohexane + 3% EtOAc - 5% EtOAc). The results are shown in Table S9.

Table S9: Screening of bases and base equivalents.

/N/Ph BDD || BDD /N/Ph
Mph EtOAc/1 m ag. NaCl (1:4) Mph
Et0,C 15 mA/om?, 3.25 F, 70 °C, 1000 rpm  EtO,C
4a base 5a
Base Equivalents Yield?
none - 69%
Na,CO; 0.2 55%
triethylamine 0.2 62%
pyridine 0.2 66%
pyridine 0.4 75%
pyridine 0.5 66%
pyridine 1.0 traces®

2 |solated yield
b No isolation of product due to extremely poor conversion.
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Screening for the optimum pyrazoline concentration was carried out according to SOP2 employing 1H-
4,5-dihydro-1,5-diphenyl-pyrazole-3-carboxylate (4a) as test substrate (Table S10).

Table S10: Screening for optimum pyrazoline concentration.

Ph Ph
N BDD || BDD N
)N\\)*Ph EtOAc/1 m aq. NaCl (1:4) Mph
EtO,C 15 mA/cm?, 3.25 F, 70 °C, 1000 rpm EtO,C
4a 0.4 eq. pyridine 5a
¢/ mol/L? n / mmol Yield®
0.25 1.25 56%
0.34 1.70 75%
0.75 3.75 77%
1.00 5.00 55%

2 Concentration referring to the organic layer.
b |solated yield.

5. Telescoped Two-Step Synthesis of Ethyl 1H-1,5-diphenyl-pyrazole-3-
carboxylate (5a) from Ethyl glyoxylate phenylhydrazone (6)

Ph

\ Cgr Il Cgr Ph BDD || BDD Ph
~NH EtOAc/1 m aq. Nal (1:4) / EtOAc/1 M aq. NaCl (1:4) /
N N-N NN
o | | Ph | ,)—FPh
35 mA/cm?, 5.4 F, 25 °C, 1000 rpm 15 mA/cm?, 3.25 F, 70 °C, 1000 rpm
OEt 2.7 eq. styrene Et0,C 0.4 eq. pyridine EtO,C
4a 5a

6

Step 1: Electro-synthesis of pyrazoline 4a

According to a recently described protocol, ethyl glyoxylate phenylhydrazone (6, 4.5 mmol, 865 mg, 1
eq.) and styrene (12.2 mmol, 1265 mg, 2.7 eq.) were placed in a 25 mL jacketed beaker-type cell. Ethyl
acetate (5 mL) and 1M sodium iodide (aq.) were added, and the reaction mixture was stirred
vigorously. Constant current electrolysis was performed at 25 °C using isostatic graphite electrodes
(size: 60 x 20 x 3 mm; immersion depth: 2.7 cm; relevant anode surface area: 5.4 cm?) and a current
density of 35 mA/cm? and an amount of charge of 5.4 F (2345 C) was applied. The reaction mixture
was transferred to a separatory funnel and the layers were separated. The organic layer was washed
with 20% ag. sodium metabisulfite (25 mL), dried over anhydrous magnesium sulphate, filtered and
the solvent removed under reduced pressure. The excess styrene was removed via filtration through
a pad of silica with cyclohexane and the crude pyrazoline was eluted with ethyl acetate afterwards.

Step 2: Electro-oxidation of pyrazoline 4a to the corresponding pyrazole 5a

After removing the solvent under reduced pressure, the crude pyrazoline was further oxidized
according to SOP2, applying an amount of charge of 5.25F (1772 C). After flash column
chromatography over silica with cyclohexane/ethyl acetate (3% - 5% EtOAc) the pyrazole was
obtained as a yellow solid (2.67 mmol, 780 mg, 60% over two steps).
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6. Further Mechanistic Investigations Employing Conventional Reactions with

Elemental Halogens or Interhalogens

To determine the active species involved in oxidation and bromination of pyrazoline 4c’, control
experiments employing iodine, bromine, and iodine monochloride were performed. Reaction
conditions were chosen according to the performed electrolyses in a biphasic system consisting of
ethyl acetate as organic solvent and 1 M aqueous sodium halide solutions employing conventional
halogens (2.5 eq. according to 2.5 F employed in the electrochemical reaction) as oxidants.

In a 50 mL round bottom flask, pyrazoline 4¢’ (1.5 mmol, 469 mg) was dissolved in 5 mL ethyl acetate.
20 mL aqueous sodium halide solution (1 M, aq.) and the respective halide (2.5 eq.) were added, and
the mixture heated to 70 °C under vigorous stirring. After 1.5 h, the reaction mixture was allowed to
cool to room temperature and transferred to a separatory funnel. The layers were separated, the
organic layer dried over anhydrous magnesium sulphate, filtered, and evaporated to dryness under
reduced pressure. 1,3,5-Trimethoxybenzene (0.1 mmol, 16.8 mg) was added as internal standard, the
mixture dissolved in CDCl; and an aliquot was transferred to an NMR tube. The results are shown in
Table S11.

Table S11: Control experiments for oxidation of pyrazoline 4c’ with conventional halogens. C(pyrazoline 4c’) = 1.5 mmol.

Ph N Ph N Ph N
="\ =\ =\
N 2.5eq. — N — N
+ X
Ph Ph Ph
4c' 5¢’

EtOAc/1 m ag. NaX (1:4), 70 °C

5d'
Halogen source (Xz) 1 m NaX (aq.) Yield 5¢® Yield 5d*
I, Nal 57% =
Br, NaBr 55% 35%
ICI -2 92% -

a Solely water was used.
bYield determined via *H NMR, 1,3,5-trimethoxybenzene as internal standard.

7. Mechanistic Investigations: GC-MS analysis

As described in the main text, an intermediary halogenation of pyrazolines in position 5 with
subsequent formation of pyrazoles via elimination of HCl was suspected in the first investigations. To
determine whether this halogenation occurs during the reaction, GC-MS analysis was performed after
an applied amount of charge of 1.75 F (Scheme S1).

Ph BDD || BDD Ph Ph
/ EtOAc/1 m ag. NaCl (1:4) N N

N\ Ph N\ O N\/ Ph
M 15 mA/cm?, 1.75 F, 70 °C, 1000 rpm )\)% - HCI Y/

0.4 eq. pyridine

Scheme S1: Reaction control after 1.75 F to investigate formation of potential intermediate Il using GC-MS. Intermediate Il
was not observed. Reaction conditions: ¢ (pyrazoline 4a) = 3.75 mmol, 25 mL batch-type electrolysis cell.

The obtained GC-MS results are summarized in Figure S5. GC-MS analysis showed only unconverted
pyrazoline 4a and product 5a, intermediate lll or other by-products were not observed.
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Figure S5: GC-MS analysis for reaction control. Top: gas chromatogram only two peaks; starting material (left) and product
(right). Bottom: Corresponding mass spectra for starting material 4a (left, peak at 16.263 min) and product 5a (right, peak at
16.352 min).

8. Substrate Synthesis

4’-Pivaloylaminoacetophenone (7a)

In a 250 mL round bottom flask, 4’-aminoacetophenone (40 mmol,
5.41g, 1.0 eq.) and triethylamine (56 mmol, 5.67 g, 1.4 eq.) were
dissolved in THF (80 mL). The mixture was cooled to 0 °C in an ice bath
and pivaloyl chloride (48 mmol, 5.79 g, 1.2 eq.) was added dropwise
under vigorous stirring. The mixture was stirred overnight while
warming to room temperature and filtered. The filtrate was
evaporated to dryness under reduced pressure and the residue
recrystallized from ethanol/water 1:1 (v/v, ca. 200 mL, reflux to -30 °C)
to yield the product as pale pink flakes (7.38 g, 33.7 mmol, 84%).

'H NMR (400 MHz, CDCls), 6/ppm: 7.94 — 7.89 (m, 2H, H-2’), 7.67 — 7.62 (m, 2H, H-3’), 7.62 (s, 1H,
H-5'), 2.56 (s, 3H, H-2), 1.32 (s, 9H, H-8’).

13C NMR (101 MHz, CDCl5), §/ppm: 197.1, 177.0, 142.6, 132.9, 129.8, 119.2, 40.0, 27.7, 26.6.

HRMS (APCI+), m/z: calculated for C13H17NO; + H* 220.1332 [M+H]*, found 220.1329.

Known compound, spectroscopic data corresponds to the literature.’

8.1. Synthesized Chalcones

(E)-2’-Chlorochalcone (7b)
Chalcone synthesis was carried out according to SOP5 using 2’-
cl o chloroacetophenone (20 mmol, 3.09g, 1.0eq.), benzaldehyde
' (20 mmol, 2.12 g, 1.0 eq.) and sodium hydroxide (20 mmol, 800 mg,
1.0 eq.). Instead of filtration, the mixture was evaporated to dryness
under reduced pressure and the pure product was obtained after
5 filtration through silica with cyclohexane/ethyl acetate (0% - 5%

EtOAc) as a yellow oil (4.05 g, 16.7 mmol, 83%).
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'H NMR (400 MHz, CDCls), 6/ppm: 7.60 — 7.53 (m, 2H, H-2""), 7.50 — 7.42 (m, 4H, H-3, H-3’, H-4’, H-6’),
7.42 —7.32 (m, 4H, H-5", H-3", H-4""), 7.14 (d, J = 16.1 Hz, 1H, H-2).

13C NMR (101 MHz, CDCls), §/ppm: 194.0, 146.4,139.2, 134.5,131.5, 131.4, 131.0, 130.4, 129.5,129.1,
128.7,127.0, 126.4.

HRMS (APCI+), m/z: calculated for C1sH113°CIO + H* 243.0571 [M+H]*, found 243.0572; calculated for
CisH1:37ClO + H* 245.0546 [M+H]*, found 245.0537.

Known compound, spectroscopic data corresponds to the literature.®

(E)-3’-Chlorochalcone (7c)

Chalcone synthesis was carried out according to SOP5 using 3’-
chloroacetophenone (20 mmol, 3.09g, 1.0eq.), benzaldehyde
(20 mmol, 2.12 g, 1.0 eq.) and sodium hydroxide (20 mmol, 800 mg,
1.0 eq.). After recrystallization from ethanol/water 3:1(v/v, ca.
100 mL, reflux to -30 °C), the product was obtained as faint yellow
needles (3.90 g, 16.1 mmol, 80%).

1H NMR (400 MHz, CDCls), 8/ppm: 7.99 (t, /= 1.9 Hz, 1H, H-2’), 7.89 (ddd, /= 7.7, 1.8, 1.1 Hz, 1H, H-6'),
7.83(d,J=15.7 Hz, 1H, H-3), 7.69—-7.62 (m, 2H, H-2""), 7.55 (ddd, /= 7.9, 2.1, 1.1 Hz, 1H, H-4’), 7.47 (d,
J=15.7 Hz, 1H, H-2), 7.47 — 7.41 (m, 4H, H-5, H-3"', H-4").

13C NMR (101 MHz, CDCls), 6/ppm: 189.2, 145.8,139.9, 135.0, 134.7, 132.8, 131.0, 130.1, 129.1, 128.7,
126.7,121.5.

HRMS (APCI+), m/z: calculated for CisH113°CIO + H* 243.0571 [M+H]*, found 243.0564; calculated for
C1sH1:3’ClO + H* 245.0546 [M+H]*, found 245.0537.

Known compound, spectroscopic data corresponds to the literature.’

(E)-4’-Fluorochalcone (7d)

Chalcone synthesis was carried out according to SOP5 using 4'-
fluoroacetophenone (20 mmol, 2.76g, 1.0eq.), benzaldehyde
(20 mmol, 2.12 g, 1.0 eq.) and sodium hydroxide (20 mmol, 800 mg,
1.0 eq.). The product was obtained after filtration without further
purification as a colourless powder (4.08 g, 18.0 mmol, 90%).

4 NMR (400 MHz, CDCls), 6/ppm: 8.11 — 8.02 (m, 2H, H-2’), 7.82 (d, J = 15.7 Hz, 1H, H-3), 7.70 — 7.60
(m, 2H, H-2""), 7.51 (d, J = 15.7 Hz, 1H, H-2), 7.46 — 7.38 (m, 3H, H-3”, H-4"), 7.22 — 7.14 (m, 2H, H-3’).
13C NMR (101 MHz, CDCls), 6/ppm: 189.0, 165.7 (d, J = 254.6 Hz), 145.2, 134.9, 134.7 (d, J = 2.9 Hz),
131.2 (d, J=9.2 Hz), 130.8,129.1, 128.6, 121.7, 115.9 (d, / = 21.9 Hz).

1F NMR (376 MHz, CDCl;), 6/ppm: -106.70 (tt, J = 8.2, 5.4 Hz).

HRMS (APCI+), m/z: calculated for CisH1:FO + H* 227.0867 [M+H]*, found 227.0859.

Known compound, spectroscopic data corresponds to the literature.®10

(E)-4'-Bromochalcone (7e)

Chalcone synthesis was carried out according to SOP5 using 4'-
bromoacetophenone (20 mmol, 3.98g, 1.0 eq.), benzaldehyde
(20 mmol, 2.12 g, 1.0 eq.) and sodium hydroxide (20 mmol, 800 mg,
1.0 eq.). After recrystallization from ethanol/water 5:2 (v/v, ca.
100 mL, reflux to -30 °C), the product was obtained as colourless
flakes (5.00 g, 17.4 mmol, 87%).

'H NMR (400 MHz, CDCls), 6/ppm: 7.91 — 7.87 (m, 2H, H-2’), 7.82 (d, J = 15.7 Hz, 1H, H-3), 7.67 — 7.61
(m, 4H, H-3’, H-2""), 7.47 (d, J = 15.7 Hz, 1H, H-2), 7.45 — 7.40 (m, 3H, H-3", H-4"").

13C NMR (101 MHz, CDCls), §/ppm: 189.5, 145.5, 137.0, 134.8, 132.0, 130.9, 130.1, 129.1, 128.6, 128.0,
121.6.
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HRMS (APCI+), m/z: calculated for CisH11”°BrO + H* 287.0066 [M+H]*, found 287.0057; calculated for
CisH1:%'BrO + H* 289.0047 [M+H]*, found 289.0039.

Known compound, spectroscopic data corresponds to the literature.”!

(E)-4'-lodochalcone (7f)

Chalcone synthesis was carried out according to SOP5 using 4'-
iodoacetophenone (20 mmol, 4.92 g, 1.0 eq.), benzaldehyde (20 mmol,
2.12 g, 1.0 eq.) and sodium hydroxide (20 mmol, 800 mg, 1.0 eq.). After
recrystallization from ethanol (ca. 150 mL, reflux to -30 °C), the product
was obtained as orange needles (4.75 g, 14.2 mmol, 71%).

'H NMR (400 MHz, CDCls), 6/ppm: 7.89 — 7.85 (m, 2H, H-2’), 7.82 (d, J = 15.7 Hz, 1H, H-3), 7.76 — 7.71
(m, 2H, H-3’), 7.67 —= 7.61 (m, 2H, H-2""), 7.47 (d, J = 15.7 Hz, 1H, H-2), 7.44 — 7.39 (m, 3H, H-3"”, H-4").

13C NMR (101 MHz, CDCls), §/ppm: 189.8, 145.6, 138.1, 137.6, 134.8, 130.9, 130.1, 129.2, 128.7,121.6,
100.8.

HRMS (APCI+), m/z: calculated for CisH1110 + H* 334.9927 [M+H]", found 334.9925.

Known compound, spectroscopic data corresponds to the literature.”®

(E)-4’-(Trifluoromethyl)chalcone (7g)
Chalcone synthesis was carried out according to SOP5 using 4’-
0O " trifluoromethylacetophenone (20 mmol, 3.76 g, 1.0 eq.),
' ) 3*  benzaldehyde (20 mmol, 2.12g, 1.0 eq.) and sodium hydroxide
(20 mmol, 800 mg, 1.0 eq.). After twofold recrystallization from
ethanol/water 3:1 (v/v) and ethanol/water 2:1 (v/v, ca. 100 mL,
reflux to -30 °C), the product was obtained as colourless needles
(4.76 g, 17.2 mmol, 86%).
H NMR (400 MHz, CDCls), 6/ppm: 8.12 — 8.08 (m, 2H, H-2’), 7.84 (d, J = 15.7 Hz, 1H, H-3), 7.80 — 7.75
(m, 2H, H-3’), 7.68 — 7.63 (m, 2H, H-2"), 7.49 (d, J = 15.7 Hz, 1H, H-2), 7.47 — 7.42 (m, 3H, H-3", H-4").
13C NMR (101 MHz, CDCls), 6/ppm: 189.8, 146.28, 141.2, 134.7, 134.2 (q, J = 32.6 Hz), 131.1, 129.2,
128.9, 128.8, 125.8 (q,J =3.7 Hz), 123.8 (q, J = 272.5 Hz), 121.7.
19F NMR (376 MHz, CDCls), 5/ppm: -64.16.
HRMS (APCI+), m/z: calculated for CigH11F30 + H* 277.0835 [M+H]*, found 277.0822.
Known compound, spectroscopic data corresponds to the literature.”?

FoC7#

(E)-3’-Methoxychalcone (7h)

Chalcone synthesis was carried out according to SOP5 using 3’-
methoxyacetophenone (20 mmol, 3.00 g, 1.0 eq.), benzaldehyde
(20 mmol, 2.12g, 1.0eq.) and sodium hydroxide (20 mmol,
800 mg, 1.0eq.). Instead of filtration, the mixture was
evaporated to dryness under reduced pressure. The product was
obtained after filtration through silica with cyclohexane/ethyl
acetate (0% - 5% EtOAc) as a yellow oil (4.19g, 17.6 mmol,
88%).

'H NMR (400 MHz, CDCls), §/ppm: 7.82 (d, J = 15.7 Hz, 1H, H-3), 7.67 — 7.63 (m, 2H, H-2""), 7.61 (ddd,
J=7.6,1.5,1.0 Hz, 1H, H-4’), 7.55 (dd, J = 2.7, 1.5 Hz, 1H, H-2’), 7.52 (d, J = 15.7 Hz, 1H, H-2), 7.46 —
7.39 (m, 4H, H-5", H-3”, H-4"), 7.14 (ddd, J = 8.3, 2.7, 1.0 Hz, 1H, H-6’), 3.89 (s, 3H, H-1"").

13C NMR (101 MHz, CDCl3), 6/ppm: 190.4, 160.0, 145.0, 139.7, 135.0, 130.7,129.7,129.1, 128.6, 122.2,
121.2,119.4, 113.0, 55.6.

HRMS (APCI+), m/z: calculated for C1H140; + H* 239.1067 [M+H]*, found 239.1063.

Known compound, spectroscopic data corresponds to the literature.!
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(E)-4’-Nitrochalcone (7i)

In @ 100 mL round bottom flask, 1 M aqueous sodium hydroxide
solution (50 mL) was added to 4’-nitroacetophenone (20 mmol,
3.30g, 1.0 eq.) and benzaldehyde (20 mmol, 2.12 g, 1.0 eq.) and
stirred overnight at room temperature. The mixture was extracted
with diethyl ether and the organic layer was dried over sodium
sulphate and evaporated to dryness under reduced pressure. After
recrystallization from acetone (ca. 100 mL, reflux to -30 °C), the
product was obtained as an orange powder (2.66 g, 10.5 mmol,
53%).

'H NMR (400 MHz, CDCls), 8/ppm: 8.41 — 8.30 (m, 2H, H-3’), 8.22 — 8.10 (m, 2H, H-2’), 7.85 (d,
J=15.9Hz, 1H, H-3), 7.70 - 7.62 (m, 2H, H-2""), 7.49 (d, J = 15.9 Hz, 1H, H-2), 7.46 — 7.41 (m, 3H, H-3",
H-4"").

13C NMR (101 MHz, CDCls), 6/ppm: 189.2, 150.2, 147.0, 143.2, 134.4, 131.4, 129.5, 129.3, 128.8, 124.0,
121.4.

HRMS (APCI-), m/z: calculated for C;sH11NO3™ 253.0744 [M]', found 253.0747.

Known compound, spectroscopic data corresponds to the literature.®*?

(E)-4’-(Pivaloylamino)chalcone (7j)
” @) o Chalcone synthesis was carried out according to SOP5 using
o ¢ ' ) g+ 4’-pivaloylaminoacetophenone (7a, 20mmol, 4.39g,
8 _ O O 1.0 eq.), benzaldehyde (20 mmol, 2.12g, 1.0eq.) and
>‘)61'\H 4 sodium hydroxide (20 mmol, 800 mg, 1.0eq.). After
5 recrystallization from ethanol/water 4:1 (v/v, ca. 100 mL,
reflux to -30 °C), the product was obtained as dark yellow
needles (4.74 g, 15.4 mmol, 77%).
'H NMR (400 MHz, CDCls), §/ppm: 8.07 — 7.99 (m, 2H, H-2’), 7.80 (d, J = 15.7 Hz, 1H, H-3), 7.73 — 7.69
(m, 2H, H-3’), 7.67 — 7.61 (m, 3H, H-5’, H-2""), 7.54 (d, J = 15.7 Hz, 1H, H-2), 7.44 — 7.38 (m, 3H, H-3",
H-4"),1.34 (s, 9H, H-8").
13C NMR (101 MHz, CDCls), 6/ppm: 189.1, 177.0, 144.6, 142.5,135.0, 133.8, 130.6, 130.0, 129.1, 128.6,
121.9,119.3, 40.0, 27.7.
HRMS (APCI+), m/z: calculated for CyoH21NO; + H" 308.1645 [M+H]*, found 308.1640.

(E)-4’-Methylchalcone (7k)

Chalcone synthesis was carried out according to SOP5 using 4’-
methylacetophenone (20 mmol, 2.68g, 1.0eq.), benzaldehyde
(20 mmol, 2.12 g, 1.0 eq.) and sodium hydroxide (20 mmol, 800 mg,
1.0 eq.). The product was obtained after filtration without further
purification as a colourless powder (3.64 g, 16.4 mmol, 82%).

'H NMR (400 MHz, CDCls), 6/ppm: 7.97 — 7.92 (m, 2H, H-2’), 7.81 (d, J = 15.7 Hz, 1H, H-3), 7.67 — 7.62
(m, 2H, H-2""), 7.54 (d, J = 15.7 Hz, 1H, H-2), 7.45 - 7.39 (m, 3H, H-3", H-4"’), 7.34 — 7.28 (m, 2H, H-3’),
2.44 (s, 3H, H-5').

13C NMR (101 MHz, CDCl3), 6/ppm: 190.2, 144.5, 143.8, 135.8, 135.1, 130.6, 129.5, 129.1, 128.8, 128.5,
122.2,21.8.

HRMS (APCI+), m/z: calculated for C1H140 + H* 223.1117 [M+H]*, found 223.1111.

Known compound, spectroscopic data corresponds to the literature.®!
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Methyl (E)-chalcone-3-carboxylate (71)

Chalcone synthesis was carried out according to SOP5 using
acetophenone (20 mmol, 2.40g, 1.0eq.), methyl 4-
formylbenzoate (20 mmol, 3.28g, 1.0eq.) and sodium
hydroxide (20 mmol, 800 mg, 1.0eq.). The product was
obtained after filtration without further purification as a
colourless solid (4.49 g, 16.9 mmol, 84%).

'H NMR (400 MHz, CDCls), 6/ppm: 8.10 — 8.06 (m, 2H, H-3"), 8.05 — 8.01 (m, 2H, H-2’), 7.81 (d,
J=15.8 Hz, 1H, H-3), 7.72 — 7.67 (m, 2H, H-2""), 7.60 (d, J = 15.8 Hz, 1H, H-2), 7.63 — 7.57 (m, 1H, H-4"),
7.54 —7.48 (m, 2H, H-3’), 3.94 (s, 3H, H-6").

13C NMR (101 MHz, CDCls), 6/ppm: 190.2, 166.6, 143.3,139.2, 138.0, 133.2, 131.6, 130.3, 128.8, 128.7,
128.4,124.2,52.4.

HRMS (ESI+), m/z: calculated for Ci13H100 + H* 267.1016 [M+H]*, found 267.1012.

Known compound, spectroscopic data corresponds to the literature.®

(E)-2-(1-Phenylprop-2-en-1-on-3-yl)furane (7m)

In a 100 mL round bottom flask, 1 M aqueous sodium hydroxide (50 mL)
was added to a mixture of acetophenone (20 mmol, 2.40 g, 1.0 eq.) and
furfural (20 mmol, 1,92g, 1.0 eq.) and stirred overnight at room
temperature. The mixture was extracted with diethyl ether and the
organic layer was dried over sodium sulphate and evaporated to dryness
und reduced pressure. The product was obtained after filtration through
silica with cyclohexane/ethyl acetate (0% — 5% EtOAc) as an orange oil
(3.33 g, 16.8 mmol, 84%).

H NMR (400 MHz, CDCls), 8/ppm: 8.06 — 7.99 (m, 2H, H-2’), 7.60 (d, J = 15.3 Hz, 1H, H-3), 7.61 — 7.52
(m, 1H, H-4’),7.55—-7.42 (m, 3H, H-3’, H-3""), 7.46 (d, /= 15.3 Hz, 1H, H-2), 6.71 (d, /= 3.4 Hz, 1H, H-5"),
6.50 (dd, J = 3.4, 1.8 Hz, 1H, H-4").

13C NMR (101 MHz, CDCls), 6/ppm: 189.9, 151.8, 145.0, 138.2,132.9, 130.8, 128.7, 128.5,119.4, 116.3,
112.8.

HRMS (APCI+), m/z: calculated for C13H100; + H" 199.0754 [M+H]", found 199.0744.

Known compound, spectroscopic data corresponds to the literature.>*?

(E)-1-Cyclopropyl-3-phenylprop-2-en-1-one (7n)

In a 100 mL round bottom flask, 1 M aqueous sodium hydroxide (50 mL) was
added to a mixture of acetylcyclopropane (20 mmol, 1,68 g, 1.0 eq.) and
benzaldehyde (20 mmol, 2.12g, 1.0 eq.) and stirred overnight at room
temperature. The mixture was extracted with diethyl ether and the organic
layer was dried over sodium sulphate and evaporated to dryness under
reduced pressure. After recrystallization from ethanol/water 2:1(v/v, ca. 75 mL, reflux to -30 °C), the
product was obtained as a colourless powder (2.37 g, 13.8 mmol, 69%).

'H NMR (400 MHz, CDCl3), §/ppm: 7.62 (d, J = 16.1 Hz, 1H, H-3), 7.59 — 7.54 (m, 2H, H-2""), 7.44 — 7.37
(m, 3H, H-3”, H-4"), 6.88 (d, J = 16.1 Hz, 1H, H-2), 2.26 (tt, J = 8.0, 4.6 Hz, 1H, H-1’), 1.16 (dt, J = 4.6,
3.4 Hz, 2H, H-2?), 0.99 (dt, J = 8.0, 3.4 Hz, 2H, H-2"°).

13C NMR (101 MHz, CDCl;), §/ppm: 200.2, 142.2, 134.9, 130.5, 129.1, 128.4, 126.6, 19.8, 11.5.

HRMS (APCI+), m/z: calculated for C1,H1,0 + H* 173.0961 [M+H]*, found 173.0953.

Known compound, spectroscopic data corresponds to the literature.®
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(E)-2-(1-Phenylprop-2-en-1-on-3-yl)thiophene (70)

In a 100 mL round bottom flask, 1 M aqueous sodium hydroxide (50 mL)
was added to a mixture of acetophenone (20 mmol, 2.40 g, 1.0 eq.) and
thiophene-2-carbaldehyde (20 mmol, 2.24g, 1.0 eq.) and stirred at
room temperature for 24 h. The mixture was extracted with diethyl
ether and the organic layer was dried over sodium sulphate and
evaporated to dryness under reduced pressure. The product was
obtained after filtration through silica with cyclohexane/ethyl acetate
(0% - 5% EtOAC) as a yellow oil (3.94 g, 18.4 mmol, 92%), which slowly
crystallized upon standing.

'H NMR (400 MHz, CDCls), 6/ppm: 8.05 — 7.98 (m, 2H, H-2’), 7.95 (d, J = 15.3 Hz, 1H, H-3), 7.62 — 7.55
(m, 1H, H-4’), 7.53 = 7.47 (m, 2H, H-3’), 7.42 (dt, J = 5.1, 1.0 Hz, 1H, H-3"), 7.37 — 7.35 (m, 1H, H-5"),
7.34 (d, J=15.3 Hz, 1H, H-2), 7.09 (dd, J = 5.1, 3.7 Hz, 1H, H-4").

13C NMR (101 MHz, CDCls), §/ppm: 190.0, 140.5, 138.2,137.3,132.9,132.2, 128.9, 128.7, 128.5, 128.5,
120.9.

HRMS (APCI+), m/z: calculated for C13H100 + H* 215.0525 [M+H]*, found 215.0517.

Known compound, spectroscopic data corresponds to the literature.®

(E)-2-Cinnamoylthiophene (7p)

In a 100 mL round bottom flask, 1 M aqueous sodium hydroxide (50 mL)
was added to a mixture of 2-acetylthiophene (40 mmol, 5.04 g, 1.0 eq.)
and benzaldehyde (40 mmol, 4.25g, 1.0 eq.) and stirred at room
temperature for 24 h. The mixture was extracted with diethyl ether and
the organic layer was dried over sodium sulphate and evaporated to
dryness under reduced pressure. After twofold recrystallization from
ethanol/water 2:1 (v/v, ca. 150 mL, reflux to -30 °C) and ethanol/water
2:1(v/v, ca. 100 mL, reflux to -30 °C), the product was obtained as off-
white crystals (6.06 g, 28.3 mmol, 71%).

H NMR (400 MHz, CDCls), §/ppm: 7.87 (dd, J = 3.8, 1.1 Hz, 1H, H-3"), 7.85 (d, J = 15.6 Hz, 1H, H-3), 7.66
(dd, J=5.0, 1.1 Hz, 1H, H-5'), 7.65 — 7.61 (m, 2H, H-2"), 7.47 — 7.36 (m, 4H, H-2, H-3", H-4""), 7.17 (dd,
J=5.0, 3.8 Hz, 1H, H-4).

13C NMR (101 MHz, CDCl3), 6/ppm: 182.1, 145.6, 144.1, 134.7,134.0, 131.9, 130.6, 129.0, 128.5, 128.3,
121.6.

HRMS (ESI+), m/z: calculated for C13H100S + H* 215.0525 [M+H]*, found 215.0523.

Known compound, spectroscopic data corresponds to the literature.™
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8.2. Synthesized Pyrazolines

Ethyl 1H-4,5-dihydro-1,5-diphenylpyrazole-3-carboxylate (4a)
3 4 The synthesis was performed following the recently described
protocol.* In a jacketed 300 mL beaker-type cell equipped with a
magnetic stirring bar with stabilizing ring, ethyl glyoxylate
phenylhydrazone (6, 46.8 mmol, 9.0g, 1.0eq.) and styrene
4" (126.3mmol, 13.16g, 2.7 eq.) were dissolved in ethyl acetate
(60 mL). 1 m aqueous sodium iodide solution (240 mL) was added. A
o] bipolar pack of four isostatic graphite electrodes (160 x 50 x 5 mm,
spacer: 3 mm) with an immersion depth of 7 cm and a relevant surface area of 105 cm? was used.
Constant current electrolysis was performed at 25°C and 750 rpm, with a current density of
35.0 mA cm? until a charge of 5.4 F (24488 C) was applied. The reaction mixture was transferred to a
separatory funnel and the layers were separated. The aqueous layer was extracted with ethyl acetate
(1 x 100 mL). The combined organic fractions were dried over anhydrous magnesium sulphate, filtered
and the solvent was removed under reduced pressure. The product was obtained after flash column
chromatography on silica with cyclohexane/ethyl acetate (0% - 3% EtOAc) as a yellow solid (10.6 g,
36.0 mmol, 77%).
'H NMR (400 MHz, CDCl3), 6/ppm: 7.35—-7.16 (m, 7H, H-3‘, H-2", H-3'“, H-4"*"), 7.10 (dt, J=7.9,
1.2 Hz, 2H, H-2"), 6.87 (tt,J = 7.2, 1.2 Hz, 1H, H-4*), 5.42 (dd, J = 13.3, 7.0 Hz, 1H, H-5), 4.34 (q,J = 7.1 Hz,
2H, H-2"*), 3.72 (dd, J = 18.0, 13.3 Hz, 1H, H-4%), 3.05 (dd, J = 18.0, 7.0 Hz, 1H, H-4%), 1.37 (t, J = 7.1 Hz,
3H, H-3").
13C NMR (101 MHz, CDCls), 6/ppm: 162.9, 142.7,141.3, 138.3,129.4, 129.1, 128.1, 125.8, 121.4, 114.7,
65.5,61.4,42.4,14.5.
HRMS (ESI+), m/z: calculated for C1gH1sN20;z + H* 295.1441 [M+H]*, found 295.1447.
Known compound, spectroscopic data corresponds to the literature.?

o
2 N 1 2 3
N - 1n|

3-Ethyl, 5-methyl 1H-4,5-dihydro-1-phenylpyrazole-3,5-dicarboxylate (4b)

3 4 Pyrazoline synthesis was carried out according to a literature
procedure using ethyl glyoxylate phenylhydrazone (6, 5.0 mmol,
960 mg, 1.0 eq.) and methyl acrylate (13.5 mmol, 1.16 g, 2.7 eq.). The

_N' O product was obtained after flash column chromatography on silica
I X with cyclohexane/ethyl acetate (0% > 5% EtOAc) as a yellow oil
U ONF, 0—2" (1176 g, 4.25 mmol, 85%).

'H NMR (400 MHz, CDCl5), 6/ppm: 7.32 — 7.26 (m, 2H, H-3’), 7.12 (dt, J = 7.9, 1.1 Hz, 2H, H-2’), 6.96 (tt,
J=7.3,1.1Hz, 1H, H-4’), 4.93 (dd, J = 13.4, 6.7 Hz, 1H, H-5), 4.33 (qd, J = 7.1, 0.7 Hz, 2H, H-2"), 3.72 (s,
3H, H-2"""), 3.53 (dd, J = 18.1, 13.4 Hz, 1H, H-4%), 3.31 (dd, J = 18.1, 6.7 Hz, 1H, H-4°), 1.37 (t, J = 7.1 Hz,
3H, H-3").

13C NMR (101 MHz, CDCls), 6/ppm: 170.7, 162.1, 142.5, 138.5, 129.4, 121.8, 114.0, 62.2, 61.5, 53.0,
37.3,14.4.

HRMS (APCI+), m/z: calculated for C14H16N,O4 + H* 277.1183 [M+H]*, found 277.1192.

Known compound, spectroscopic data corresponds to the literature.*
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Ethyl 1H-4,5-dihydro-5-(dimethylcarbamoyl)-1-phenylpyrazole-3-carboxylate (4c)

3 ¥ Pyrazoline synthesis was carried out according to SOP7 using ethyl
glyoxylate phenylhydrazone (6, 12.0 mmol, 2.31g, 1.0eq.) and
N,N-dimethyl acrylamide (32.4 mmol, 3.21 g, 2.7 eq.). The product
was obtained after flash column chromatography on silica with

2 1
-N'.0
- N| 51 cyclohexane/ethyl acetate (0% — 3% EtOAc) as a beige to yellow solid
O Y, /N— 2" (2.00 g, 8.22 mmol, 69%).
o
O 3|||

'H NMR (400 MHz, CDCls), §/ppm: 7.29 — 7.22 (m, 2H, H-3’), 7.08 — 7.03 (m, 2H, H-2’), 6.96 — 6.90 (m,
1H, H-4’), 5.13 (dd, J=14.0, 7.9 Hz, 1H, H-5), 4.32 (qd, /=7.1, 1.7 Hz, 2H, H-2""), 3.54 (dd, /=17.8,
14.0 Hz, 1H, H-4?), 3.12 (dd, J = 17.8, 7.9 Hz, 1H, H-4®), 3.06 (s, 3H, H-2"""), 2.97 (s, 3H, H-3"""), 1.35 (t,
J=7.1Hz, 3H, H-3").

13C NMR (101 MHz, CDCls), 6/ppm: 168.9, 162.3, 142.6, 137.6, 129.3, 121.7, 114.0, 61.9, 61.3, 36.9,
36.9, 36.4, 14.4.

HRMS (APCI+), m/z: calculated for CisH19N303 + H* 290.1499 [M+H]*, found 290.1491.

Known compound, spectroscopic data corresponds to the literature.

Ethyl 1H-5-cyano-4,5-dihydro-1-phenylpyrazole-3-carboxylate (4d)

3 ¥ Pyrazoline synthesis was carried out according to SOP7 using ethyl
glyoxylate phenylhydrazone (6, 12.0 mmol, 2.31g, 1.0 eq.) and acryl
nitrile (32.4 mmol, 1.72 g, 2.7 eq.). The product was obtained after flash
" column chromatography on silica with cyclohexane/ethyl acetate
, )z —N (0% —> 8% EtOAc) as a yellow solid (2.00 g, 8.22 mmol, 69%).

~ 3

4 NMR (400 MHz, CDCls), 8/ppm: 7.39 —7.33 (m, 2H, H-3’), 7.24 (dt, J=8.8, 1.0 Hz, 2H, H-2'),
7.10-7.04 (m, 1H, H-4’), 5.07 (ddd, J=10.6, 8.2, 0.6 Hz, 1H, H-5), 4.35 (q, J=7.1 Hz, 2H, H-2"),
3.61-3.50 (m, 2H, H-4), 1.38 (td, /= 7.1, 0.6 Hz, 3H, H-3").

13C NMR (101 MHz, CDCls), 6/ppm: 161.3, 141.5, 140.0, 129.6, 123.2, 116.2, 115.0, 61.9, 50.4, 37.9,
14.3.

HRMS (ESI+), m/z: calculated for C13H13N3O, + Na* 266.0900 [M+Na]*, found 266.0896.

Known compound, spectroscopic data corresponds to the literature.?

Ethyl 1H-1-(4-chlorophenyl)-4,5-dihydro-5-phenylpyrazole-3-carboxylate (4e)

The synthesis was performed according to the recently described
protocol.* In a 50 mL jacketed beaker-type cell equipped with a cross-
shaped stirring bar, ethyl glyoxylate 4-chlorophenylhydrazone
(3.0 mmol, 680 mg, 1.0 eq.) and styrene (8.1 mmol, 844 mg, 2.7 eq.)
were dissolved in tert.-butyl methyl ether (5mL). 1 M aqueous
sodium iodide solution (20 mL) was added. Isostatic graphite
electrodes (size: 60 x 20 x 3 mm) with an immersion depth of 2.7 cm
and a relevant surface area of 5.4 cm? were used. Constant current
electrolysis was performed at 32 °C and 800 rpm, with a current density of 32.1 mA cm™ until a charge
of 2.58 F (797 C) was applied. The reaction mixture was transferred to a separatory funnel and the
layers were separated. The aqueous layer was extracted with ethyl acetate (1 x 30 mL). The combined
organic fractions were dried over anhydrous magnesium sulphate, filtered and the solvent was
removed under reduced pressure. After flash column chromatography over silica with
cyclohexane/ethyl acetate (0% - 3% EtOAc) the pyrazoline was obtained as a yellow solid (2.65 mmol,
872 mg, 88%).
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'H NMR (400 MHz, CDCl3), 6/ppm: 7.34 — 7.28 (m, 2H, H-3"""), 7.30 — 7.20 (m, 1H, H-4"""), 7.19 - 7.15
(m, 2H, H-2"""),7.12-7.06 (m, 2H, H-3’), 7.02 - 6.97 (m, 2H, H-2’), 5.35 (dd, J = 13.2, 7.0 Hz, 1H, H-5),
4.31(q,J=7.1Hz, 2H, H-2"),3.70 (dd, J = 18.1, 13.2 Hz, 1H, H-4%), 3.03 (dd, J = 18.1, 7.0 Hz, 1H, H-4),
1.34 (t,J=7.1Hz, 3H, H-3").

13C NMR (101 MHz, CDCls), §/ppm: 162.6,141.3, 140.8, 139.0, 129.5, 129.0, 128.2,126.3, 125.7,115.8,
65.5, 61.5,42.5, 14.5.

HRMS (APCl+), m/z: calculated for CigH17%°CIN,0; + H+ 329.1051 [M+H]+, found 329.1044; calculated
for C1gH17°’CIN,0; + H+ 331.1028 [M+H]+, found 331.1027.

Known compound, spectroscopic data corresponds to the literature.*#

3-Ethyl, 4,5-dimethyl 1H-4,5-trans-4,5-dihydro-1-phenylpyrazole-3,4,5-tricarboxylate (4f)

3 4 Pyrazoline synthesis was carried out according to SOP7 using ethyl
glyoxylate phenylhydrazone (6, 12mmol, 2.31g, 1.0eq.) and
dimethyl fumarate (32.4 mmol, 4.67 g, 2.7 eq.). The product was
obtained after flash column chromatography on silica with
cyclohexane/ethyl acetate (0% - 10% EtOAc) as a dark yellow solid
(2.51 g, 7.51 mmol, 63%).

'H NMR (400 MHz, CDCls), 6/ppm: 7.33 — 7.28 (m, 2H, H-3’), 7.18 — 7.13 (m, 2H, H-2’), 7.04 — 6.98 (m,
1H, H-4’), 5.17 (d, /= 5.8 Hz, 1H, H-5), 4.39 (d, J = 5.8 Hz, 1H, H-4), 4.44 — 4.25 (m, 2H, H-2"), 3.79 (s,
3H, H-2""), 3.76 (s, 3H, H-2""""), 1.36 (t, J = 7.1 Hz, 3H, H-3").

13 NMR (101 MHz, CDCls), 6/ppm: 169.1, 169.0, 161.4, 141.8, 135.6, 129.4, 122.5, 114.5, 66.5, 61.7,
54.3,53.4,14.4.

HRMS (ESI+), m/z: calculated for C16H1sN206 + Na* 357.1057 [M+Na]*, found 357.1057.

Known compound, spectroscopic data corresponds to the literature.?

Ethyl 1H-5-(diethoxyphosphoryl)-4,5-dihydro-1-phenylpyrazole-3-carboxylate (4g)

3 4 Pyrazoline synthesis was carried out according to SOP7 using ethyl
glyoxylate phenylhydrazone (6, 12.0 mmol, 2.31g, 1.0 eq.) and
diethyl vinylphosphonate (32.4 mmol, 5.32 g, 2.7 eq.). The product

2 N1 O was obtained after flash column chromatography on silica with

N| 5 /’ . cyclohexane/ethyl acetate (5% —>30% EtOAc) and flash column

3" \/O O—\ chromatography on C-18 silica with acetonitrile/water (25% - 60%
2" ) MeCN) as a yellow oil (970 mg, 2.74 mmol, 23%).

'H NMR (400 MHz, CDCl3), 6/ppm: 7.41 —7.37 (m, 2H, H-2’), 7.31—7.26 (m, 2H, H-3’),6.97 (tt, /= 7.3,
1.1 Hz, 1H, H-4’), 4.68 (dd, J = 13.7, 7.3 Hz, 1H, H-5), 4.33 (qd, /= 7.1, 0.8 Hz, 2H, H-2""), 4.16 — 3.96 (m,
4H, H-1""), 3.66 —3.38 (m, 2H, H-4), 1.36 (t, J = 7.1 Hz, 3H, H-3"), 1.24 (t,J = 7.1 Hz, 3H, H-2"""?), 1.22 (t,
J=7.1Hz, 3H, H-2""").

13C NMR (101 MHz, CDCl3), 6/ppm: 162.2, 143.4, 140.2 (d, J = 5.6 Hz), 128.9, 122.2, 115.8, 63.5 (d,
J=7.0Hz),63.0(d,/=7.0Hz),61.5,58.3 (d, /=163.8 Hz), 35.4 (d, /= 3.7 Hz), 16.5 (d, /= 5.3 Hz), 16.5
(d,/=5.5Hz),14.4.

31p NMR (162 MHz, CDCl;), 6/ppm: 19.68.

HRMS (ESI+), m/z: calculated for C16H23N3OsP + H* 355.1417 [M+H]*, found 355.1422.

Known compound, spectroscopic data corresponds to the literature.?
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Ethyl 1H-4,5-dihydro-1-phenyl-5-((trimethylsilyl)methyl)pyrazole-3-carboxylate (4h)

3 ¥ Pyrazoline synthesis was carried out according to SOP7 using ethyl
glyoxylate phenylhydrazone (6, 12.0 mmol, 2.31 g, 1.0 eq.) and allyl
2 ) trimethylsilane (32.4 mmol, 3.70g, 2.7 eq.). The product was

obtained after flash column chromatography on silica with
. I s cyclohexane/ethyl acetate (0% > 3% EtOAc) as a dark yellow oil
IO Y, Si—7" (896 mg, 2.94 mmol, 25%)

2 1
NN g

'H NMR (400 MHz, CDCl3), §/ppm: 7.29 (tt, J = 7.3, 2.0 Hz, 2H, H-3’), 7.18 — 7.12 (m, 2H, H-2’), 6.94 (tt,
J=7.3,1.2 Hz, 1H, H-4’), 4.60 (dddd, J=11.8, 11.7, 5.2, 1.8 Hz, 1H, H-5), 4.34 (qd, /= 7.1, 2.2 Hz, 2H,
H-2"),3.29 (dd, J = 17.4, 11.7 Hz, 1H, H-43), 2.78 (dd, J = 17.4, 5.2 Hz, 1H, H-4%), 1.38 (t, J = 7.1 Hz, 3H,
H-3"), 1.24 (dd, J = 14.6, 1.8 Hz, 1H, H-1"""), 0.90 (dd, J = 14.6, 11.8 Hz, 1H, H-1""®), 0.11 (s, 9H, H-2""").
13C NMR (101 MHz, CDCls), 6/ppm: 163.4, 141.9, 138.4, 129.3, 121.3, 115.1, 61.2, 58.8, 39.0, 21.2,
14.6, -0.8.

HRMS (ESI+), m/z: calculated for Ci16H24N20,Si + H* 305.1680 [M+H]*, found 305.1684.

Known compound, spectroscopic data corresponds to the literature.

1H-3-(2-Chlorophenyl)-4,5-dihydro-1,5-diphenylpyrazole (4i)

3 4 Pyrazoline synthesis was carried out according to SOP6 using (E)-2’-
chlorochalcone (7b, 10 mmol, 2.43g, 1.0eq.), phenylhydrazine
hydrochloride (10 mmol, 1.45g, 1.0eq.) and glacial acetic acid
(10 mmol, 600 mg, 1.0 eq.). The mixture was evaporated to dryness
and the product was obtained after flash column chromatography on
silica with cyclohexane/ethyl acetate (0% - 1% EtOAc) as a pale-yellow
solid (1.09 g, 3.27 mmol, 33%).

'H NMR (400 MHz, (CD3),CO), 6/ppm: 7.88 — 7.83 (m, 1H, H-3"), 7.50 — 7.46 (m, 1H, H-6"), 7.42 — 7.33
(m, 6H, H-4”, H-2"", H-3""", H-4"""), 7.30 — 7.24 (m, 1H, H-5""), 7.18 — 7.12 (m, 2H, H-3’), 7.10 — 7.06 (m,
2H, H-2), 6.75 (tt, J=7.2, 1.3 Hz, 1H, H-4’), 5.49 (dd, J= 12.2, 6.7 Hz, 1H, H-5), 4.13 (dd, J = 17.4, 12.2 Hz,
1H, H-4%), 3.31 (dd, J = 17.4, 6.7 Hz, 1H, H-4").

13C NMR (101 MHz, (CDs),C0), 8/ppm: 146.4, 145.5, 143.5, 132.5, 132.5, 131.7, 131.0, 130.5, 129.9,
129.6, 128.4,127.9, 126.8, 120.0, 114.3, 65.1, 46.7.

HRMS (ESI+), m/z: calculated for C:H173°CIN; + H* 333.1153 [M+H]*, found 333.1152; calculated for
C21H17*CIN, + H* 335.1131 [M+H]", found 335.1126.

Known compound, spectroscopic data corresponds to the literature.®

1H-3-(3-Chlorophenyl)-4,5-dihydro-1,5-diphenylpyrazole (4j)

3 ¥ Pyrazoline synthesis was carried out according to SOP6 using (E)-3'-
chlorochalcone (7c, 10 mmol, 2.43g, 1.0 eq.), phenylhydrazine
hydrochloride (10 mmol, 1.45g, 1.0 eq.) and glacial acetic acid
(10 mmol, 600 mg, 1.0 eq.). The product was obtained after filtration
without further purification as a light-yellow solid (2.21 g, 6.64 mmol,
66%).

H NMR (400 MHz, CD,Cl,), §/ppm: 7.79 — 7.75 (m, 1H, H-2”), 7.57 (dt, J = 7.4, 1.6 Hz, 1H, H-6"), 7.37
—7.25(m, 7H, H-4”, H-5", H-2""", H-3""", H-4"""), 7.21 - 7.14 (m, 2H, H-3’), 7.10 — 7.03 (m, 2H, H-2’), 6.78
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(tt, /=7.3,1.2 Hz, 1H, H-4’), 5.34 (dd, J = 12.5, 6.8 Hz, 1H, H-5), 3.84 (dd, J = 17.2, 12.5 Hz, 1H, H-4?),
3.11(dd, J=17.2, 6.8 Hz, 1H, H-4").

13C NMR (101 MHz, CD,Cl;), 6/ppm: 145.8, 144.8, 142.8, 135.2, 134.9, 130.3, 129.5, 129.3, 128.7,
128.1,126.3,125.9,124.2,119.7, 113.8, 64.8, 43.6.

HRMS (APCI+), m/z: calculated for C,1H17*°CIN; + H* 333.1153 [M+H]*, found 333.1122; calculated for
C21H17*CIN; + H* 335.1131 [M+H]*, found 335.1125.

Known compound, spectroscopic data corresponds to the literature.?®

1H-4,5-Dihydro-1,5-diphenyl-3-(4-fluorophenyl)pyrazole (4k)
3 4 Pyrazoline synthesis was carried out according to SOP6 using (E)-4’-
” fluorochalcone (7d, 10 mmol, 2.26g, 1.0eq.), phenylhydrazine
) I hydrochloride (10 mmol, 1.45g, 1.0eq.) and glacial acetic acid
2 N-N 1. (10 mmol, 600 mg, 1.0 eq.). The product was obtained after filtration
4" without further purification as a pale-yellow solid (1.42 g, 4.48 mmol,
45%).

Fre

H NMR (400 MHz, CD,Cl,), 8/ppm: 7.76 — 7.69 (m, 2H, H-2""), 7.38 — 7.30 (m, 4H, H-2"", H-3""), 7.30 —
7.23 (m, 1H, H-4""), 7.19 = 7.14 (m, 2H, H-3’), 7.14 — 7.07 (m, 2H, H-3"), 7.07 = 7.03 (m, 2H, H-2’), 6.77
(tt, J = 7.3, 1.2 Hz, 1H, H-4’), 5.31 (dd, J = 12.3, 7.1 Hz, 1H, H-5), 3.85 (dd, J = 17.1, 12.3 Hz, 1H, H-4?),
3.12 (dd, J = 17.1, 7.1 Hz, 1H, H-4").

13C NMR (101 MHz, CD,Cl,), §/ppm: 163.4 (d, J = 248.0 Hz), 146.4, 145.2, 143.0, 129.5, 129.3, 128.0 (d,
J=5.5Hz),127.9, 126.3, 119.4, 116.0, 115.8, 113.6, 64.8, 44.0.

19 NMR (376 MHz, CDCls), §/ppm: -113.40 — -113.52 (m).

HRMS (ESI+), m/z: calculated for Cy1H17FN, + H* 317.1449 [M+H]*, found 317.1453.

Known compound, spectroscopic data corresponds to the literature.*®

1H-3-(4-Chlorophenyl)-4,5-dihydro-1,5-diphenylpyrazole (4l)

The synthesis was performed analogous to the recently described
protocol® in fourfold scale. In a 100 mL jacketed beaker-type cell
equipped with a cross-shaped stirring bar, 4-chlorobenzaldhyde
phenylhydrazone (12.8 mmol, 2.95g, 1.0eq.) and styrene
(49.9 mmol, 5.20 g, 3.9 eq.) were dissolved in tert.-butyl methyl ether
(20 mL). 1 m aqueous sodium iodide solution (80 mL) was added.
Isostatic graphite electrodes (80 x 34 x5 mm) with an immersion
depth of 6 cm and a relevant surface area of 20.4 cm? were used.
Constant current electrolysis was performed at 32 °C and 800 rpm,
with a current density of 32.1 mA cm™ until a charge of 2.58 F (3186 C) was applied. The reaction
mixture was transferred to a separatory funnel and the layers were separated. The aqueous layer was
extracted with tert.-butyl methyl ether (1 x 50 mL). The combined organic fractions were dried over
anhydrous magnesium sulphate, filtered and the solvent was removed under reduced pressure. The

product was obtained after flash column chromatography on silica with cyclohexane/ethyl acetate
(0% = 3% EtOACc) as a light orange solid (2.71 g, 8.14 mmol, 64%).

'H NMR (400 MHz, (CD3),C0), 6/ppm: 7.82 — 7.74 (m, 2H, H-2"), 7.47 = 7.37 (m, 2H, H-3""), 7.39 - 7.29
(m, 4H, H-2"", H-3""), 7.32 - 7.20 (m, 1H, H-4"""), 7.19 -7.09 (m, 2H, H-3’), 7.10-7.03 (m, 2H, H-2"),
6.73 (tt, J=7.2, 1.3 Hz, 1H, H-4’), 5.47 (dd, J = 12.4, 6.8 Hz, 1H, H-5), 3.96 (dd, J = 17.4, 12.4 Hz, 1H,
H-4%),3.13 (dd, J = 17.4, 6.8 Hz, 1H, H-4%).

13C NMR (101 MHz, (CDs),CO), 6/ppm: 206.3, 146.8, 145.5, 143.7, 134.5, 132.7, 129.9, 129.6, 129.5,
128.4,128.1,126.8, 119.8, 114.2, 65.0, 43.9.
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HRMS (ESI+), m/z: calculated for C;1H17°°CIN; + H* 333.1153 [M+H]*, found 333.151; calculated for
Ca1H17*7CIN, + H* 335.1131 [M+H]*, found 335.1133.
Known compound, spectroscopic data corresponds to the literature.*

1H-3-(4- Bromophenyl) 4,5-dihydro-1,5-diphenylpyrazole (4m)

Pyrazoline synthesis was carried out according to SOP6 using (E)-4'-
bromochalcone (7e, 10 mmol, 2.87 g, 1.0 eq.), phenylhydrazine
hydrochloride (10 mmol, 1.45g, 1.0 eq.) and glacial acetic acid
(10 mmol, 600 mg, 1.0 eq.). The product was obtained after filtration
without further purification as a yellow solid (2.57 g, 6.81 mmol,
68%).

H NMR (400 MHz, CD,Cl,), 8/ppm: 7.63 — 7.58 (m, 2H, H-2"), 7.55 — 7.50 (m, 2H, H-3"), 7.38 — 7.24
(m, 5H, H-2"", H-3"", H-4"""), 7.20 — 7.13 (m, 2H, H-3’), 7.08 — 7.03 (m, 2H, H-2’), 6.87 — 6.64 (m, 1H,
H-47),5.32 (dd, J = 12.6, 6.9 Hz, 1H, H-5), 3.83 (dd, J = 17.2, 12.6 Hz, 1H, H-4?), 3.11 (dd, J = 17.2, 6.9 Hz,
1H, H-4%).

13C NMR (101 MHz, CD,Cl,), 8/ppm: 146.2, 144.9, 142.9, 132.3, 132.0, 129.5, 129.3, 128.0, 127.6,
126.3,122.7,119.6, 113.7,64.8, 43.6.

HRMS (ESI+), m/z: calculated for C1H17°BrN, + H* 377.0648 [M+H]*, found 377.0637; calculated for
C21H1781BrN; + H* 379.0628 [M+H]*, found 379.0627.

Known compound, spectroscopic data corresponds to the literature.?

1H-4,5-Dihydro- 1 5-diphenyl-3-(4-iodophenyl)pyrazole (4n)

Pyrazoline synthesis was carried out according to SOP6 using (E)-4’-
iodochalcone (7f, 10 mmol, 3.34g, 1.0eq.), phenylhydrazine
hydrochloride (10 mmol, 1.45g, 1.0eq.) and glacial acetic acid
(10 mmol, 600 mg, 1.0 eq.). The product was obtained after filtration
without further purification as a yellow powder (3.71 g, 8.74 mmol,
87%).

'H NMR (400 MHz, CD,Cl,), 8/ppm: 7.84 — 7.73 (m, 2H, H-2"), 7.62 — 7.53 (m, 2H, H-3"), 7.37 —= 7.32
(m, 4H, H-2", H-3"""), 7.30 — 7.24 (m, 1H, H-4""), 7.17 — 7.11 (m, 2H, H-3’), 7.09 — 7.05 (m, 2H, H-2),
6.73 (tt, J = 7.2, 1.3 Hz, 1H, H-4’), 5.47 (dd, J = 12.4, 6.8 Hz, 1H, H-5), 3.95 (dd, J = 17.4, 12.4 Hz, 1H,
H-47),3.13 (dd, J = 17.4, 6.8 Hz, 1H, H-4Y).

13C NMR (101 MHz, CD,Cl;), 6/ppm: 146.9, 145.5, 143.7, 138.5, 133.5, 129.9, 129.6, 128.4, 128.4,
126.8,119.9, 114.2,94.4, 65.0, 43.7.

HRMS (ESI+), m/z: calculated for C2;1H17IN;, + H* 425.0509 [M+H]*, found 425.0514.

1H-4,5-Dihydro-1,5-diphenyl-3-(4-(trifluoromethyl)phenyl)pyrazole (40)

3 4 Pyrazoline synthesis was carried out according to SOP6 using (E)-4’-
(trifluoromethyl)chalcone (7g, 10 mmol, 2.76g, 1.0eq.),
phenylhydrazine hydrochloride (10 mmol, 1.45g, 1.0eq.) and
glacial acetic acid (10 mmol, 600 mg, 1.0 eq.). The product was
obtained after filtration without further purification as a yellow
solid (2.48 g, 6.77 mmol, 68%).
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'H NMR (400 MHz, CD,Cl,), 6/ppm: 7.88 — 7.80 (m, 2H, H-2"), 7.69 — 7.61 (m, 2H, H-3"), 7.39 — 7.25
(m, 5H, H-2"", H-3""", H-4"""), 7.21 = 7.15 (m, 2H, H-3’), 7.11 — 7.05 (m, 2H, H-2’), 6.80 (tt, J = 7.2, 1.2 Hz,
1H, H-4’), 5.39 (dd, J = 12.6, 6.9 Hz, 1H, H-5), 3.88 (dd, J = 17.2, 12.6 Hz, 1H, H-4?), 3.16 (dd, J = 17.2,
6.9 Hz, 1H, H-4°).

13C NMR (101 MHz, CD,Cl,), 6/ppm: 145.6, 144.6, 142.7, 136.8, 123.0 (q, J = 32.4 Hz), 129.6, 129.3,
128.1,126.3,126.1, 125.8 (q, / = 4.0 Hz), 124.7 (q, / = 272.0 Hz), 119.9, 113.9, 64.9, 43.5.

19F NMR (376 MHz, CDCls), 6/ppm: -63.71.

HRMS (APCI+), m/z: calculated for C;;H17F3sN; + H 367.1417 [M+H]", found 367.1418.

Known compound, spectroscopic data corresponds to the literature.?

1H-4,5-Dihydro-1,5-diphenyl-3-(3-methoxyphenyl)pyrazole (4p)

3 4 Pyrazoline synthesis was carried out according to SOP6 using (E)-
3’-methoxychalcone  (7h, 10mmol, 2.38g, 1.0eq.),
phenylhydrazine hydrochloride (10 mmol, 1.45g, 1.0 eq.) and
glacial acetic acid (10 mmol, 600 mg, 1.0 eq.). The mixture was
evaporated to dryness. The product was obtained after
recrystallization from ethanol (ca. 100 mL, reflux to room
temperature) with ultra-sonification during cooling down as a
pale-yellow solid (1.94 g, 5.91 mmol, 59%). The sonification
ensured formation of small crystallites to prevent incorporation of impurities.

'H NMR (400 MHz, (CD;).CO), §/ppm: 7.39 — 7.29 (m, 7H, H-2", H-4", H-6", H-2""’, H-3""), 7.29 — 7.23
(m, 1H, H-4"""), 7.17 — 7.10 (m, 2H, H-3’), 7.10 — 7.05 (m, 2H, H-2’), 6.96 — 6.89 (m, 1H, H-5"), 6.72 (tt,
J=7.1,1.3 Hz, 1H, H-4'), 5.43 (dd, J = 12.3, 6.8 Hz, 1H, H-5), 3.94 (dd, J = 17.4, 12.3 Hz, 1H, H-4?), 3.84
(s, 3H, H-1"""), 3.13 (dd, J = 17.4, 6.8 Hz, 1H, H-4").

13C NMR (101 MHz, (CDs),C0), 6/ppm: 160.8, 147.8, 145.7, 143.8, 135.1, 130.4, 129.9, 129.6, 128.3,
126.8,119.7,119.1, 115.4, 114.1, 111.5, 64.9, 55.6, 44.1.

HRMS (ESI+), m/z: calculated for Co;H20N,0 + H* 329.1648 [M+H]*, found 329.1646.

Known compound, spectroscopic data corresponds to the literature.**

1H-4,5-Dihydro-1,5-diphenyl-3-(4-nitrophenyl)pyrazole (4q)

3 ¥ Pyrazoline synthesis was carried out according to SOP6 using (E)-4’-
nitrochalcone (7i, 10 mmol, 2.53 g, 1.0 eq.), phenylhydrazine
hydrochloride (10 mmol, 1.45g, 1.0 eq.) and glacial acetic acid
(10 mmol, 600 mg, 1.0 eq.). The product was obtained after

4» filtration without further purification as an intense red solid (2.84 g,
8.27 mmol, 83%).

O,N™ 4"
'H NMR (400 MHz, CD,Cl,), §/ppm: 8.25 — 8.19 (m, 2H, H-3”), 7.87 — 7.81 (m, 2H, H-2""), 7.40 — 7.33
(m, 2H, H-3"""), 7.32 - 7.26 (m, 3H, H-2"", H-4"""), 7.23 — 7.17 (m, 2H, H-3’), 7.14 — 7.08 (m, 2H, H-2’),
6.83 (tt, J = 7.2, 1.2 Hz, 1H, H-4’), 5.45 (dd, J = 12.7, 6.8 Hz, 1H, H-5), 3.89 (dd, J = 17.2, 12.7 Hz, 1H,
H-4%),3.17 (dd, J = 17.2, 6.8 Hz, 1H, H-4%).

13C NMR (101 MHz, CD,Cl;), 6/ppm: 147.4, 144.7, 144.0, 142.3, 139.5, 129.6, 129.4, 128.2, 126.2,
126.2,124.3,120.4, 114.1, 65.1, 43.2.

HRMS (ESI+), m/z: calculated for C2;H17N30; + H* 344.1394 [M+H]*, found 344.1394.

Known compound, spectroscopic data corresponds to the literature.*®
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1H-4,5-Dihydro-1,5-diphenyl-3-(4-pivaloylaminophenyl)pyrazole (4r)

3 4 Pyrazoline synthesis was carried out according to SOP6
using (E)-4’-(pivaloylamino)chalcone (7j, 10 mmol, 3.07 g,
1.0 eq.), phenylhydrazine hydrochloride (10 mmol, 1.45 g,
1.0 eq.) and glacial acetic acid (10 mmol, 600 mg, 1.0 eq.).
The product was obtained after filtration without further
purification as a light-orange powder (2.92 g, 7.35 mmol,
73%).

1H NMR (400 MHz, CD,Cl,), 6/ppm: 7.71 - 7.67 (m, 2H, H-2""), 7.61 — 7.56 (m, 2H, H-3""), 7.43 (brs, 1H,
H-5"), 7.37 = 7.30 (m, 4H, H-2"", H-3""), 7.29 — 7.24 (m, 1H, H-4""), 7.19 — 7.12 (m, 2H, H-3'), 7.07 —
7.02 (m, 2H, H-2’), 6.75 (tt,J = 7.2, 1.2 Hz, 1H, H-4"), 5.29 (dd, J = 12.3, 7.1 Hz, 1H, H-5), 3.85 (dd, J = 17.1,
12.3 Hz, 1H, H-4%), 3.12 (dd, J = 17.1, 7.1 Hz, 1H, H-4°), 1.30 (s, 9H, H-8").

13C NMR (101 MHz, CD,Cl,), 6/ppm: 176.8, 147.0, 145.3, 143.1, 139.1, 129.4, 129.2, 128.9, 127.9,
126.7,126.3, 120.1, 119.2, 113.6, 64.7, 43.9, 40.0, 27.7.

HRMS (APCI+), m/z: calculated for CasHa7NsO + H* 398.2227 [M+H]", found 398.2229.

1H-4,5-Dihydro-1,3,5-triphenylpyrazole (4s)
3 4 The synthesis was performed following the recently described
protocol.* In a jacketed 300 mL beaker-type cell equipped with a
magnetic stirring bar with stabilizing ring, benzaldehyde
phenylhydrazone (38.2 mmol, 7.5 g, 1.0 eq.) and styrene (149 mmol,
4" 15.52 g, 3.9 eq.) were dissolved in tert.-butyl methyl ether (60 mL). 1 m
aqueous sodium iodide solution (240 mL) was added. A bipolar pack of
four isostatic graphite electrodes (160 x 50 x 5 mm, spacer: 3 mm) with
animmersion depth of 7 cm and a relevant surface area of 105 cm? was
used. Constant current electrolysis was performed at 32 °C and 750 rpm, with a current density of
32.1 mA cm2 until a charge of 2.58 F (9587 C) was applied. The reaction mixture was transferred to a
separatory funnel and the layers were separated. The aqueous layer was extracted with ethyl acetate
(1 x 100 mL). The combined organic fractions were dried over anhydrous magnesium sulphate, filtered
and the solvent was removed under reduced pressure. Excess styrene was removed by vacuum
distillation. The crude product was recrystallized from isopropanol (ca. 400 mL, reflux to -30 °C) to yield
a yellow solid (7.89 g, 26.4 mmol, 69%).
'H NMR (400 MHz, CDCls), 8/ppm: 7.76 — 7.70 (m, 2H, H-2""), 7.42 — 7.37 (m, 2H, H-3"), 7.37 = 7.30 (m,
5H, H-4”, H-2""", H-3"""), 7.30 — 7.24 (m, 1H, H-4"""), 7.23 —= 7.16 (m, 2H, H-3), 7.11 — 7.06 (m, 2H, H-2"),
6.79 (tt, J=7.2, 1.2 Hz, 1H, H-4’), 5.28 (dd, J = 12.4, 7.3 Hz, 1H, H-5), 3.85 (dd, J = 17.1, 12.4 Hz, 1H,
H-4%),3.15 (dd, J = 17.1, 7.3 Hz, 1H, H-4").
13C NMR (101 MHz, CDCl3), 6/ppm: 146.8, 145.0, 142.7,132.9, 129.3,129.0, 128.7,128.7, 127.7, 126.0,
125.9,119.2, 113.5, 64.6, 43.7.
HRMS (ESI+), m/z: calculated for Cy;H1sN> + H* 299.1543 [M+H]*, found 299.1542.
Known compound, spectroscopic data corresponds to the literature.*1>®
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1H-4,5-Dihydro-1,5-diphenyl-3-(4-methylphenyl)pyrazole (4t)

3 ¥ Pyrazoline synthesis was carried out according to SOP6 using (E)-4’'-
methylchalcone (7k, 10 mmol, 2.22g, 1.0 eq.), phenylhydrazine
hydrochloride (10 mmol, 1.45g, 1.0 eq.) and glacial acetic acid
(10 mmol, 600 mg, 1.0 eq.). The product was obtained after filtration
without further purification as a pale-yellow solid (1.69 g, 5.41 mmol,
54%).

1H NMR (400 MHz, CD,Cl,), 6/ppm: 7.65 —7.61 (m, 2H, H-2""), 7.37 - 7.30 (m, 4H, H-2"", H-3""’), 7.30 —
7.24 (m, 1H, H-4"""), 7.24 — 7.20 (m, 2H, H-3""), 7.19 — 7.14 (m, 2H, H-3’), 7.08 — 7.02 (m, 2H, H-2’), 6.76
(tt, /=7.2,1.2 Hz, 1H, H-4’), 5.28 (dd, J = 12.3, 7.0 Hz, 1H, H-5), 3.85 (dd, J = 17.1, 12.3 Hz, 1H, H-4?),
3.12 (dd, J=17.1, 7.0 Hz, 1H, H-4%), 2.38 (s, 3H, H-5").

13C NMR (101 MHz, CD,Cl,), 8/ppm: 147.5, 145.4, 143.2, 139.3, 130.4, 129.6, 129.4, 129.2, 127.9,
126.3,126.0, 119.2, 113.6, 64.6, 44.0, 21.5.

HRMS (APCI+), m/z: calculated for Ca;HaoN, + H* 313.1699 [M+H]*, found 313.1692.

Known compound, spectroscopic data corresponds to the literature.*®

1H-3-(4-tert.- Butylphenyl) -4,5-dihydro-1,5-diphenylpyrazole (4u)

The synthesis was performed according to the recently described
protocol. In a 50 mL jacketed beaker-type cell equipped with a
cross-shaped stirring bar, 4-tert.-butylbenzaldhyde
phenylhydrazone (3.2 mmol, 808 mg, 1.0eq.) and styrene
(12.5 mmol, 1302 mg, 3.9 eq.) were dissolved in tert.-butyl methyl
ether (5mL). 1 M aqueous sodium iodide solution (20 mL) was
added. Isostatic graphite electrodes (size: 60 x 20 x 3 mm) with an
immersion depth of 2.7 cm and a relevant surface area of 5.4 cm?
were used. Constant current electrolysis was performed at 32 °C
and 800 rpm, with a current density of 32.1 mA cm™ until a charge
of 2.58 F (797 C) was applied. The reaction mixture was transferred to a separatory funnel and the
layers were separated. The aqueous layer was extracted with ethyl acetate (1 x 30 mL). The combined
organic fractions were dried over anhydrous magnesium sulphate, filtered and the solvent was
removed under reduced pressure. After reversed phase flash column chromatography over C-18 silica
with water/acetonitrile (75% — 85% MeCN) the pyrazoline was obtained as an off-white solid (0.80
mmol, 285 mg, 25%).

4 NMR (400 MHz, CD,Cl,), 8/ppm: 7.63 — 7.59 (m, 2H, H-2"), 7.38 — 7.33 (m, 2H, H-3"), 7.31 - 7.22
(m, 4H, H-2""", H-3"""), 7.20 (td, / = 5.3, 3.0 Hz, 1H, H-4"""), 7.12 (tt, /= 7.3, 2.1 Hz, 2H, H-3’), 7.05 — 6.98
(m, 2H, H-2’), 6.71 (tt, J = 7.3, 1.2 Hz, 1H, H-4’), 5.20 (dd, J = 12.3, 7.1 Hz, 1H, H-5), 3.78 (dd, J = 17.0,
12.3 Hz, 1H, H-4%),3.08 (dd, J = 17.0, 7.1 Hz, 1H, H-4%), 1.28 (s, 9H, H-6").

13C NMR (101 MHz, CD,Cl;), 6/ppm: 52.0, 146.9, 145.1, 142.8,130.1, 129.2, 129.0, 127.6, 126.0, 125.7,
125.6,119.0,113.4, 64.5, 43.8, 34.9, 31.4.

HRMS (ESI+), m/z: calculated for CasHaN2 + H+ 355.2169 [M+H]*, found 355.2175.

Known compound, spectroscopic data corresponds to the literature.?
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Methyl 4-(1H-4, 5 -dihydro-1,3-diphenylpyrazol-5-yl)benzoate (4v)

Pyrazoline synthesis was carried out according to SOP6 using
methyl (E)-chalcone-3-carboxylate (71, 10 mmol, 2.66g,
1.0 eq.), phenylhydrazine hydrochloride (10 mmol, 1.45g,
1.0 eq.) and glacial acetic acid (10 mmol, 600 mg, 1.0 eq.). The
product was obtained after filtration without further
purification as a faint yellow powder (3.05 g, 8.56 mmol, 86%).

H NMR (400 MHz, CD,Cl,), 8/ppm: 8.02 — 7.96 (m, 2H, H-3"’), 7.77 — 7.70 (m, 2H, H-2""), 7.45 — 7.38
(m, 4H, H-3", H-2""), 7.38 = 7.32 (m, 1H, H-4"), 7.20 — 7.14 (m, 2H, H-3’), 7.06 — 7.01 (m, 2H, H-2), 6.78
(tt, /=7.3,1.2 Hz, 1H, H-4’), 5.36 (dd, J = 12.4, 7.1 Hz, 1H, H-5), 3.90 (dd, J = 17.2, 12.4 Hz, 1H, H-4?),
3.87 (s, 3H, H-6""), 3.14 (dd, J = 17.2, 7.1 Hz, 1H, H-4°).

13C NMR (101 MHz, CD,Cl,), 6/ppm: 166.9, 148.1, 147.4, 145.1, 133.0, 130.7, 130.1, 129.3, 129.1,
129.0, 126.5, 126.1, 119.6, 113.7, 64.5, 52.4, 43.7.

HRMS (APCI+), m/z: calculated for C23H20N,0, + H* 357.1598 [M+H]*, found 357.1596.

Known compound, spectroscopic data corresponds to the literature.?’

1H-4,5- Dlhydro 1,3-diphenyl-5-(furan-2-yl)pyrazole (4w)

Pyrazoline synthesis was carried out according to SOP6 using (E)-2-(1-
phenylprop-2-en-1-on-3-yl)furane (7m, 10mmol, 1.98g, 1.0eq.),
phenylhydrazine hydrochloride (10 mmol, 1.45g, 1.0 eq.) and glacial
acetic acid (10 mmol, 600 mg, 1.0 eq.). The product was obtained after
filtration without further purification as a grey solid (2.34 g, 8.12 mmol,
81%).

H NMR (400 MHz, CDCls), §/ppm: 7.79 — 7.74 (m, 2H, H-2""), 7.44 — 7.39 (m, 2H, H-3"), 7.38 = 7.33 (m,
2H, H-4”, H-5""), 7.29 = 7.23 (m, 2H, H-3’), 7.22 = 7.17 (m, 2H, H-2’), 6.86 (tt, J = 7.2, 1.3 Hz, 1H, H-4'),
6.31(dd, J = 3.3, 1.8 Hz, 1H, H-4""), 6.24 (dt, J = 3.3, 0.7 Hz, 1H, H-3""), 5.36 (dd, J = 12.2, 6.7 Hz, 1H,
H-5),3.71 (dd, J = 16.9, 12.2 Hz, 1H, H-4%), 3.39 (dd, J = 16.9, 6.7 Hz, 1H, H-4").

13C NMR (101 MHz, CDCls), §/ppm: 153.8, 147.5, 145.1, 142.3,132.7,129.0, 128.9, 128.7, 125.9, 119.7,

113.8, 110.6, 107.1, 58.3, 40.2.

HRMS (APCI+), m/z: calculated for Ci9H16N,O + H* 289.1335 [M+H]*, found 289.1330.
Known compound, spectroscopic data corresponds to the literature.®

1H-4,5-Dihydro-3,5-diphenyl-1-(4-fluorophenyl)pyrazole (4x)

Pyrazoline synthesis was carried out according to SOP6 using diphenyl
(E)-chalcone (9.60 mmol, 2.00g, 1.0 eq.), 4-fluorophenylhydrazine
hydrochloride (11.52 mmol, 1.87g, 1l.2eq.), glacial acetic acid
(9.6 mmol, 576 mg, 1.0 eq.) and methanol as solvent. The product was
obtained after filtration without further purification as light-yellow
crystals (1.69 g, 5.35 mmol, 56%).

H NMR (400 MHz, CD,Cl), 6/ppm: 7.76 — 7.69 (m, 2H, H-2’), 7.50 — 7.24 (m, 8H, H-3', H-2"", H-3", H-
2"), 7.08 — 6.97 (m, 2H, H-3"""), 6.94 — 6.84 (m, 2H, H-4", H-4"""), 5.24 (dd, J = 12.3, 7.6 Hz, 1H, H-5),
3.87(dd, J = 17.2, 12.3 Hz, 1H, H-4?), 3.15 (dd, J = 17.2, 7.6 Hz, 1H, H-4).
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13C NMR (101 MHz, CD,Cl,), 6/ppm: 157.1 (d, J = 236.7 Hz), 147.6, 142.9, 142.1, 133.1, 129.5, 129.2,
129.1,129.0, 128.9, 128.5, 128.1, 127.5 (d, J = 8.6 Hz), 126.4, 126.1, 116.1 (d, J = 23.0 Hz), 115.6 (d, J =
22.4 Hz), 114.7 (d, J = 7.3 Hz), 105.4, 65.4, 44.1.

19¢ NMR (282 MHz CD,Cl,), §/ppm: -125.92 (tt, J = 8.8, 4.7 Hz).

HRMS (ESI+), m/z: calculated for CaiH17FN; + H* 317.1449 [M+H]*, found 317.1448.

1H-1-(4-Chlorophenyl)-4,5-dihydro-3,5-diphenylpyrazole (4y)

Pyrazoline synthesis was carried out according to SOP6 using diphenyl
(E)-chalcone (19.2 mmol, 4.00g, 1.0 eq.), 4-chlorophenylhydrazine
hydrochloride (23.0 mmol, 4.12 g, 1.2 eq.), glacial acetic acid
(19.2 mmol, 1.152 g, 1.0 eq.) and methanol as solvent. The product
was obtained after filtration without further purification as light-yellow
crystals (5.99 g, 18.0 mmol, 94%).

1H NMR (400 MHz, CD;Cl,), 6/ppm: 7.81 — 7.73 (m, 2H, H-2""), 7.50 — 7.27 (m, 8H, H-3", H-4", H-2"",
H-3", H-4"""), 7.21 — 7.13 (m, 2H, H-2’), 7.07 — 7.03 (m, 2H, H-3’), 5.32 (dd, J = 12.3, 6.9 Hz, 1H, H-5),
3.91(dd, J=17.2, 12.3 Hz, 1H, H-4%), 3.20 (dd, J = 17.2, 6.9 Hz, 1H, H-4").

13C NMR (101 MHz, CD,Cl;), 6/ppm: 148.0, 143.8, 142.5, 132.9, 129.5, 129.2, 129.1, 129.0, 128.1,
126.3,126.2,123.9, 114.8, 64.7, 44.0.

HRMS (ESI+), m/z: calculated for Ca1Hi6 3°CIN, + H* 333.1153 [M+H]*, found 333.1146; calculated for
Ca1H163’CIN; + H* 335.1131 [M+H]", found 335.1132.

1H-1-(4-Bromophenyl)-4,5-dihydro-3,5-diphenylpyrazole (4z)

Pyrazoline synthesis was carried out according to SOP6 using diphenyl
(E)-chalcone (6.20 mmol, 1.29g, 1.0 eq.), 4-bromophenylhydrazine
hydrochloride (7.44 mmol, 1.67g, 1l.2eq.), glacial acetic acid
(6.20 mmol, 372 mg, 1.0 eq.) and methanol as solvent. The product
was obtained after filtration without further purification as light-yellow
crystals (2.07 g, 5.49 mmol, 88%).

14 NMR (400 MHz, CD,Cl,), 6/ppm: 7.82 — 7.73 (m, 2H, H-2""), 7.48 — 7.37 (m, 5H, H-3", H-4”", H-2""),
7.36 — 7.28 (m, 5H, H-3’, H-3’”, H-4""’), 7.05 — 6.96 (m, 2H, H-2’), 5.31 (dd, J = 12.3, 6.8 Hz, 1H, H-5),
3.91 (dd, J = 17.3, 12.3 Hz, 1H, H-4%), 3.20 (dd, J = 17.3, 6.8 Hz, 1H, H-4).

13C NMR (101 MHz, CD,Cl;), 6/ppm: 148.10, 144.18, 142.47, 132.90, 131.97, 129.55, 129.23, 128.97,
128.11, 126.26, 126.18, 115.25, 111.15, 64.56, 44.02.

HRMS (ESI+), m/z: calculated for Cy1His "BrN; + H* 377.0648 [M+H]*, found 377.0642; calculated for
C21H163'BrN; + H* 379.0630 [M+H]*, found 379.0625.

1H-1-(2,5-Dichlorophenylphenyl)-4,5-dihydro-3,5-diphenylpyrazole (4a’)

3 4 Pyrazoline synthesis was carried out according to SOP6 using diphenyl
(E)-chalcone (9.60 mmol, 2.00 g, 1.0 eq.), 2,5-dichlorphenylhydrazine
hydrochloride (11.52 mmol, 2.46g, 1.2 eq.), glacial acetic acid
(9.60 mmol, 576 mg, 1.0 eq.) and methanol as solvent. The product
was obtained after filtration without further purification as light-yellow
crystals (3.17 g, 8.64 mmol, 90%).
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'H NMR (400 MHz, CDCls), §/ppm: 7.83 — 7.75 (m, 2H, H-2""), 7.56 (d, J = 2.5 Hz, 1H, H-6’), 7.40 (m, 1H,
H-3", H-4"), 7.24 - 7.07 (m, 6H, H-3', H-2""", H-3"”", H-4""), 6.82 (dd, J = 8.5, 2.5 Hz, 1H, H-4"), 5.95 (dd,
J=11.5,4.1Hz, 1H, H-5), 3.84 (dd, J = 17.1, 11.5 Hz, 1H, H-4%), 3.40 (dd, J = 17.1, 4.1 Hz, 1H, H-4).

13C NMR (101 MHz, CDCls), 6/ppm: 151.4, 144.4,141.2,133.0,132.7,131.5, 129.7, 129.0, 129.0, 128.3,
126.9, 126.5, 123.6, 123.2,122.2, 66.3, 43.2.

HRMS (ESI+), m/z: calculated for Cy1Hie 3°CI*°CIN, + H* 367.0763 [M+H]*, found 367.0759; calculated
for C21H16 **CI¥’CIN; + H* 369.0738 [M+H]*, found 369.0731.

1H-1-(4-Cyanophenyl)-4,5-dihydro-3,5-diphenylpyrazole (4b’)

Pyrazoline synthesis was carried out according to SOP6 using diphenyl
(E)-chalcone (10 mmol, 2.08g, 1.0eq.), 4-cyanophenylhydrazine
hydrochloride (10 mmol, 1.70g, 1.0eq.) and glacial acetic acid
(10 mmol, 600 mg, 1.0 eq.). The product was obtained after filtration
without further purification as faint yellow crystals (2.92 g, 9.08 mmol,
91%).

'H NMR (400 MHz, CDCls), 8/ppm: 7.78 — 7.69 (m, 2H, H-2""), 7.45 — 7.36 (m, 5H, H-3’, H-3", H-4"),
7.37-7.33(m, 2H, H-2""), 7.32 = 7.23 (m, 3H, H-3""", H-4""), 7.09 = 7.01 (m, 2H, H-2’), 5.34 (dd, J = 12.2,
5.9 Hz, 1H, H-5), 3.91 (dd, J = 17.4, 12.2 Hz, 1H, H-4?), 3.22 (dd, J = 17.4, 5.9 Hz, 1H, H-4").

3¢ NMR (101 MHz, CDCl3), §/ppm: 149.9, 147.0, 141.2, 133.4,131.9, 129.7, 129.6, 128.8, 128.2, 126.3,
125.7,120.4, 113.1, 100.6, 63.6, 43.8.

HRMS (ESI+), m/z: calculated for Co;H17N3 + H* 324.1495 [M+H]*, found 324.1493.

1H-1-4,5-Dihydro- 3 5-diphenyl-(4-methylphenyl)pyrazole (4c’)

Pyrazoline synthesis was carried out according to SOP6 using diphenyl
(E)-chalcone (9.6 mmol, 2.00g, 1.0 eq.), 4-methylphenylhydrazine
hydrochloride (11.52 mmol, 1.82g, 1.0eq.), glacial acetic acid
(10 mmol, 600 mg, 1.0 eq.) and methanol as solvent. The product was
obtained after filtration without further purification as faint yellow
crystals (2.98 g, 9.50 mmol, 99%).

'H NMR (400 MHz, CD,Cl,), §/ppm: 7.77 — 7.69 (m, 2H, H-2"), 7.45 — 7.23 (m, 9H, H-2, H-3’, H-3",
H-4", H-2"""), 7.04 - 6.94 (m, 4H, H-3"",4"""),5.28 (dd, J = 12.4, 7.3 Hz, 1H, H-5), 3.84 (dd, /= 17.1, 12.4
Hz, 1H, H-4%), 3.13 (dd, J = 17.1, 7.3 Hz, 1H, H-4%), 2.23 (s, 3H, H-5).

13C NMR (101 MHz, CD,Cl,), 6/ppm: 146.8, 143.2, 143.1, 133.3, 129.7, 129.4, 128.9, 128.8, 128.7,
127.9, 126.4, 126.0, 113.7, 65.0, 43.9, 20.6.

HRMS (ESI+), m/z: calculated for Cx;HyoN> + H" 313.1699 [M+H]*, found 313.1693.

1H-4,5-Dihydro -3,5-diphenyl-1-methylpyrazole (4¢€’)
1 In a 100 mL round bottom flask, diphenyl (E)-chalcone (10.0 mmol,
2 ,N/1 2" 2.00 g, 1.0 eq.) and methylhydrazine (10.0 mmol, 0.46 g, 1.0 eq.) were
N L 4 dissolved in ethanol (30 mL). The mixture was refluxed overnight. The
reaction mixture was allowed to cool to room temperature and the
solvent removed under reduced pressure. The pyrazoline was
obtained without further purification as light-yellow solid (2.36 g,
2.36 mmol, quant.).
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H NMR (400 MHz, CDCls), 8/ppm: 7.69 — 7.64 (m, 2H), 7.52 — 7.46 (m, 2H, H-2""), 7.43 — 7.30 (m, 6H,
H-3”, H-4”, H-3"", H-4""), 4.14 (dd, J = 14.3, 10.0 Hz, 1H, H-5), 3.49 (dd, J = 16.1, 10.0 Hz, 1H, H-4?), 3.02
(dd, J = 16.2, 14.3 Hz, 1H, H-4%), 2.85 (s, 3H, H-1).

13C NMR (101 MHz, CDCls), 5/ppm:

HRMS (ESI+), m/z: calculated for CigH1sN, + H* 237.1386 [M+H]*, found 237.1387.

1H-4,5-Dihydro-3,5-diphenyl-1-(2-hydroxyethyl)pyrazole (4f")

OH 3 In a 100 mL round bottom flask, diphenyl (E)-chalcone (10.0 mmol,

2 2.00g, 1.0eq.) and 2-hydroxyethylhydrazine (10.0 mmol, 0.76 g,
, v om  gw 1.0 eq.) were dissolved in ethanol (30 mL). The mixture was refluxed
N'N ! A overnight. The reaction mixture was allowed to cool to room

temperature and the solvent removed under reduced pressure. The
pyrazoline was obtained after flash column chromatography on C18-
silica (water/MeCN + 0.1 vol% formic acid; 70% - 80% MeCN) as a
colourless solid (2.04 g, 7.66 mmol, 76%).

H NMR (400 MHz, CDCls), 6/ppm: 7.66 — 7.61 (m, 2H, H-2""), 7.50 — 7.45 (m, 2H, H-3"), 7.43 = 7.31 (m,
6H, H-4”, H-2""", H-3"", H-4""), 4.30 (dd, J = 14.1, 10.0 Hz, 1H, H-5), 4.00 (ddd, J = 11.6, 6.0, 4.5 Hz, 1H,
H-27%),3.95 — 3.85 (m, 1H, H-2"*), 3.80 (brs, 1H, H-3’), 3.46 (ddd, J = 16.3, 10.0, 0.9 Hz, 1H, H-1"?), 3.04
—2.91 (m, 3H, H-1'°, H-4).

13C NMR (101 MHz, CDCl3), 6/ppm: 151.2, 140.0, 132.3, 129.3, 129.0, 128.7, 128.2, 127.7, 126.1, 72.5,
62.4,55.6,42.3.

HRMS (ESI+), m/z: calculated for Ci7H18N,0 + H* 267.1492 [M+H]*, found 267.1499.

1H-4,5-Dihydro-1,5-diphenyl -3-methylpyrazole (4g’)
3 4 In a 250 mL round bottom flask, (E)-benzylideneacetone (50 mmol, 7.31 g,
1.0 eq.) and phenylhydrazine (50 mmol, 5.41 g, 1.0 eq.) were dissolved in
ethanol (70 mL) and 3 drops of sulfuric acid were added. The mixture was

2 N 2" 3" refluxed for 3 h, after which only the corresponding hydrazone was formed.
NI " 4 The mixture was evaporated to dryness and glacial acetic acid (125 mL) was
3 ° added. The solution was refluxed for 15 min and left to stand at room

temperature over the weekend for crystallization. The mixture was filtered
and washed with ethanol/water 1:1(v/v). The product was obtained without
further purification as light-brown crystals (3.20 g, 13.5 mmol, 27%).

'H NMR (400 MHz, CDCls), 6/ppm: 7.39 — 7.30 (m, 4H, H-2""", H-3""), 7.32 — 7.23 (m, 1H, H-4""),
7.20—-7.12 (m, 2H, H-3’), 6.99 - 6.91 (m, 2H, H-2’), 6.76 (tt, J= 7.3, 1.1 Hz, 1H, H-4’), 5.02 (dd, /= 11.9,
8.1 Hz, 1H, H-5), 3.42 (ddq, J = 17.5, 11.9, 1.2 Hz, 1H, H-4%), 2.73 (ddq, J = 17.5, 8.1, 1.2 Hz, 1H, H-4%),
2.09 (dd, J=1.2, 1.2 Hz, 3H, H-1").

13C NMR (101 MHz, CDCl3), 6/ppm: 148.6, 146.2, 143.1, 129.1, 129.0, 127.5, 126.0, 118.7, 113.2, 64.9,
47.9, 16.0.

HRMS (APCI+), m/z: calculated for CisH1sN, + H* 237.1386 [M+H]*, found 237.1381.

Known compound, spectroscopic data corresponds to the literature.?
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1H-3-Cyclopropyl-4,5-dihydro-1,5-diphenylpyrazole (4h’)

4 Pyrazoline synthesis was carried out according to SOP6 using (E)-1-
cyclopropyl-3-phenylprop-2-en-1-one (7n, 10 mmol, 1.72g, 1.0eq.),

2\ phenylhydrazine hydrochloride (10 mmol, 1.45g, 1.0 eq.) and glacial
acetic acid (10 mmol, 600 mg, 1.0 eq.). The product was obtained after

flash column chromatography on silica with cyclohexane/ethyl acetate

(0% = 5% EtOAc) as a light-yellow solid (1.93 g, 7.36 mmol, 74%).

1H NMR (400 MHz, CD,Cl,), 6/ppm: 7.38 — 7.32 (m, 2H, H-3""), 7.31 — 7.24 (m, 3H, H-2"", H-4""),
7.19-7.06 (m, 2H, H-3’), 6.95 - 6.86 (m, 2H, H-2’), 6.70 (tt, J= 7.3, 1.1 Hz, 1H, H-4’), 5.01 (dd, /= 11.8,
7.7 Hz, 1H, H-5), 3.30 (dd, J = 17.2, 11.8 Hz, 1H, H-4%), 2.57 (dd, J = 17.2, 7.7 Hz, 1H, H-4°), 1.83 (tt,
J=8.3,5.1Hz, 1H, H-1”), 0.92 = 0.84 (m, 2H, H-2"?), 0.84 — 0.72 (m, 2H, H-2"").

13C NMR (101 MHz, CD,Cl;), 6/ppm: 153.4, 146.1, 143.1, 129.0, 128.7,127.4, 125.9, 118.2,112.9, 64.2,
44.0,11.2,5.9,5.7.

HRMS (ESI+), m/z: calculated for CigH1gN, + H* 263.1543 [M+H]*, found 263.1548.

Known compound, spectroscopic data corresponds to the literature.

(E)-1H-4,5-Dihydro-1, 5 -diphenyl-3-(B-styryl)pyrazole (4i’)

In a 50 mL round bottom flask, (1E,4E)-1,5-diphenylpenta-1,4-
dien-3-one (4.27 mmol, 1.00g, 1.0 eq.) and phenylhydrazine
(4.27 mmol, 462 mg, 1.0 eq.) were dissolved in glacial acetic acid
(20 mL) and refluxed for 10 min. After cooling to room
temperature, the mixture was left to rest overnight. The
suspension was filtered and the solid washed with cold ethanol to
yield the product as a bright-yellow powder (971 mg, 2.99 mmol,
70%) without further purification.

'H NMR (400 MHz, CDsCN), 6/ppm: 7.56 — 7.50 (m, 2H, H-4"), 7.40 — 7.31 (m, 4H, H-5", H-2""),
7.31-7.24 (m, 4H, H-6", H-3"", H-4’"), 7.21 (d, J = 16.4 Hz, 1H, H-2"), 7.17 — 7.12 (m, 2H, H-3’),
7.01-6.95 (m, 2H, H-2’), 6.74 (tt, J = 7.3, 1.1 Hz, 1H, H-4’), 6.72 (d, J = 16.4 Hz, 1H, H-1"), 5.39 (dd,
J=12.2,6.2 Hz, 1H, H-5),3.76 (ddd, J=17.1, 12.2, 0.9 Hz, 1H, H-4%), 2.98 (ddd, /=17.1, 6.2, 0.9 Hz, 1H,
H-4b).

13C NMR (101 MHz, CDsCN), 8/ppm: 149.9, 145.1, 143.7, 137.8, 134.0, 130.1, 129.9, 129.8, 129.1,
128.6, 127.6, 126.9, 122.3,120.0, 114.2, 64.5, 42.9.

HRMS (APCI+), m/z: calculated for C;3sHyoN, + H* 325.1699 [M+H]*, found 325.1717.

Known compound, spectroscopic data corresponds to the literature.®®

Ethyl 1H-3a,7a-cis-3a,4,5,6,7,7a-hexahydro-4,7-methano-1-phenylindazole-3-carboxylate (4j’)

3 4 Pyrazoline synthesis was carried out according to SOP7 using ethyl

glyoxylate phenylhydrazone (6, 15.6 mmol, 3.00g, 1.0eq.) and

z ) norbornene (42.1 mmol, 3.96 g, 2.7 eq.). A charge of 5.4 F (8128 C) was

7a , applied. The product was obtained after flash column chromatography on

| cis silica with cyclohexane/ethyl acetate (0% - 3% EtOAc) as a yellow solid
a) (3.55 g, 12.5 mmol, 80%).

H NMR (400 MHz, CDCI;), &/ppm: 7.32 —7.27 (m, 2H, H-3'), 7.23 — 7.18 (m, 2H, H-2’), 6.93 (tt, J = 7.3,
1.2 Hz, 1H, H-4"), 4.39 — 4.26 (m, 2H, H-2”), 4.23 (d, J = 10.0 Hz, 1H, H-7a), 3.42 (d, J = 10.0 Hz, 1H,
H-3a), 2.82 — 2.77 (m, 1H, H-7), 2.71 - 2.66 (m, 1H, H-4), 1.67 — 1.54 (m, 2H, H-52, H-6?), 1.46 — 1.29 (m,
3H, H-5°, H-6°, H-82), 1.37 (t, J = 7.1 Hz, 3H, H-3"), 1.27 — 1.18 (m, 1H, H-8").
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13C NMR (101 MHz, CDCls), 6/ppm: 163.1, 142.4, 141.1, 129.2, 121.0, 114.0, 69.2, 61.0, 54.3, 41.6,
40.9,33.2,27.7,24.7, 14.5.

HRMS (ESI+), m/z: calculated for C17H,0N20; + H* 285.1598 [M+H]*, found 285.1599.

Known compound, spectroscopic data corresponds to the literature.?

1H-4,5- D|hydro 1,3-diphenyl-5-(thien-2-yl)pyrazole (4k’)

Pyrazoline synthesis was carried out according to SOP6 using (E)-2-(1-
phenylprop-2-en-1-on-3-yl)thiophene (70, 10 mmol, 2.14g, 1.0 eq.),
phenylhydrazine hydrochloride (10 mmol, 1.45g, 1.0 eq.) and glacial
acetic acid (10 mmol, 600 mg, 1.0 eq.). The product was obtained after
filtration without further purification as an off-white solid (2.77 g,
9.10 mmol, 91%).

1H NMR (400 MHz, CD,Cl,), 8/ppm: 7.80—7.74 (m, 2H, H-2"), 7.47-7.34 (m, 3H, H-3", H-4"),
7.27-7.15 (m, 5H, H-2’, H-3’, H-5"""), 7.06 (ddd, J = 3.5, 1.2, 0.6 Hz, 1H, H-3""’), 6.97 (dd, /= 5.1, 3.5 Hz,
1H, H-4""), 6.84 (tt, J = 7.1, 1.4 Hz, 1H, H-4"), 5.59 (dd, J = 11.9, 6.8 Hz, 1H, H-5), 3.84 (dd, J = 17.0,
11.9 Hz, 1H, H-4%), 3.29 (dd, J = 17.0, 6.8 Hz, 1H, H-4°).

13C NMR (101 MHz, CD,Cl;), 6/ppm: 148.0, 146.5, 145.4, 133.0, 129.2, 129.2, 129.0, 127.3, 126.2,
125.3,124.8,119.9, 114.1, 60.8, 44.2.

HRMS (APCI+), m/z: calculated for Ci9H16N,S + H* 305.1107 [M+H]*, found 305.1100.

Known compound, spectroscopic data corresponds to the literature.®

1H-4,5- D|hydro 1,5-diphenyl-3-(thien-2-yl)pyrazole (4l’)

Pyrazoline synthesis was carried out according to SOP6 using (E)-2-
cinnamoylthiophene (6p, 10 mmol, 2.14 g, 1.0 eq.), phenylhydrazine
hydrochloride (10 mmol, 1.45g, 1.0eq.) and glacial acetic acid
(10 mmol, 600 mg, 1.0 eq.). The product was obtained after flash column
chromatography on silica with cyclohexane/ethyl acetate (0% - 5%
EtOAc) as a yellow powder (1.71 g, 5.62 mmol, 56%).

'H NMR (400 MHz, (CD3),CO0), 6/ppm: 7.49 (dd, J = 5.1, 1.1 Hz, 1H, H-5"), 7.38 — 7.32 (m, 4H, H-2"",
H-3"), 7.30 — 7.24 (m, 1H, H-4"""), 7.20 (dd, J = 3.6, 1.1 Hz, 1H, H-3"), 7.16 — 7.10 (m, 2H, H-3’), 7.07
(dd, J = 5.1, 3.6 Hz, 1H, H-4""), 7.05 — 7.00 (m, 2H, H-2’), 6.72 (tt, J = 7.3, 1.2 Hz, 1H, H-4’), 5.43 (dd,
J=12.2,6.8 Hz, 1H, H-5), 3.96 (dd, J = 17.2, 12.2 Hz, 1H, H-4?), 3.14 (dd, J = 17.2, 6.8 Hz, 1H, H-4°).

13C NMR (101 MHz, (CDs),CO), 6/ppm: 145.6, 144.3, 143.6, 137.3, 129.9, 129.6, 128.4, 128.4, 127.6,
127.6,126.8, 119.7, 114.1, 65.0, 44.8.

HRMS (APCI+), m/z: calculated for Ci9H16N,S + H* 305.1107 [M+H]*, found 305.1101.

Known compound, spectroscopic data corresponds to the literature.®

1H-1-(4-Chlorophenyl)-4,5-dihydropyrazol-3-ol (4m’)

o 3 In a 100 mL two-necked round bottom flask, sodium (125 mmol,
» ; 1 4,C| 2.87 g, 5.0eq.) was dissolved in methanol (50 mL) under argon
HO3/ N7 atmosphere. The solution was allowed to cool to 30°C, 4-

chlorophenylhydrazine hydrochloride (25.0 mmol, 4.48 g, 1.0 eq.) was
added, and the mixture was stirred for 10 min. Methyl acrylate
(75 mmol, 6.46 g, 3.0 eq.) was added, and the mixture was refluxed for 6 h until no hydrazine was
observed anymore as by TLC analysis. The mixture was evaporated under reduced pressure, taken up
in water (30 mL) and acidified to pH 6.0-6.5 with 2 M hydrochloric acid. The mixture was extracted
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trice with ethyl acetate (100 mL each). The combined organic fractions were washed with 100 mL
brine, dried over sodium sulphate, and evaporated under reduced pressure. The residue was
recrystallized from ethyl acetate (ca. 25 mL, reflux to -30 °C) to yield the product as a light-orange solid
(1.26 g, 6.41 mmol, 26%). The mother liquor was purified by flash column chromatography on silica
with cyclohexane/ethyl acetate (10% —> 90% EtOAc) to yield further product as a light-orange solid
(1.16 g, 5.90 mmol, 24%). Overall yield: 2.42 g, 12.3 mmol, 49%.

'H NMR (600 MHz, DMSO-ds), 6/ppm: 10.21 (brs, 1H, H-1"), 7.34 — 7.28 (m, 2H, H-2), 7.01 - 6.96 (m,
2H, H-3’), 3.81 (t, /= 8.1 Hz, 2H, H-5), 2.43 (t, J = 8.1 Hz, 2H, H-4).

13C NMR (151 MHz, DMSO-ds), §/ppm: 173.8, 150.6, 128.7, 124.8,117.1, 53.4, 29.9.

HRMS (ESI-), m/z: calculated for CsHs>>CIN,O - H* 195.00331 [M-H]*, found 195.0328; calculated for
CsHs*"CIN,0 - H* 197.0303 [M-H]*, found 197.0309.

Known compound, spectroscopic data corresponds to the literature.?%

9. Synthesized Pyrazoles

Ethyl 1H-1,5-diphenylpyrazole-3-carboxylate (5a)
Product synthesis was carried out according to SOP2 using ethyl 1H-
s 4,5-dihydro-1,5-diphenylpyrazole-3-carboxylate (4a, 3.75 mmol,
o 1.096 g). The pyrazole was obtained after flash column
1 chromatography on silica (cyclohexane/ethyl acetate; 3% > 5%
EtOAc) as a light-yellow solid (845 mg, 2.89 mmol, 77%).

14 NMR (400 MHz, CDCls), §/ppm: & 7.39 — 7.27 (m, 8H, H-2', H-3', H-2"", H-3""), 7.24 — 7.19 (m, 2H,
H-4’, H-4'"), 7.05 (s, 1H, H-4), 4.46 (q, J = 7.1 Hz, 2H, H-2""), 1.43 (t, /= 7.1 Hz, 3H, H-3").

13C NMR (101 MHz, CDCl3), 6/ppm: 162.6, 144.7,144.5,139.6,129.7,129.1, 128.9, 128.8, 128.7, 128.5,
125.8,110.0, 61.3, 14.5.

HRMS (ESI+), m/z: calculated for CigH16N,0, + H* 293.1285 [M+H]*, found 293.1288.

Known compound, spectroscopic data corresponds to the literature.*?%23

Scale-up (26.25 mmol):

Ina 200 mL beaker-type cell, pyrazoline 4a (26.25 mmol, 7.718 g) was dissolved in 35 mL ethyl acetate.
Pyridine (10.5 mmol, 830 mg, 0.4 eq.) and 145 mL 1 M NaCl (aq.) were added, the cell immersed in an
oil bath and heated to 70 °C. The reaction mixture was stirred vigorously (750 rpm) and subjected to
electrolysis using BDD electrodes (size: 14 x 4 x 0.2 cm, immersion depth: 5 cm, relevant anode surface
area: 20 cm?), a current density of 15 mA/cm?, until an amount of charge of 5.25 F (13296 C) was
applied. The reaction mixture was allowed to cool to room temperature and transferred to a

separatory funnel. The layers were separated, and the aqueous layer extracted with ethyl acetate (4 x
50 mL). The combined organic fractions were dried over anhydrous magnesium sulphate and filtered
through a pad of silica. The solvent was removed under reduced pressure, the brown residue dissolved
in ethanol, diluted with cyclohexane (EtOH/cyclohexane 1:9 v/v) and filtered through a frit. After
removal of the solvents under reduced pressure, the pyrazole was obtained as a yellow solid (6.818 g,
23.34 mmol, 89%).
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3-Ethyl, 5-methyl 1H-1-phenylpyrazole-3,5-dicarboxylate (5b)

Product synthesis was carried out according to SOP3 using 3-ethyl 5-
&

3 methyl  1H-4,5-dihydro-1-phenylpyrazole-3,5-dicarboxylate  (4b,
» 3.75 mmol, 1.036 g) applying an amount of charge of 3.75 F (1356 C).
g The pyrazole was obtained after flash column chromatography on
2 N-N T 0 silica (cyclohexane/ethyl acetate; 3% - 5% EtOAc) as a light-yellow
. ot Wan solid (960 mg, 3.50 mmol, 93%).
~ 3 0—2

0

'H NMR (400 MHz, CDCls), 6/ppm: 7.45 (s, 1H, H-4), 7.42 — 7.36 (m, 5H, H-2’, H-3’, H-4"), 4.37 (q, J =
7.1 Hz, 2H, H-2"),3.73 (s, 3H, H-2""), 1.34 (t, J = 7.1 Hz, 3H, H-3").

13C NMR (101 MHz, CDCl3), 6/ppm: 161.3, 158.7, 143.7, 139.5, 134.3, 129.2, 128.5, 126.0, 114.5, 61.2,
52.2,14.2.

HRMS (ESI+), m/z: calculated for C14H14N,04 + H* 275.1026 [M+H]*, found 275.1035.

Known compound, spectroscopic data corresponds to the literature.?*

Ethyl 1H-4,5-dihydro-5-(dimethylcarbamoyl)-1-phenylpyrazole-3-carboxylate (5c)

y 4 Product synthesis was carried out according to SOP2 using ethyl 1H-

4,5-dihydro-5-(dimethylcarbamoyl)-1-phenylpyrazole-3-carboxylate

2 (4c, 3.75 mmol, 1085 mg), applying an amount of charge of 3.25 F

) 1’\'1 "o (1176 C). The pyrazole was obtained after flash column
N 1

| chromatography on silica (cyclohexane/ethyl acetate; 10% - 100%
3" o & N— 2» EtOAc) as a light-yellow solid (735 mg, 2.75 mmol, 73%).
~ 3 4 /
o
O 3m

'H NMR (400 MHz, CDCls), 6/ppm: 7.55 — 7.47 (m, 2H, H-3"), 7.45 — 7.32 (m, 4H, H-2’, H-4’), 7.00 (s,
1H, H-4), 4.40 (q, J = 7.1 Hz, 2H, H-2"), 2.95 (s, 3H, H-2"""), 2.70 (s, 3H, H-3"""), 1.37 (t, J = 7.1 Hz, 3H, H-
3”).

13C NMR (101 MHz, CDCls), §/ppm: 161.8, 161.6, 144.3, 139.2, 138.1, 129.3, 128.8, 123.5, 110.0, 61.4,
38.1,35.0, 14.4.

HRMS (ESI+), m/z: calculated for CisH17N303 + H* 288.1343 [M+H]*, found 288.1347.

Known compound, spectroscopic data corresponds to the literature.?*

Ethyl 1H-5-cyano-1-phenylpyrazole-3-carboxylate (5d)
3 4 Product synthesis was carried out according to SOP2 using ethyl 1H-5-

cyano-4,5-dihydro-1-phenylpyrazole-3-carboxylate  (4d, 3.75 mmol,
2 ) 912 mg), applying an amount of charge of 3.25 F (1176 C). The pyrazole

2 was obtained after flash column chromatography on silica
. W —N (cyclohexane/ethyl acetate; 3% > 10% EtOAc) as a light-yellow solid
IO (629 mg, 2.61 mmol, 70%).
o
@)

'H NMR (400 MHz, CDCls), §/ppm: 7.76 — 7.67 (m, 2H, H-3'), 7.59 — 7.45 (m, 4H, H-4, H-2', H-4’), 4.44
(9,/=7.2 Hz, 2H, H-2""), 1.40 (t, J = 7.2 Hz, 3H, H-3").

13C NMR (101 MHz, CDCl3), 6/ppm: 160.6, 145.0, 138.0, 130.0, 129.8, 123.6, 118.2, 115.7, 110.1, 61.9,
14.4.

HRMS (ESI+), m/z: calculated for C13H11N3O; + H* 242.0924 [M+H]*, found 242.0915.

Known compound, spectroscopic data corresponds to the literature.?*
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Ethyl 1H-1-(4-chlorophenyl)-5-phenylpyrazole-3-carboxylate (5e)

Product synthesis was carried out according to SOP2 using ethyl 1H-1-
(4-chlorophenyl)-4,5-dihydro-5-phenylpyrazole-3-carboxylate  (4e,
3.75 mmol, 1.230 g) applying an amount of charge of 5 F (1809 C).
The pyrazole was obtained after flash column chromatography on
silica (cyclohexane/ethyl acetate; 3% - 5% EtOAc) as a light-yellow
solid (997 mg, 3.06 mmol, 82%).

1H NMR (400 MHz, CDCls), 6/ppm: 7.36 — 7.26 (m, 7H, H-3’, H-2""’, H-3""’, H-4"""), 7.23 = 7.18 (m, 2H, H-
2’),7.03 (s, 1H, H-4), 4.45 (q, J = 7.1 Hz, 2H, H-2"), 1.42 (t, J = 7.1 Hz, 3H, H-3").

13C NMR (101 MHz, CDCls), §/ppm: 162.2,144.7,144.6,138.0,134.1,129.2,129.1, 129.0, 128.9, 128.7,
126.8,110.2, 61.2, 14.4.

HRMS (ESI+), m/z: calculated for C1gH153°CIN,0, + H* 327.0895 [M+H]*, found 327.0906; calculated for
Ci1sH15*’CIN,O, + H* 329.0872 [M+H]*, found 329.0880.

Known compound, spectroscopic data corresponds to the literature.??

3-Ethyl, 4,5-dimethyl 1H-1-phenylpyrazole-3,4,5-tricarboxylate (5f)

3 ¥ Product synthesis was carried out according to SOP2 using 3-ethyl,
4,5-dimethyl 1H-4,5-trans-4,5-dihydro-1-phenylpyrazole-3,4,5-tricar-
boxylate (4f, 3.75 mmol, 1253 mg), applying an amount of charge of
3.75 F (1357 C). The pyrazole was obtained after filtration through a
pad of silica with EtOAc as a light-brown solid (1105 mg, 3.33 mmol,
89%).

'H NMR (400 MHz, CDCls), 8/ppm: 7.49 — 7.33 (m, 5H, H-2’, H-3', H-4’, H-5"), 4.38 (q, J = 7.1 Hz, 2H, H-
2"),3.92 (s, 3H, H-2"""), 3.74 (s, 3H, H-2""""), 1.34 (t, J = 7.1 Hz, 3H, H-3").

13C NMR (101 MHz, CDCl3), §/ppm: 163.2,160.5, 158.1, 141.3,138.9, 133.3,129.7,128.9, 125.8,121.0,
61.8,52.9,52.9,14.1.

HRMS (ESI+), m/z: calculated for C1¢H16N20s + H" 333.1081 [M+H]*, found 333.1076.

Known compound, spectroscopic data corresponds to the literature.®

Ethyl 1H-5-(diethoxyphosphoryl)-1-phenylpyrazole-3-carboxylate (5g)

3 4 Product synthesis was carried out according to SOP2 using ethyl 1H-
5-(diethoxyphosphoryl)-4,5-dihydro-1-phenylpyrazole-3-carboxylate

z D (4g, 2.64 mmol, 936 mg), applying an amount of charge of 4F
N 1w O (1018 C). The pyrazole was obtained after flash column
N| Ve ,F{\/ ) chromatography on silica (cyclohexane/ethyl acetate; 1% —> 20%

3" \/O Vs 0 O—\ EtOAc) as a colourless oil (612 mg, 1.74 mmol, 66%).

H NMR (400 MHz, CD.Cl,), §/ppm: 7.67 — 7.63 (m, 2H, H-3’), 7.53 — 7.48 (m, 3H, H-2, H-4’), 7.39 (d,
J=2.6 Hz, 1H, H-4), 4.38 (q, J = 7.1 Hz, 2H, H-2""), 4.10 — 3.93 (m, 4H, H-2""), 1.38 (t, J = 7.1 Hz, 3H, H-
3”),1.18 (t, J = 7.0 Hz, 6H, H-3"").

13C NMR (101 MHz, CD,Cl,), 6/ppm: 161.8, 144.5 (d, J = 16.4 Hz), 140.5, 136.0, 133.8, 129.7, 129.2,
125.9,119.3 (d, J= 17.7 Hz), 63.6 (d, J = 5.9 Hz), 61.6, 16.3 (d, J = 6.6 Hz), 14.5.
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31p NMR (162 MHz, CDCl;), 6/ppm: 3.75.
HRMS (ESI+), m/z: calculated for C16H21N20sP + H* 353.1261 [M+H]*, found 353.1257.

Ethyl 1H-1-phenyl-5-((trimethylsilyl)methyl)pyrazole-3-carboxylate (5h)
3 4 Product synthesis was carried out according to SOP2 using ethyl 1H-
4,5-dihydro-1-phenyl-5-((trimethylsilyl)methyl)pyrazole-3-carboxy-
late (4h, 2.94 mmol, 896 mg), applying an amount of charge of 3.25 F
(922 C). The pyrazole was obtained after flash column
. W chromatography on silica (cyclohexane/ethyl acetate; 1% - 20%
¥ ONC2 4 Si— 2" EtOAc) as a colourless oil (448 mg, 1.48 mmol, 50%).

IH NMR (400 MHz, CDCl3), 6/ppm: 7.51 — 7.35 (m, 5H, H-2’, H-3’, H-4’), 6.59 (s, 1H, H-4), 4.39 (q,
J=7.1Hz, 2H, H-2"), 2.10 (s, 2H, H-1"""), 1.38 (t, /= 7.1 Hz, 3H, H-3"’), -0.08 (s, 9H, H-2""’).

13C NMR (101 MHz, CDCls), 6/ppm: 162.9, 144.0, 143.5, 139.4, 129.2, 128.8, 126.6, 107.2, 61.0, 16.1,
145, -1.5.

HRMS (ESI+), m/z: calculated for Ci16H22N20,%8Si + H* 303.1523 [M+H]*, found 303.1531, calculated for
Ci16H22N20,2°Si + H* 304.1547 [M+H]*, found 304.1555, calculated for CisH2:N,0,%°Si + H* 305.1529
[M+H]*, found 305.1534.

1H-3-(2-Chlorophenyl)-1,5-diphenylpyrazole (5i)

3 4 Product synthesis was carried out according to SOP2 using 1H-3-(2-
chlorophenyl)-4,5-dihydro-1,5-diphenylpyrazole  (4i, 1.50 mmol,
499 mg), applying an amount of charge of 4 F (579 C). The pyrazole was
obtained after flash column chromatography on C18-silica
(water/MeCN + 0.1 vol% formic acid; 70% > 88% MeCN) as a light-
yellow solid (248 mg, 0.75 mmol, 50%).

14 NMR (400 MHz, €DCls), 6/ppm: 8.02 (dd, J = 7.7, 1.6 Hz, 1H, H-6"), 7.51 (dd, J = 7.8, 1.6 Hz, 1H,
H-4"),7.47 = 7.24 (m, 12H, H-2’, H-3, H-&', H-3", H-5”, H-2"", H-3"", H-&4'""), 7.12 (s, 1H, H-4).

13C NMR (101 MHz, CDCls), 6/ppm: 149.7, 143.5, 140.1, 132.4,132.1, 130.8, 130.5, 130.4, 129.1, 129.0,
128.9,128.6,128.4,127.6,127.0, 125.4., 109.1.

HRMS (ESI+), m/z: calculated for Co1H1s*>CIN; + H* 331.0997 [M+H]*, found 331.0993; calculated for
C21H15¥’CIN; + H* 333.0974 [M+H]*, found 333.0970.

Known compound, spectroscopic data corresponds to the literature.®

1H-3-(3-Chlorophenyl)-1,5-diphenylpyrazole (5j)

3 ¥ Product synthesis was carried out according to SOP2 using 1H-3-(3-
chlorophenyl)-4,5-dihydro-1,5-diphenylpyrazole (4j, 1.50 mmol,
499 mg), applying an amount of charge of 3.25 F (470 C). The pyrazole
was obtained after flash column chromatography on C18-silica
(water/MeCN + 0.1 vol% formic acid; 70% - 85% MeCN) as a light-
yellow solid (222 mg, 0.67 mmol, 45%).

H NMR (400 MHz, CDCls), 6/ppm: 8.02 —7.96 (m, 1H, H-2""), 7.86 — 7.79 (m, 1H, H-6"), 7.44 — 7.28 (m,
12H, H-2, H-3', H-&, H-4", H-5", H-2"", H-3"", H-4""), 6.83 (s, 1H, H-4).

13C NMR (101 MHz, CDCls), §/ppm: 150.7, 144.7, 140.1, 135.0, 134.7, 130.4, 130.0, 129.0, 128.8, 128.6,
128.5,128.0, 127.7, 125.9, 125.3, 124.0, 105.3.
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HRMS (ESI+), m/z: calculated for C:H1s3°CIN; + H* 331.0997 [M+H]*, found 331.1000; calculated for
Ca:H1s*’CIN, + H* 333.0974 [M+H]*, found 333.0980.
Known compound, spectroscopic data corresponds to the literature.?®

1H-1,5-Diphenyl-3-(4-fluorophenyl)pyrazole (5k)
3 ¥ Product synthesis was carried out according to SOP2 using 1H-4,5-
' dihydro-1,5-diphenyl-3-(4-fluorophenyl)pyrazole  (4k, 1.50 mmol,
2 ) o 475 mg), applying an amount of charge of 3.25 F (470 C). The pyrazole
was obtained after flash column chromatography on C18-silica
4" (water/MeCN + 0.1 vol% formic acid; 70% - 80% MeCN) as a colourless
solid (283 mg, 0.90 mmol, 60%).

F74

1H NMR (400 MHz, CDCls), 8/ppm: 7.98 — 7.88 (m, 2H, H-2""), 7.45 — 7.24 (m, 10H, H-2/, H-3', H-#,
H-2"", H-3", H-4"""),7.20 — 7.10 (m, 2H, H-3"), 6.80 (s, 1H, H-4).

13C NMR (101 MHz, CDCls), §/ppm: 162.8 (d, J = 246.6 Hz), 151.1, 144.6, 140.1, 130.5, 129.4 (d, J =
3.2 Hz), 129.0, 128.8,128.6, 128.4, 127.6, 127.5 (d, /= 3.6 Hz), 125.3, 115.6 (d, J = 21.6 Hz), 105.1.

F NMR (376 MHz, CDCl;), 6/ppm: -115.2 —-115.3 (m).

HRMS (ESI+), m/z: calculated for Co1H1sFNy + H* 315.1292 [M+H]*, found 315.1291.

Known compound, spectroscopic data corresponds to the literature.??’

1H-3-(4- Chlorophenyl) -1,5-diphenylpyrazole (5I)

Product synthesis was carried out according to SOP3 using 1H-3-(4-
chlorophenyl)-4,5-dihydro-1,5-diphenylpyrazole (41, 1.50 mmol,
501 mg), applying an amount of charge of 4 F (579 C). The pyrazole
was obtained after filtration through a pad of silica with EtOAc and
recrystallization from ethanol (ca. 20 mL, reflux to rt) as a yellow solid
(438 mg, 1.32 mmol, 88%).

H NMR (400 MHz, CDCls), §/ppm: 7.97 — 7.89 (m, 2H, H-2""), 7.50 — 7.40 (m, 2H, H-3"), 7.39 - 7.23 (m,
10H, H-2’, H-3', H-&, H-2"", H-3""", H-4"""), 6.83 (s, 1H, H-4).

13C NMR (101 MHz, CDCls), 6/ppm: 152.4, 144.5,138.8,133.1,132.9,130.4, 129.2, 128.9, 128.8, 128.8,
128.7,128.3,126.4,125.9, 105.7.

HRMS (ESI+), m/z: calculated for C:H1s3°CIN; + H* 331.0997 [M+H]*, found 331.0993; calculated for
C21H15¥CIN; + H* 333.0974 [M+H]", found 333.0971.

Known compound, spectroscopic data corresponds to the literature 3232627

1H-3-(4- Bromophenyl) 1,5-diphenylpyrazole (5m)

Product synthesis was carried out according to SOP2 using 1H-3-(4-
bromophenyl)-4,5-dihydro-1,5-diphenylpyrazole (4m, 1.50 mmol,
566 mg), applying an amount of charge of 4 F (470 C). The pyrazole
was obtained after filtration through a pad of silica with EtOAc as a
yellow solid (490 mg, 1.30 mmol, 87%).

H NMR (400 MHz, CDCls), 6/ppm: 7.86 —7.78 (m, 2H, H-2""), 7.61 — 7.53 (m, 2H, H-3"), 7.42 - 7.22 (m,
10H, H-2’, H-3', H-&, H-2""", H-3""", H-4'"), 6.80 (s, 1H, H-4).
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13C NMR (101 MHz, CDCls), §/ppm: 151.0, 144.7,140.1, 132.1, 131.9, 130.5, 129.1, 128.8, 128.6, 128.5,
127.7,127.5, 125.4, 122.0, 105.2.

HRMS (ESI+), m/z: calculated for Cy1H1s”°BrN, + H* 375.0491 [M+H]*, found 375.0492; calculated for
Ca1H1s81BrN, + H* 377.0473 [M+H]*, found 377.0476.

Known compound, spectroscopic data corresponds to the literature.??’

1H-1,5-Diphenyl-3-(4-iodophenyl)pyrazole (5n)

3 & Product synthesis was carried out according to SOP2 using 1H-4,5-
dihydro-1,5-diphenyl-3-(4-iodophenyl)pyrazole (4n, 1.50 mmol,
636 mg), applying an amount of charge of 4.5 F (651 C). The pyrazole
was obtained after flash column chromatography on C18-silica
(water/MeCN + 0.1 vol% formic acid; 70% — 80% MeCN) as a colourless
solid (289 mg, 0.68 mmol, 46%).

H NMR (400 MHz, CDCls), 6/ppm: 7.79 — 7.73 (m, 2H, H-2""), 7.71 - 7.66 (m, 2H, H-3""), 7.39 = 7.24 (m,
10H, H-2’, H-3", H-&', H-2"", H-3""", H-4"""), 6.80 (s, 1H, H-4).

13C NMR (101 MHz, CDCls), 6/ppm: 151.0, 144.7,140.1, 137.8,132.7,130.4, 129.1, 128.8, 128.6, 128.5,
127.7,127.7,125.4, 105.2, 93.6.

HRMS (ESI+), m/z: calculated for C2;HisIN, + H* 423.0353 [M+H]*, found 423.0348.

1H-1,5-Diphenyl-3-(4-(trifluoromethyl)phenyl)pyrazole (50)

3 4 Product synthesis was carried out according to SOP2 using 1H-4,5-
dihydro-1,5-diphenyl-3-(4-(trifluoromethyl)phenyl)pyrazole (40,
1.50 mmol, 549 mg), applying an amount of charge of 3.25F
(470 C). The pyrazole was obtained after filtration through a pad of

4" silica with cyclohexane/ethyl acetate (2:1 v/v) and recrystallization
from ethanol (ca. 20 mL, reflux to rt) as a light-yellow solid (387 mg,
1.06 mmol, 71%).
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'H NMR (400 MHz, CDCl3), §/ppm: 8.16 — 7.98 (m, 2H, H-2""), 7.81 = 7.65 (m, 2H, H-3""), 7.52 = 7.27 (m,
10H, H-2’, H-3, H-&’, H-2"", H-3"", H-4""), 6.89 (s, 1H, H-4).

13C NMR (101 MHz, CDCl;), §/ppm: 150.5, 144.8, 140.0, 136.6, 130.3, 129.8 (q, J = 32.4 Hz), 129.1,
128.8,128.6, 128.6,127.8,126.0, 125.7 (g, J = 4.0 Hz), 125.4, 124.9 (q, J = 272.7 Hz).

19t NMR (376 MHz, CDCls), 6/ppm: -63.6.

HRMS (ESI+), m/z: calculated for Cx;HisFsN; + H* 365.1260 [M+H]*, found 365.1264.

1H-1,5-Diphenyl-3-(3-methoxyphenyl)pyrazole (5p)

3 4 Product synthesis was carried out according to SOP2 using 1H-4,5-
dihydro-1,5-diphenyl-3-(3-methoxyphenyl)pyrazole (4p,

z h 1.50 mmol, 493 mg), applying an amount of charge of 3.25F
2N’N 1 12 3 (470C). The pyrazole was obtained after flash column

4" chromatography on silica (cyclohexane/ethyl acetate; 5% - 45%
EtOAc) as a colourless oil (353 mg, 1.08 mmol, 72%).

'H NMR (400 MHz, CDCls), 6§/ppm: 7.60 — 7.52 (m, 2H, H-6",4"’), 7.48 — 7.28 (m, 11H, H-2’, H-3’, H-4,
H-5", H-2""", H-3"’, H-4"’), 6.98 — 6.91 (m, 1H, H-2""), 6.86 (s, 1H, H-4), 3.90 (s, 3H, H-7").
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13C NMR (101 MHz, CDCls), §/ppm: 160.0, 151.9, 144.4, 140.2,134.5, 130.6, 129.7,129.0, 128.8, 128.5,
128.4,127.5, 125.4, 118.5, 114.2, 110.9, 105.5, 55.4.

HRMS (ESI+), m/z: calculated for Cx;H1sN2O + H* 327.1492 [M+H]*, found 327.1490.

Known compound, spectroscopic data corresponds to the literature.?%?’

1H-1,5-Diphenyl-3-(4-nitrophenyl)pyrazole (5q)
3 ¥ Product synthesis was carried out according to SOP2 using 1H-4,5-
dihydro-1,5-diphenyl-3-(4-nitrophenyl)pyrazole (4q, 1.50 mmol,
515 mg), applying an amount of charge of 3.25 F (470 C). The
pyrazole was obtained after flash column chromatography on C18-
4" silica (water/MeCN + 0.1 vol% formic acid; 70% - 80% MeCN) as an
orange solid (313 mg, 0.91 mmol, 61%).
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'H NMR (400 MHz, CDCl5), 6/ppm: 8.34 —8.25 (m, 2H, H-2""), 8.13 —8.04 (m, 2H, H-3""), 7.47 - 7.22 (m,
10H, H-2’, H-3", H-&', H-2"", H-3""", H-4"""), 6.91 (s, 1H, H-4).

13C NMR (101 MHz, CDCls), 6/ppm: 149.7, 147.4, 145.3,139.9, 139.5, 130.1, 129.2, 128.9, 128.8, 128.8,
128.1,126.3, 125.4, 124.3, 106.0.

HRMS (ESI+), m/z: calculated for Co1H1sN3O; + H* 342.1237 [M+H]*, found 342.1237.

Known compound, spectroscopic data corresponds to the literature.?®

1H-1,5-Diphenyl-3-(4-pivaloylaminophenyl)pyrazole (4r)

3 4 Product synthesis was carried out according to SOP3 using
1H-4,5-dihydro-1,5-diphenyl-3-(4-pivaloylaminophenyl) py-
razole (4r, 1.50 mmol, 596 mg), applying an amount of
charge of 3.25 F (470 C). The pyrazole was obtained after
flash column chromatography on C18-silica (water/MeCN +
0.1 vol% formic acid; 50% - 100% MeCN) as a colourless
solid (145 mg, 0.37 mmol, 24%).

'H NMR (400 MHz, CDCls), §/ppm: 7.93 — 7.86 (m, 2H, H-2""), 7.65 — 7.59 (m, 2H, H-3""), 7.41 = 7.27 (m,
10H, H-2’, H-3, H-4&’, H-2""", H-3"", H-4""), 6.80 (s, 1H, H-4), 1.34 (s, 9H, H-7).

13C NMR (101 MHz, CDCls), 6/ppm: 176.7, 151.6, 144.6, 143.0, 140.2, 138.0, 130.6, 129.1, 128.9, 128.6,
128.4,127.6,126.5,125.5,120.1, 105.1, 39.8, 27.8.

HRMS (ESI+), m/z: calculated for Co6HasN3O + H* 396.2070 [M+H]*, found 396.2072.

1H-1,3,5-Triphenylpyrazole (5s)

3 4 Product synthesis was carried out according to SOP2 using 1H-4,5-
dihydro-1,3,5-triphenylpyrazole (4s, 3.75 mmol, 1.118 g). The pyrazole
was obtained after filtration through a pad of silica with EtOAc as a

2" _3"  light-yellow solid (960 mg, 3.31 mmol, 88%).
"
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'H NMR (400 MHz, CDCls), §/ppm: 8.02 —7.94 (m, 2H, H-2"), 7.51-7.28 (m, 13H, H-2’, H-3’, H-4’, H-3”,
H-4”, H-2""", H-3", H-4"’), 6.86 (s, 1H, H-4).
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13C NMR (101 MHz, CDCl3), §/ppm: 152.1, 144.5,140.2, 133.1, 130.7, 129.0, 128.8, 128.7, 128.6, 128.4,
128.1,127.5,125.9, 125.4, 105.3.

HRMS (ESI+), m/z: calculated for C2;H16N2 + H" 297.1386 [M+H]*, found 297.1389.

Known compound, spectroscopic data corresponds to the literature ?2327-30

1H-1,5-Diphenyl-3-(4-methylphenyl)pyrazole (5t)

3 4 Product synthesis was carried out according to SOP2 using 1H-4,5-
dihydro-1,5-diphenyl-3-(4-methylphenyl)pyrazole (4t, 1.50 mmol,
469 mg), applying an amount of charge of 3.25 F (470 C). The pyrazole
was obtained after flash column chromatography on silica

4" (cyclohexane/ethyl acetate; 0% - 10% EtOAc) as a colourless solid
(132 mg, 0.43 mmol, 28%).

o
2 N 1 2 3
N - 1||l

1H NMR (400 MHz, CDCls), §/ppm: 7.85 — 7.78 (m, 2H, H-2""), 7.39 — 7.26 (m, 10H, H-2', H-3', H-&,
H-2"", H-3", H-4""), 7.25 — 7.22 (m, 2H, H-3"), 6.79 (s, 1H, H-4), 2.39 (s, 3H, H-5").

13C NMR (101 MHz, CDCl3), 6/ppm: 152.1, 144.4,140.3,137.9, 130.8, 130.3, 129.5, 129.0, 128.9, 128.6,
128.4,127.5,125.8,125.4,105.2, 21.5.

HRMS (ESI+), m/z: calculated for Cx;HigN> + H 311.1543 [M+H]*, found 311.1543.

Known compound, spectroscopic data corresponds to the literature.??’

1H-3-(4-tert.-Butylphenyl)-1,5-diphenylpyrazole (5u)

3 4 Product synthesis was carried out according to SOP2 using 1H-3-(4-
tert.-butylphenyl)-4,5-dihydro-1,5-diphenylpyrazole (4u, 1.50 mmol,
531 mg), applying an amount of charge of 3.25F (470 C). The
pyrazole was obtained after flash column chromatography on C18-
silica (water/MeCN + 0.1 vol% formic acid; 70% — 85% MeCN) as a
colourless solid (217 mg, 0.62 mmol, 41%).

'H NMR (400 MHz, Acetone-ds) 6/ppm: 7.94 — 7.87 (m, 2H, H-2""), 7.54 — 7.46 (m, 2H, H-3""), 7.46 —
7.28 (m, 10H, H-2", H-3’, H-4’, H-2""", H-3""", H-4"""), 7.00 (s, 1H, H-4), 1.35 (s, 9H, H-6").

13C NMR (101 MHz, Acetone-ds) §/ppm: 152.4, 151.6, 145.1, 141.4, 131.7, 131.5, 129.7, 129.6, 129.4,
129.2,128.2, 126.3, 126.2, 126.0, 105.9, 35.2, 31.6.

HRMS (ESI+), m/z: calculated for CasH24N» + H" 353.2012 [M+H]*, found 353.2020.

Known compound, spectroscopic data corresponds to the literature.?”

Methyl 4-(1H-1,3-diphenylpyrazol-5-yl)benzoate (5v)

3 ¥ Product synthesis was carried out according to SOP2 using
methyl 4-(1H-4,5-dihydro-1,3-diphenylpyrazol-5-yl)benzoate
(4v, 1.50 mmol, 535 mg) applying an amount of charge of
3.25 F (470 C). The pyrazole was obtained after flash column
chromatography on silica (cyclohexane/ethyl acetate; 0% -
10% EtOAc) as a light-yellow solid (357 mg, 1.01 mmol, 67%).
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'H NMR (400 MHz, CDCls), 6/ppm: 8.02 — 7.97 (m, 2H, H-2""’), 7.96 — 7.91 (m, 2H, H-2"), 7.47 — 7.41
(m, 2H, H-3""), 7.38 — 7.32 (m, 8H, H-2’, H-3’, H-&, H-4", H-3"""), 6.90 (s, 1H, H-4), 3.92 (s, 3H, H-6"").
13C NMR (101 MHz, CDCl3), 6/ppm: 166.7, 152.3, 143.4, 140.0, 134.9, 132.8,129.8,129.2, 128.8,128.7,
128.3,127.9,127.8,125.9,125.5, 105.8, 52.3.

HRMS (ESI+), m/z: calculated for Cx3sH1sN20O; + H* 355.1441 [M+H]*, found 355.1440.

Known compound, spectroscopic data corresponds to the literature.?®

1H-1,3-Diphenyl-5-(furan-2-yl)pyrazole (5w)

3 4 Product synthesis was carried out according to SOP2 using 1H-4,5-dihydro-
1,3-diphenyl-5-(furan-2-yl)pyrazole (4w, 1.50 mmol, 433 mg) applying an
amount of charge of 3.25 F (470 C). The pyrazole was obtained after flash
column chromatography on silica (cyclohexane/ethyl acetate; 0% - 10%
EtOAc) as a light-yellow solid (131 mg, 0.46 mmol, 31%).

H NMR (400 MHz, CDCls), §/ppm: 7.99 — 7.94 (m, 2H, H-2"), 7.56 — 7.42 (m, 8H, H-2’, H-3’, H-3", H-4”,
H-5""), 7.40 = 7.35 (m, 1H, H-4’), 7.03 (s, 1H, H-4), 6.36 (dd, J = 3.4, 1.8 Hz, 1H, H-3'”"), 6.02 (d, J = 3.4
Hz, 1H, H-4"").

13C NMR (101 MHz, CDCl3), 8/ppm: 152.0, 144.5, 142.6, 140.3,135.8, 132.9,129.2,128.7, 128.6,128.1,
126.1,125.9,111.3, 109.0, 103.4.

HRMS (ESI+), m/z: calculated for Ci9H14N,O + H* 287.1179 [M+H]*, 287.1178.

Known compound, spectroscopic data corresponds to the literature.?

1H-3,5-Diphenyl-1-(4-fluorophenyl)pyrazole (5x)

Product synthesis was carried out according to SOP4 using 1H-4,5-
dihydro-3,5-diphenyl-1-(4-fluorophenyl)pyrazole  (4x, 1.50 mmol,
475 mg) applying an amount of charge of 2 F (289 C). The pyrazole was
obtained after flash column chromatography on C18-silica
(water/MeCN + 0.1 vol% formic acid; 70% > 80% MeCN) as a light-
orange solid (260 mg, 0.83 mmol, 56%).

'H NMR (400 MHz, CDCl3), §/ppm: 8.01 — 7.93 (m, 2H, H-2’), 7.53 — 7.43 (m, 2H, H-3’), 7.40 - 7.29 (m,
8H, H-2", H-3", H-2"", H-3"""), 7.12 = 7.02 (m, 2H, H-4", H-4""’), 6.86 (s, 1H, H-4).

13C NMR (101 MHz, CDCl3), 8/ppm: 161.7 (d, J = 247.5 Hz), 152.1, 144.5, 136.4 (d, J = 3.1 Hz), 133.0,
130.4, 128.8 (d, /= 3.1 Hz), 128.6, 128.5, 128.2,127.1 (d, J = 8.5 Hz), 125.9, 116.0, 115.8, 105.2.

1F NMR (282 MHz, CDCl;) 6/ppm: -114.1 (ddd, J = 12.9, 8.3, 4.8 Hz).

HRMS (ESI+), m/z: calculated for Co1H1sFN, + H* 315.1292 [M+H]*, found 315.1293.

Known compound, spectroscopic data corresponds to the literature.?

1H-1-(4-Chlorophenyl)-3,5-diphenylpyrazole (5y)

Product synthesis was carried out according to SOP4 using 1H-1-(4-
chlorophenyl)-4,5-dihydro-3,5-diphenylpyrazole  (4y, 1.50 mmol,
500 mg) applying an amount of charge of 4.5 F (651 C). The pyrazole
was obtained after filtration through a pad of silica with EtOAc and
recrystallization from ethanol (ca. 20 mL, reflux to rt) as a light-yellow
solid (447 mg, 1.35 mmol, 90%).
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'H NMR (400 MHz, CDCls), §/ppm: 7.99 — 7.91 (m, 2H, H-2’), 7.50 — 7.43 (m, 2H, H-3’), 7.40 — 7.29 (m,
10H, H-2", H-3”, H-4", H-2""", H-3"", H-4""), 6.85 (s, 1H, H-4).

13C NMR (101 MHz, CDCls), 6/ppm: 152.3, 144.5,138.7,133.1,132.9,130.4, 129.1, 128.8, 128.8, 128.7,
128.6, 128.2,126.4, 125.9, 105.7.

HRMS (ESI+), m/z: calculated for CH1s*CIN; + H* 331.0997 [M+H]*, found 331.0989; calculated for
calculated for Cx2H1s*’CIN, + H* 333.0974 [M+H]*, found 333.0967.

Known compound, spectroscopic data corresponds to the literature.?

1H-1-(4-Bromophenyl)-3,5-diphenylpyrazole (5z)

Product synthesis was carried out according to SOP4 using 1H-1-(4-
bromophenyl)-4,5-dihydro-1,5-diphenylpyrazole  (4z, 1.50 mmol,
566 mg) applying an amount of charge of 4.5 F (651 C). The pyrazole
was obtained after filtration through a pad of silica with EtOAc and
recrystallization from ethanol (ca. 20 mL, reflux to rt) as a yellow solid
(474 mg, 1.26 mmol, 84%).

IH NMR (400 MHz, CDCls), 6/ppm: 7.97 — 7.92 (m, 2H, H-2’), 7.51 — 7.44 (m, 4H, H-3’, H-2"), 7.41 —
7.35(m, 4H, H-3”, H-2"""), 7.34 — 7.24 (m, 4H, H-4", H-3"", H-4""), 6.85 (s, 1H, H-4).

13C NMR (101 MHz, CDCl3), 6/ppm: 152.4, 144.5,139.2,132.9,132.1,130.4, 128.9, 128.8, 128.7, 128.6,
128.3,126.6,125.9, 121.0, 105.8.

HRMS (ESI+), m/z: calculated for CyHis°BrN; + H* 375.0491 [M+H]*, 375.0484; calculated for
C21H15818rN2 + H*377.0473 [/VI+H]+, 377.0470.

Known compound, spectroscopic data corresponds to the literature.>33°

1H-1-(2,5-Dichlorophenyl)-3,5-diphenylpyrazole (5a’)

3 4 Product synthesis was carried out according to SOP3 using 1H-1-(2,5-
dichlorophenyl)-4,5-dihydro-1,5-diphenylpyrazole (4a’, 1.50 mmol,
551 mg) applying an amount of charge of 2 F (289 C). The pyrazole was
obtained after flash column chromatography on C18-silica
(water/MeCN + 0.1 vol% formic acid; 70% - 80% MeCN) as a light-
yellow solid (279 mg, 0.76 mmol, 51%).

H NMR (400 MHz, CDCls), 5/ppm: 7.96 — 7.88 (m, 2H, H-4’, H-6'), 7.63 — 7.58 (m, 1H, H-3’), 7.50 — 7.41
(m, 2H, H-2""), 7.40 — 7.26 (m, 8H, H-3", H-4”, H-2""", H-3"", H-4""), 6.89 (s, 1H, H-4).

13C NMR (101 MHz, CDCls), §/ppm: 153.0, 146.5,139.2,133.2,132.8, 131.3, 130.9, 130.4, 130.3, 129.9,
128.8,128.7,128.7,128.4,128.0, 126.0, 104.1.

HRMS (ESI+), m/z: calculated for Cy;H1*°Cl,N, + H* 365.0607 [M+H]*, 365.0601; calculated for
C21H1435CI¥CIN; + H* 367.0581 [M+H]*, 367.0571.
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1H-1-(4-Cyanophenyl)-3,5-diphenylpyrazole (5b’)

Product synthesis was carried out according to SOP2 using 1H-1-(4-
cyanophenyl)-4,5-dihydro-1,5-diphenylpyrazole  (4b’, 1.50 mmol,
485 mg) applying an amount of charge of 4.5 F (651 C). The pyrazole
was obtained after filtration through a pad of silica with EtOAc as a
light-yellow solid (412 mg, 1.28 mmol, 85%).

'H NMR (400 MHz, CDCls), 8/ppm: 7.94 — 7.90 (m, 2H, H-2""), 7.65 — 7.59 (m, 2H, H-2’), 7.53 — 7.48 (m,
2H, H-3’), 7.48 —7.27 (m, 8H, H-3", H-4", H-2""", H-3""’, H-4""’), 6.85 (s, 1H, H-4).

13C NMR (101 MHz, CDCls), §/ppm: 153.3, 144.9, 143.5, 133.0, 132.5, 130.3, 129.2, 129.0, 129.0, 128.9,
128.7,126.0, 124.9, 118.5, 110.5, 107.0.

HRMS (ESI+), m/z: calculated for Cx;HisN3 + H" 322.1339 [M+H]*, found 322.1338.

Known compound, spectroscopic data corresponds to the literature.>®

1H-3,5-Diphenyl- 1 (4-methylphenyl)pyrazole (5¢’)

Product synthesis was carried out according to SOP3 using 1H-4,5-
dihydro-1,5-diphenyl-1-(4-methylphenyl)pyrazole (4c’, 1.50 mmol,
469 mg) applying an amount of charge of 5 F (724 C). The pyrazole was
obtained after flash column chromatography on C18-silica
(water/MeCN + 0.1 vol% formic acid; 70% - 80% MeCN) as a light-
yellow solid (416 mg, 1.33 mmol, 89%).

!H NMR (400 MHz, CDCls), 6/ppm: 7.95 — 7.87 (m, 2H, H-2’), 7.46 —7.37 (m, 2H, H-3’), 7.35 - 7.26 (m,
6H, H-2"", H-3", H-4", H-&"""), 7.26 — 7.22 (m, 2H, H-2""), 7.17 = 7.09 (m, 2H, H-3""), 6.80 (s, 1H, H-4),
2.35 (s, 3H, H-5').

13C NMR (101 MHz, CDCls), 6/ppm: 151.9, 144.4,137.9, 137.5,133.3, 130.8, 129.6, 128.9, 128.8, 128.6,
128.3,128.0,125.9, 125.3,105.1, 21.2.

HRMS (ESI+), m/z: calculated for CxHigNy + H 311.1543 [M+H]*, found 311.1541.

Known compound, spectroscopic data corresponds to the literature.>*

1H-4-Bromo-3,5- dlphenyl 1-(4-methylphenyl)pyrazole (5d’)

Product synthesis was carried out according to SOP4 using 1H-4,5-
dihydro-1,5-diphenyl-1-(4-methylphenyl)pyrazole (4c’, 1.50 mmol,
469 mg) applying an amount of charge of 4.5 F (651 C). The pyrazole
was obtained after filtration through a pad of silica with EtOAc as a
yellow solid (579 mg, 1.48 mmol, 99%).

H NMR (400 MHz, CDCls), 6/ppm: 8.11 —8.03 (m, 2H, H-2""), 7.53 — 7.47 (m, 2H, H-3"), 7.47 - 7.33 (m,
6H, H-4”, H-2""", H-3""", H-4""), 7.23 = 7.16 (m, 2H, H-2"), 7.16 — 7.08 (m, 2H, H-3’), 2.35 (s, 3H, H-5’).
13C NMR (101 MHz, CDCls), §/ppm: 149.6, 142.0, 137.6, 137.5, 132.2, 130.3, 129.5, 129.2, 129.0, 128.5,
128.4,128.1,124.7,94.7, 21.2.
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HRMS (ESI+), m/z: calculated for Ca;H177°BrN, + H* 389.0648 [M+H]*, found 389.0645; calculated for
Ca2H175'BrN; + H* 391.0630 [M+H]*, found 391.0629.

1H-3,5-Diphenyl-1-methylpyrazole (5¢’)

1 Product synthesis was carried out according to SOP2 using 1H-4,5-
dihydro-3,5-diphenyl-1-methylpyrazole (4e’, 3.75 mmol, 886 mg). The
pyrazole was obtained after flash column chromatography on C18-silica
(water/MeCN + 0.1 vol% formic acid; 70% - 80% MeCN) as a light-
yellow solid (701 mg, 2.99 mmol, 80%).

'H NMR (400 MHz, CDCls), 6/ppm: 7.90 — 7.81 (m, 2H, H-2"), 7.54 — 7.38 (m, 8H, H-3", H-4”, H-2"",
H-3"),7.37 - 7.28 (m, 1H, H-4""’), 6.64 (s, 1H, H-4), 3.94 (s, 3H, H-1).

13C NMR (101 MHz, CDCls), §/ppm: 150.6, 145.1, 133.5, 130.7,128.8, 128.8, 128.7,128.6, 127.7,125.6,
103.3, 37.6.

HRMS (ESI+), m/z: calculated for CigH14N> + H* 235.1230 [M+H]*, found 235.1227.

Known compound, spectroscopic data corresponds to the literature.?

1H-3,5-Diphenyl-1-(2-hydroxyethyl)pyrazole (5f')

OH 3 Product synthesis was carried out according to SOP2 using 1H-4,5-
dihydro-3,5-diphenyl-1-(2-hydroxyethyl)pyrazole  (4f, 3.75 mmol,
998 mg), applying an amount of charge of 2.5 F (905 C). The pyrazole
was obtained after flash column chromatography on C18-silica (65%
MeCN in water + 0.1 vol% formic acid, isocratic) as a colourless solid
(356 mg, 1.35 mmol, 36%).

'H NMR (400 MHz, CDCls), 6/ppm: 7.89 — 7.81 (m, 2H, H-2"), 7.51 — 7.40 (m, 7H, H-3”, H-4”, H-2"",
H-3""), 7.36 — 7.31 (m, 1H, H-4"""), 4.29 — 4.23 (m, 2H, H-1"3, H-2"?), 4.07 — 4.02 (m, 3H, H-1’®, H-2"°,
H-3’).

13C NMR (101 MHz, CDCls), 6/ppm: 151.0, 145.7, 133.0, 130.3, 129.2, 128.9, 128.9, 128.8, 128.0, 125.7,
103.3, 62.2, 51.0.

HRMS (ESI+), m/z: calculated for Ci7H16N,0 + H* 265.1335 [M+H]*, found 265.1331.

Known compound, spectroscopic data corresponds to the literature.?*

1H-4,5-Dihydro-1,5-diphenyl-3-methylpyrazole (5g’)
3 ¥ Product synthesis was carried out according to SOP2 using 1H-4,5-dihydro-
1,5-diphenyl-3-methylpyrazole (4g’, 3.75 mmol, 886 mg) applying an amount

2 of charge of 3.25 F (1176 C). The pyrazole was obtained after flash column

1"

2 1 2" 3 chromatography on silica (cyclohexane/ethyl acetate; 3% = 5% EtOAc) as a
w 4 light-yellow solid (381 mg, 1.63 mmol, 43%).
5
7%

'H NMR (400 MHz, CDCl3), §/ppm: & 7.34 — 7.26 (m, 8H, H-2’, H-3’, H-2""’, H-3"”"), 7.25 = 7.21 (m, 2H,
H-4’, H-4’"), 6.33 (s, 1H, H-4), 2.41 (s, 3H, H-1").

13C NMR (101 MHz, CDCl3), §/ppm: 149.5, 143.7, 140.2, 130.8,128.9, 128.7,128.5,128.1, 127.1,125.2,
107.8, 13.7.

HRMS (ESI+), m/z: calculated for CigH14N> + H* 235.1230 [M+H]*, 235.1222.

Known compound, spectroscopic data corresponds to the literature.?®
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1H-3-Cyclopropyl-1,5-diphenylpyrazole (5h’)

3 4 Product synthesis was carried out according to SOP2 using 1H-3-
cyclopropyl-4,5-dihydro-1,5-diphenylpyrazole (4h’, 1.5 mmol, 393 mg)
applying an amount of charge of 3 F (434 C). The pyrazole was obtained
after flash column chromatography on C18-silica (water/MeCN + 0.1 vol%
formic acid; 70% - 80% MeCN) as a light-yellow solid (161 mg, 0.62 mmol,
41%).

1H NMR (400 MHz, CDCls), 6/ppm: 7.36 — 7.26 (m, 8H, H-2’, H-3’, H-2"", H-3""’), 7.26 — 7.21 (m, 2H,
H-4’, H-4""), 6.19 (s, 1H, H-4), 2.09 (tt, J = 8.4, 5.0 Hz, 1H, H-1""), 1.08 — 0.93 (m, 2H, H-2""?), 0.91 - 0.83
(m, 2H, H-2"%).

13C NMR (101 MHz, CDCls), §/ppm: 156.1, 143.7, 140.2, 130.9, 128.9, 128.8,128.5, 128.2,127.2,125.3,
104.2,9.3, 8.2.

HRMS (ESI+), m/z: calculated for CigH1gN2 + H" 261.1386 [M+H]*, 261.1390.

Known compound, spectroscopic data corresponds to the literature.*%’

(E)-1H-1,5-Diphenyl-3-(B-styryl)pyrazole (5i")
3 ¥ Product synthesis was carried out according to SOP2 using (E)-1H-
4,5-dihydro-1,5-diphenyl-3-(B-styryl)pyrazole  (4i’, 1.5 mmol,
Z ) 486 mg) applying an amount of charge of 3.75 F (543 C). The
23 pyrazole was obtained after flash column chromatography on C18-
silica (water/MeCN + 0.1 vol% formic acid; 70% > 80% MeCN) as
a light-yellow solid (153 mg, 0.48 mmol, 31%).

'H NMR (400 MHz, CDCls), 8/ppm: 7.65 — 7.57 (m, 2H, H-1", H-2"), 7.47 — 7.28 (m, 15H, H-2’, H-3’,
H-&’, H-2", H-3", H-4", H-2"", H-3""", H-4"""), 6.82 (s, 1H, H-4).

13C NMR (101 MHz, CDCls), 6/ppm: 151.3, 144.3,140.1, 137.2,130.8, 130.5, 129.0, 128.8, 128.8, 128.6,
128.5,127.9, 127.5,126.6,125.2, 120.6, 105.1.

HRMS (ESI+), m/z: calculated for Co3HigN, + H* 323.1543 [M+H]*, 323.1545.

Known compound, spectroscopic data corresponds to the literature.?®

Ethyl 1H-4,7-methano-1-phenyl-4,5,6,7-tetrahydroindazole-3-carboxylate (5j’)
3 4 Product synthesis was carried out according to SOP2 using ethyl 1H-3a,7a-
cis-3a,4,5,6,7,7a-hexahydro-4,7-methano-1-phenylindazole-3-carboxyla-
te (4j’, 3.75 mmol, 1066 mg), applying an amount of charge of 4.5F
(1628 C). The pyrazole was obtained after flash column chromatography
5 o W/ on silica (cyclohexane/ethyl acetate; 3% - 5% EtOAc) as a light-orange
~ 33a ) 6 solid (159 mg, 0.56 mmol, 15%).
(e 4 5
'H NMR (400 MHz, CDCls), 8/ppm: 7.62 — 7.53 (m, 2H, H-3’), 7.36 — 7.24 (m, 2H, H-2’), 7.16 (m, 1H,
H-4’),4.27 (q,J =7.1 Hz, 2H, H-2""), 3.59 — 3.49 (m, 2H, H-4, H-7), 2.02 - 1.93 (m, 1H, H-8%), 1.89 - 1.78
(m, 2H, H-5%, H-6°), 1.60 — 1.52 (m, 1H, H-8°), 1.27 (t, J = 7.1 Hz, 3H, H-3""), 1.13 — 1.01 (m, 2H, H-5°,
H-6°).
13C NMR (101 MHz, CDCls), 6/ppm: 162.7, 153.0, 139.7, 136.4, 134.4, 129.2, 127.0, 120.3, 60.7, 52.3,
41.4,38.9, 27.5, 26.6, 14.3.
HRMS (APCI+), m/z: calculated for C17H13N,0, + H* 183.1441 [M+H]*, found 283.1449.
Known compound, spectroscopic data corresponds to the literature.
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1H-1,3-Diphenyl- 5 (thien-2-yl)pyrazole (5k’)

Product synthesis was carried out according to SOP2 using 1H-4,5-
dihydro-1,5-diphenyl-5-(thien-2-yl)pyrazole (4k’, 1.50 mmol, 457 mg).
No improvement was achieved regarding the product to substrate ratio
after applying an amount of charge of 6.5 F (941 C) and the reaction was
stopped. The pyrazole was obtained after flash column chromatography
on silica (cyclohexane/ethyl acetate; 0% > 10% EtOAc) as a yellow oil
(53 mg, 0.18 mmol, 12%), 47% of starting material (214 mg, 0.70 mmol)
were recovered.

14 NMR (400 MHz, CDCls), 6/ppm: 7.95—7.91 (m, 2H, H-2""), 7.51 - 7.40 (m, 7H, H-2’, H-3’, H-3", H-4""),
7.39-7.33 (m, 1H, H-4"), 7.30 (dd, /= 5.1, 1.2 Hz, 1H, H-5""), 6.97 (dd, /= 5.1, 3.6 Hz, 1H, H-4’""), 6.90
(s, 1H, H-4), 6.87 (dd, J = 3.6, 1.2 Hz, 1H, H-3"").

13C NMR (101 MHz, CDCls), 6/ppm: 152.0, 140.0, 138.3, 132.9, 131.4, 129.2, 128.8, 128.4, 128.2, 127.5,
127.4,126.6, 126.3, 125.9, 105.1.

HRMS (ESI+), m/z: calculated for CisH14N>S + H* 303.0950 [M+H]*, found 303.0951.

Known compound, spectroscopic data corresponds to the literature.?

1H-1,5- Dlphenyl -3-(thien-2-yl)pyrazole (5/’)

Product synthesis was carried out according to SOP2 using 1H-4,5-
dihydro-1,5-diphenyl-3-(thien-2-yl)pyrazole (41, 1.50 mmol, 457 mg). No
improvement was achieved regarding the product to substrate ratio
after applying an amount of charge of 6.5 F (941 C) and the reaction was
stopped. The pyrazole was obtained after flash column chromatography
on silica (cyclohexane/ethyl acetate; 0% - 10% EtOAc) as a yellow oil
(37 mg, 0.12 mmol, 8%), 35% of starting material (158 mg, 0.52 mmol)
were recovered.

'H NMR (400 MHz, CDCls), 6/ppm: 7.45 (dd, J = 3.6, 1.2 Hz, 1H, H-3"), 7.37 — 7.25 (m, 11H, H-2’, H-3’,
H-4’, H-5", H-2""", H-3""", H-4""), 7.10 (dd, J = 5.1, 3.6 Hz, 1H, H-4""), 6.74 (s, 1H, H-4).

13C NMR (101 MHz, CDCls), 6/ppm: 147.4, 144.5,140.0, 136.4,130.4, 129.0, 128.9, 128.6, 128.5, 127.6,
127.6,125.5, 125.0, 124.3, 105.3.

HRMS (ESI+), m/z: calculated for Ci9H14N>S + H* 303.0950 [M+H]*, found 303.0952.

Known compound, spectroscopic data corresponds to the literature.?

1H-1-(4-Chlorophenyl)-3-hydroxypyrazole (5m’)

) > Product synthesis was carried out according to SOP2 using 1-(4-

N 1/@?0 chlorophenyl)-4,5-dihydropyrazol-3-ol  (4m’, 3.75mmol, 737 mg)
1 applying an amount of charge of 3.25 F (1176 C). The pyrazole was

4 5 obtained after filtration through silica with ethyl acetate as a dark yellow
solid (536 mg, 2.75 mmol, 73%).

'H NMR (600 MHz, DMSO-ds), 6/ppm: 10.36 (brs, 1H, H-1”"), 8.24 (d, J = 2.6 Hz, 1H, H-5), 7.86 — 7.57

(m, 2H, H-2"), 7.53 — 7.38 (m, 2H, H-3’), 5.83 (d, / = 2.6 Hz, 1H, H-4).

13C NMR (151 MHz, DMSO-ds), 6/ppm: 163.0, 138.7, 129.3, 128.8, 128.5, 118.3, 95.0.

HRMS (ESI+), m/z: calculated for CoH-**CIN,O + H* 195.0320 [M+H]*, found 195.0323; calculated for

CsH7*7CIN,0 + H* 197.0292 [M+H]*, found 197.0299.

Known compound, spectroscopic data corresponds to the literature.?%?

546



10.References

N o b~ w

10
11
12
13
14

15
16
17
18
19
20
21
22

23
24
25
26
27
28

29
30
31
32

C. Gutz, B. Klockner and S. R. Waldvogel, Org. Process Res. Dev., 2016, 20, 26.

A.-K. Seitz, P. J. Kohlpaintner, T. van Lingen, M. Dyga, F. Sprang, M. Zirbes, S. R. Waldvogel and L. J. GooRen, Angew.
Chem. Int. Ed., 2022, 61, e202117563.

S. T. Kolla, R. Somanaboina and C. R. Bhimapaka, Synth. Commun., 2021, 51, 1425.

M. Linden, S. Hofmann, A. Herman, N. Ehler, R. M. Bar and S. R. Waldvogel, Angew. Chem. Int. Ed., 2023, e202214820.
K. Sasaki and D. Crich, Org. Lett., 2011, 13, 2256.

J. R. Schmink, J. L. Holcomb and N. E. Leadbeater, Org. Lett., 2009, 11, 365.

A. Wilhelm, L. A. Lopez-Garcia, K. Busschots, W. Frohner, F. Maurer, S. Boettcher, H. Zhang, J. O. Schulze, R. M. Biondi
and M. Engel, J. Med. Chem., 2012, 55, 9817.

M. Rueping, T. Bootwicha, H. Baars and E. Sugiono, Beilstein J. Org. Chem., 2011, 7, 1680.

K. Nicholson, T. Langer and S. P. Thomas, Org. Lett., 2021, 23, 2498.

S. Roscales and A. G. Csaky, Angew. Chem., 2021, 60, 8728.

P. Hermange, T. M. Gggsig, A. T. Lindhardt, R. H. Taaning and T. Skrydstrup, Org. Lett., 2011, 13, 2444.

C. Schumacher, C. Molitor, S. Smid, K.-N. Truong, K. Rissanen and C. Bolm, J. Org. Chem., 2021, 86, 14213.

X. Jiang, H. Jin, T. Wang, H. Yoo and S. Koo, Synthesis, 2019, 51, 3259.

J. H. M. Lange, M. A. W. van der Neut, A. P. den Hartog, H. C. Wals, J. Hoogendoorn, H. H. van Stuivenberg, B. J. van Vliet
and C. G. Kruse, Bioorg. Med. Chem. Lett., 2010, 20, 1752.

M. Soltani, H. R. Memarian and H. Sabzyan, J. Mol. Struct., 2018, 1173, 903.

X. Wang, Y.-M. Pan, X.-C. Huang, Z.-Y. Mao and H.-S. Wang, Org. Biomol. Chem., 2014, 12, 2028.

S. Farooq, Z. Ngaini and N. A. Mortadza, Bull. Korean Chem. Soc., 2020, 41, 918.

0. Ruhoglu, Z. Ozdemir, U. Calis, B. Giimisel and A. Bilgin, Arzneim. Forschung, 2005, 55, 431.

P.-Z. Li and Z.-Q. Liu, Med Chem Res, 2014, 23, 3478.

P. Zhang, A. Guan, X. Xia, X. Sun, S. Wei, J. Yang, J. Wang, Z. Li, J. Lan and C. Liu, J. Agric. Food. Chem., 2019, 67, 11893.
J. Liy, S. Yang, R. Dong, Z. Jin and M. Wang, J. Chem. Res., 2018, 42, 24.

N. Pommery, T. Taverne, A. Telliez, L. Goossens, C. Charlier, J. Pommery, J.-F. Goossens, R. Houssin, F. Durant and J.-P.
Hénichart, J. Med. Chem., 2004, 47, 6195.

X.-W. Fan, T. Lei, C. Zhou, Q.-Y. Meng, B. Chen, C.-H. Tung and L.-Z. Wu, J. Org. Chem., 2016, 81, 7127.

J.-N. Zhu, W.-K. Wang, J. Zheng, H.-P. Lin, Y.-X. Deng and S.-Y. Zhao, J. Org. Chem., 2019, 84, 11032.

J.-N. Zhu, W.-K. Wang, Z.-H. Jin, Q.-K. Wang and S.-Y. Zhao, Org. Lett., 2019, 21, 5046.

M. Soltani, H. R. Memarian and H. Sabzyan, J. Photochem. Photobiol. A, 2020, 389, 112285.

Y. Tu, Z. Zhang, T. Wang, J. Ke and J. Zhao, Org. Lett., 2017, 19, 3466.

I. Smari, C. Youssef, K. Yuan, A. Beladhria, H. Ben Ammar, B. Ben Hassine and H. Doucet, Eur. J. Org. Chem., 2014, 2014,
1778.

A. Kumar, R. A. Maurya and S. Sharma, Bioorg. Med. Chem. Lett., 2009, 19, 4432.

X. Li, L. He, H. Chen, W. Wu and H. Jiang, J. Org. Chem., 2013, 78, 3636.

J. L. van Wyk, B. Omondi, D. Appavoo, |. A. Guzei and J. Darkwa, J. Chem. Res., 2012, 36, 474.

M. Muthuppalaniappan, G. Balasubramanian, S. Gullapalli, N. K. Joshi and S. Naraynan, W02006129178A1, 2006.

547



11.NMR Spectra
11.1. NMR Spectra of Chalcones
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Figure S28: 1H NMR spectrum (400 MHz, CDCls) of 7k.
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Figure S35: 13C NMR spectrum (101 MHz, CDCls) of 7n.
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Figure S36: 1H NMR spectrum (400 MHz, CDCls) of 70.
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NMR Spectra of Pyrazolines

11.2.

om:T/.

LT
6ET

EP
{33 4
SEY
LE

e
[4Y%
o1
e
e
81
814
0L
0z
072
e
we
we
7L
vl
v2L ]
LT
£0ad 92°2
2t
s
8L
62
162
1€
€L
2
e
mm.&
vEL

__

mm.N;
SEL-

89'€—"
wUE~
e
9LE~

b~
€€b—
SEb—
L85

6E'S~
S~
Ws—
s

]
N
m—

[
<%
L]
vTLA
vTLA
€000 97°L
edh
8L,

—¥6'Z]

00T

00T

—96°T|

[~ 66°0|

T

06'T|
S6°T|
+0'7
+8°0|

10|

1.3

14

3.1 3.0

3.7

4.4 43 38

5.4

5.5

7.0 6.9

7.1

7.3 7.2

74

fL (ppm)

NN

Foez

Foot

Foor

Foet

Feso

115 110 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 1.5 10 05 0.0

12.0

f1 (ppm)

Figure S40: 'H NMR spectrum (400 MHz, CDCls) of 4a.

6T —

BETr—

PET9—
Lr'S9—

€1DaD 9T°LL

69PTT—

SETEI~_
9/°STT
50821
80T\
62T

STBET~—
T~
LW

8791 —

40

80

T T
210 200

T
220

f1 (ppm)

Figure S41:13C NMR spectrum (101 MHz, CDCls) of 4a.
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Figure S104: 'H NMR spectrum (400 MHz, CDCl3) of 4f’.

9TWw—

€955 —
9€'79—

bSU—

€A 9T LL—

ooAONﬁ
onNNu ./
ST'8TT ”V
E€L°8T1
mm.mNﬁN
(U4
et
96'6ET —

8TIST—

b i i koA P S s

q
N

T
210

T
220

f1 (ppm)

Figure S105: 13C NMR spectrum (101 MHz, CDCls) of 4f’.

S$100



o1'¢
o1
112
812
812

8T
9L
€200 927
9L
Vit
(L
Ao
874
8T
8T
62,
60
62°L
1€°4
TE€LA
2EL
2€L
€€74
veL
vEL
veL
SELA
S€°L4
9€°L4
e
LE°LA

8eL-

00'S—~
0SS~
€05
S0'S—

bL'S
ﬁ.o/
oLy
9L'9~"
819"

69
69
969
969
96'9

U

[—00°g|

20T

20T

[~ 00'T]

—060f

[—68'T|

26T

20|

[—S8'€l

2.1

7.2

7.3

74

f1 (ppm)

—

o0

Feot

Feot

Foo01

f1 (ppm)

Figure S106: 'H NMR spectrum (400 MHz, CDCls) of 4g’.

09T —

S6°Lb—

689 —

€A 9T LL—

e —
€L81T—

10921
8b'221 V
96'8Z1
STeCT

PUEPT—
0T9pT—
79°8bT—

e

T
210

T
220

f1 (ppm)

Figure S107: 13C NMR spectrum (101 MHz, CDCls) of 4g’.

S101



SL°0

—

vee”

86+
oo.mV
1057
sos/

0L'9
\74-]
w9

mw.w/
689
689
06'9
069
169
169

oT'L

e
[A¥A
'L
@Ze
8T'L
8T'L
8T'L
67'L

6L
0L
0E'L
€L
€€ nv
£€°L
Ye'L
SE'L
S€'L
9E'L

L™
S
802 o
[S
)
ﬁDNVO.
1.8
60|
==
-
Ew
N o~
2o £
NOﬂVr& W
~NS ]
= e
Lo
™
= ™ —_—_—
= 2otk o
LS -
o
| S
<
- )
= 00T 3
| —
[ J
seo- &
|2
)
Feet| o
©
L2~
e
a
=
-
st & =
o =
~
[~20°€|
LY
~
|mm.ﬁldn
~

80T
10T

Fee0

Frot

Feot

Foot

f1 (ppm)

Figure S108: 'H NMR spectrum (400 MHz, CD,Cl,) of 4h’.

69'S
Nm.mN.
oI —

€0 —

9MHr9—

682IT—
0T8I —
€6'21

seet V

14821
96821

Tept—
9091 —

Sb'eST—

_N

60

90

T
210

T
220

f1 (ppm)

Figure $S109: 13C NMR spectrum (101 MHz, CD,Cly) of 4h’.

$102



NOEQD +6'T 1
OZHST'Z
567
621
967
167
6671
667
10°€ 1
10°€
we
2E
SLE
SLE
9L'E]
oUL'E
6L€]
6°€]
9€'S
8€'S
6€'5]
5'S 1
0291 ﬁ

1291
29
29
££'91
b9

b9

29
b9
SL'91
29
991
169
1691
869

86'9

66'91
6691
66'0

004
0021
L
€14
€1
b1
ST
ST'L
oT'L
VAR
L1~
61°L
€71~
sz
sz'L
9L
9z'L
9z’
R.&
we

ze]
8]
8]
67
62L

6T'L

0€'L
og's]
€€
€€
€€'¢
bEL]
se'¢

9g°s]
otz
et
se'2
ez
e
25
25
'L
€L
bs'L
vsL

S6T
mm.N/.
96'C
66'C
mm.NV.
T0°E
10€

we
Nn.m/.
SLE
SLE
9L'E

9L'E
mn.m\
6L

9£'5_
8e's—~
665~
s

0L'9
€49
bL9
bL9

b9
b9
se9"
1697
1694
8691
66'91
669

00°L
1L W

801

—I

0T

6T

ﬁ 1677

67T

80°T

2.9

3.0

3.8 3.7

5.3

54

T80t

Fut

0T

6T
16T

L6'T
80°T
[4:53
16°€

002

0.5

1.5 1.0

2.0

4.0

4.5

5.0

6.0

6.5

7.0

7.5

8.5

T
11.5

T
12.0

f1 (ppm)

Figure S110: 'H NMR spectrum (400 MHz, CDsCN) of 4i'.

88—

L9 —

8TPIT
NOEAD vamﬂ/
nwdz/

mN.NNﬁ%

887971\
19221 t
95'821
01621~
8L'62T
om.mNﬁN‘
mo,om.ﬁ.\‘
00'bET
08'LET
PLEPT—
prsp1
66T —

40

T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90
f1 (ppm)

T
220

30

Figure S111: 13C NMR spectrum (101 MHz, CD5sCN) of 4i'.

$103



€1200 92°L
f2as
2as
8TLq
8T
62°L
67°L4
0g'L
TeL
TELA
TeL

we—
€eE—

wy
vN‘v/
8z v/
62
[
TEPE

w—
v

YEY

SE'Y

SEPY

EP
16'9
€69
€69
€69

569~
61'L
1L
0z'L
07’z
e
1L
1L
e
€00 2.“/
L
wEW

6L
mN.m.\
€L
€L

M\mm,o

—0eT

€09

€€

—00'T

10T

00T

00°Z.

1.2

1.3

1.7 1.6 1.5 1.4
5.0

28 27
60 55
f1 (ppm)

3.4
6.5

3.5

4.2

4.3

4.4

Figure S112: 'H NMR spectrum (400 MHz, CDCls) of 4.

ESPI— =

yt— HE———

Wie— s

TTEE— e

60~
95"

8TYs— —

1079— -

07'69— s

10

20

30

40

50

60

70

€DA 9T LL—

100 90 80

110

00PIT—

€0 1T — -

5104

f1 (ppm)

120

£TBLT—

90 THT~ =
Wl

PTE9T—

210 200 190 180 170 160 150 140 130

220

Figure $S113: 13C NMR spectrum (101 MHz, CDCls) of 4j’.



20z ZE'S
95°'S
85S
6S°S
19°S
89
89
€89

08'E~_
£8'E~
v8E~"
W e

95'S

mm.mM
65'S—,
S.m\

8LL

T
3.2

at

T T
3.3

3.4

T
3.6 35

3.7

f1 (ppm)

=
T = T
39 38

54

T
55

1y
1
——
&
7
5.6

S

M A

6.8

6.9

7.0

73 72 71

7.4

7.7

7.8

f1 (ppm)

Far

o1t

860

0.0

1.5: 1.0

2.0

4.5

5.0

6.5

T T T
11.0 105 100 95

T
115

f1 (ppm)

Figure S114: 'H NMR spectrum (400 MHz, CD,Cl,) of 4k’.

Ur—

20Za0 ¥8'Es —

18°09—

(1549 Sl
P6'611
VA 748
oN.mN—./
BT'9ZI~E
veLZ1—

96821
81621
ST621 \
66251
E5°SPT~_

S5'9bT—
962617

40

60

T
210

T
220

f1 (ppm)

Figure S115: 13C NMR spectrum (101 MHz, CD,Cly) of 4k’.

S105



002(€ad) s0z—

OTH E6'T
e

e
ST'E
ae

€6'€
mm.m./
L6'E
cc.«.\

=
<
~
L

00y~

s
mv,mM

f1 (ppm)

10T

Tt

oot

%’Nm.c

6871
€60
€67
Wmm.o
—960

[~26'€

WRw.o

115 11.0 105 100 95 90 85 8.0 7.5 70 65 6.0 55 50 45 40 35 30 25 2.0 1.5 1.0 05 00 -05

12.0

f1 (ppm)

Figure S116: 'H NMR spectrum (400 MHz, acetone-ds) of 4l’.

002(£Q0) v8'67—

08'th—

S6'v9—

60PTT—
movmz./

8L79ZT
85LZT
09421

SE'82T

nm.mNﬂN
85621
68'6ZT

et
65°EbT~_
9T HhT—
85561~

10

20

100 90 80 70 60 50 40 30

110
f1 (ppm)

120

190 180 170 160 150 140 130

200

210

220

Figure S117: 13C NMR spectrum (101 MHz, acetone-ds) of 4.

S106



T
&T

bb'T
9p-0SWa om.N.\.

OcH6E'e—

Tz

Fooz

HO

08°€
;.mv
£8°€
¥ o
Wz~ [
T 20z
(a4l
v wn
9P-OSWQ 05T — = Fal 2
€
~
~oi 8
=
08'€~ | o
18°€ -o0Z[ @
£8'e"
1679
269
869 L3
86'9
66'9
66'9
oL
o€
€L | o
Ly ©
NZ S.o/
86'9~& o0z
86'9-F L2
66'9 £
66'9
4
am.uk .
e
me\ 2
233 <E
(N <=
pu}
12701 — = — W 160
ro
|
o
1201 — = ol S
3
o z=
ro
|

115 110 105 10.0 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05

12.0

f1 (ppm)

Figure S118: 'H NMR spectrum (600 MHz, DMSO-dg) of 4m’.

06'62—

9P-OSWQ 25°6€—

wes—

DL —

;e —
0,821 —

§5°0ST—

PBELT—

Cl

HO

—

120

T
160

170

T

T
210 190

220

-10

140 130 110 100 9 80 70 60 50 40 30 20 10
f1 (ppm)

150

180

200

230

Figure S119: 13C NMR spectrum (151 MHz, DMSO-ds) of 4m’.

S107



NMR Spectra of Pyrazoles

11.3.

o1
Nv.ﬁW_
T

544

L a4
a4
wv,v\
¥0'Lq
6T
074
07z
0z
Tl
T2
1L
Tl
Tl
€L
€100 927
iz
@i
8TLA
8T LA
8L

b T~

Wl
L Ahe

[N

SPb—"
8hv"

0L
0TL
0T'L
0L

e
we
62'L
6T'L
0€°L
0€'L
1L
TEL
€L
1€l
€68

o
mm.n\
bEL

E90€

—

40T

< =160

— = (6T
Foos

62L
62
0€°2
oe'
1€
1€
16
1€ ]
e
zee]
€€°L
€€°4
ez
vEL
¥EL
se'e
mmi
ogL

L

115 11.0 105 100 95 90 85 80 75 7.0 6.5 6.0 55 50 45 40 35 30 25 2.0 15 1.0 05 00 -05

12.0

f1 (ppm)

Figure S120: 'H NMR spectrum (400 MHz, CDCl3) of 5a.

PSPPI —

STT9—

€DA9T'LL—

YOOTT—

§8°SeT
wv.mmﬁ/
69°8CT

18821
98821
80621
99'621
S96ET—
ShbbT
RAHAN

55791 —

HWMWW AN AR A S i

T T
210 200

T
220

f1 (ppm)

Figure S121: 13C NMR spectrum (101 MHz, CDCls) of 5a.

S108



€T
vm.ﬁw
9T

€LE—

SEP
9EP

8€ vﬂ
LA~

mmAJ/.

€00 9227
9€°21
€72
LELA
8€°L
SE°L
se'¢
96" =
6€°L
6€°L
657
mm.m\v
oL
ob'L
Ob'L
¢
e
]
5 =/
il 9T

szl BEP~ _

—cog

—0g

560

7.40 7.35 4.40 4.35

7.45

f1 (ppm)

Feoe

T-007

8y
X S6°0

115 110 105 100 95 90 85 80 75 70 65 6.0 55 50 45 40 35 3.0 25 2.0 15 1.0 05 00 -05

12.0

f1 (ppm)

Figure S122: 'H NMR spectrum (400 MHz, CDCls) of 5b.

0Ty —

ais—

Y19—

€0a0 9T LL—

ESPIT—

10921 “
05'821
£2'621
TEPET s
PS6ET ~
89°EPT 2

69851 —
EETIT—

CH

60

70

T
210

T
220

f1 (ppm)

Figure $123: 13C NMR spectrum (101 MHz, CDCls) of 5b.

S109



SE'T
nwdv
BET

oLe—

S6'C—

£y
66
5
2
00°L7
€00 9221
v
PEL
SEL
sz
o]
o]
o6
£
L]
8L ]
seL
6621
66
66
oL
o0b'L ﬁ
b
wef
WL
rL
e
eve
e}
evs ]
6L ]
0s°¢]
052
05
152
1572
2524
2574
2527

LA

S€T— -

6£'T— =

LEr—

6Er— -
Wwr— =

Wr—

W

—00°¢g

—cog

—$0°g

€0

1 T T T T T T T T T T T
140 135

4.45 4.40 435 3.00 295 2.90 2.85 2.80 2.75 270 2.65

T T T T T
7.00

7.55 7.50 7.45 7.40 7.35

J

f1 (ppm)

E00€

Fwe
oo

Feoz

=680

I-e0c
68T

6.0 55 50 45 40 35 3.0 25 20 1.5 1.0 05 00 -05

6.5

115 11.0 105 100 95 9.0 85 80 75

12.0

f1 (ppm)

Figure S124: 'H NMR spectrum (400 MHz, CDCl3) of 5c.

8EYT—

86 PE—
£rge—

SET9—

€D OTLL—

$0°0TT—

5T —
T8°82T
ZE'6LT .V

80'BET—7
LT'BET s
PEPPT—~

9191
18791 V.

o

40

90

T
210

T
220

f1 (ppm)

Figure S125: 13C NMR spectrum (101 MHz, CDCls) of 5c.

S110



8e'T
ov;“/

Nv.aw

€00 924
1hLA
8bL
8bL
6vL ]
6L
052
05
051
152
152
25°¢
252
25°L
25°LA)
€54
5L
P5U
b5
5L
ss°¢4
5524
emd
95,
952

ATVW

BET—

b1 €]

0L
044
T4
14
1L
[/¥8
e
€474
€474

[ YA

Wi

e—
&r—
Sh'b—
y—

01|

6'L
0S°L
0S°L
18",

1§~
sL
sL
SL
sL
PS'L
bS'L
0L'L
e
7L
7L
wue
€L
€LL

— 00|

1.4

4.4

4.5
f1 (ppm)

7.5

7.6

7.7

EFre

Forz

Foov
66T

6.0 55 50

6.5

11.5

12.0

f1 (ppm)

Figure S126: 'H NMR spectrum (400 MHz, CDCls) of 5d.

9EpT—

06'19—

€A OTLL—

€101 —
st
811"
LS'ETT~

9L°61
86621

20°8e1—

£0°'SPT—

09091 —

M ibia

40

T
210

T
220

f1 (ppm)

3) of 5d.

Figure S127: 13C NMR spectrum (101 MHz, CDCI

S111



LET
mm..ﬁW.
o1

L4d4
0044
914
JAYS
L1
e
8T
8T
8174~
6174
0T L~
1L
{4 Aef
€T°L
€L
oL
sz'¢]
9z,
€000 92°L
9z'L
9L
LA
L
8L
sz
6224
62°L
0€°LH
0€'L
1€
TEL
[AWa
€€°4
ez

o
6
W
b

LET~C

N/
MM
o

[}

&

uHI e

F-£0T

560

[t

6Eb~_
Trp—
Shb—
prp"

00°Z
[AYA
ace
e
81¢

€L
STL
9L
oTL
&Ze
aZL
wm,n./

62
6L

3
ogL
oL
€L

L

1.3

1.4

—

T
=1

11

f1 (ppm)

Figure S128: 'H NMR spectrum (400 MHz, CDCls) of 5e.

orT—

6119 —

EDAITLL—

sTOTT—

64791
vL'821 ./
T4 748
6'8CT
ST'6CT
€T°6CT
mc.vm«*
66°LET
19T
59T v

17—

30

90

T
210

T
220

f1 (ppm)

Figure $129: 13C NMR spectrum (101 MHz, CDCls) of 5e.

S112



€T
vm.ﬁw
9€'T

vle—
w6'e—

i34
L&Y
BEY
a4 €T

€00 92'7
EL
£L
8€°L
8e°]
8€°L
66,
66°L
Ok
0b'LA
LA
L
(]
2L
L

Feoe

9T —

'

9Er—
LE£r—
6EP—
Wwr—

8E'L
8€'L
6€'L
6€'L
WL
Nv.n./
Wi~
mv.ﬁ\.
L
Er'L

'L

—L0€

—00'€

—10€

—a0C

—00C

LT

140 1.35 1.30

3.95 3.90 3.85 3.80 3.75 3.70

T T T 7
7.50 745 7.40 7.35 7.361.45 4.40 435

f1 (ppm)

Fooe
E10€

Iz

00
WMR.N

0.0 -05

0.5

115 110 105 100 95 90 85 80 75 70 65 6.0 55 50 45 40 35 3.0 25 2.0 1.5 1.0

12.0

f1 (ppm)

Figure S130: 'H NMR spectrum (400 MHz, CDCls) of 5f.

TP —

0628
£6'CS v

S8'19—

EDA9TLL—

YOI
6LSTT~_
(8821~
bL6IT—
STEET~

P6'8ET—
STTHPT—

11851 —
Sb'09T—
T —

60

T
210

T
220

f1 (ppm)

Figure S131: 13C NMR spectrum (101 MHz, CDCls) of 5f.

S113



s0b
8«&
0o
9EP
L
b
Wy
20z TES—
seL

6€°L

ST'T
ST'1
811

L

sT'T
0z'1
0zt

LT —
8e'T—
o' T—

86'€
86'€
66'€
00t
00+
104
0%
10b~
w0bf
0%
£0'p
£0'p
PO
+0'b

A\

socf
99'L
99°¢

009

—80€

[~ 16°€]

wmwd

88°C

T T T T T T T

T

T T 14 T T T T T

T

T T T T T T
7.70 7.65 7.60 7.55 7.50 7.45 7.40 7.35 4.45 440 4.35 4.30 4.10 4.05 4.00 3.95 3.90 1.45 1.40 135 1.30 1.25 1.20 1.15 1.10

T

f1 (ppm)

Fo09
E80c

Free

o

=580
E887
ot

T T
55 5.0

6.0
f1 (ppm)

6.5

T
11.0

T
115

T
12.0

Figure S132: 'H NMR spectrum (400 MHz, CD,Cl,) of 5g.

JRN
ot
62°91

TI0ZAD ¥B'ES—

L8719~
8569
b9'E9

L1611
SE'6TT

$6'571—
02621~
weer”
£8°€E1—
96'5ET -
S0P~
6EbbT

SSHbT

w9 —

oA Ao

FRROPTR P W TR
Laki

i

Lo

Ly
" "

AT

40

60

80

T
210

T
220

f1 (ppm)

Figure S133: 13C NMR spectrum (101 MHz, CD,Cl,) of 5g.

S114



3.57

T T T T T

T
4.2 4.0 3.8 3.6 34 3.2

3.57

30 28
f1 (ppm)
RSB o e o B e e e e e e e e e LA S A B AU S
140 120 100 80 60 40 0 -20 -40 -60 -80  -100  -120  -140  -160  -180  -200  -220  -240
f1 (ppm)

Figure S134: 31P NMR spectrum (162 MHz, CD,Cl) of 5g.

S115



600- 2
800 ~2
£00- 4

60°0-~_ _ ro
w0o0--" - [0
%1 o
wm.ﬂW = _ -
o1
g
L i
o1z
R —
e seT— -
8EF | oy
oT— 1/# €re| s
o1z L T oy
e d Fsoz[
9€h =
8ey = -
oth =]
[{33 b
oEb— =
SEb— -
obb— - Fooei 3
wy— -
659 659
mm,oW mm,mW - 60| © —
659 659 S
€D 92°¢
sEL .
sEL\ wmm/ =
8€°L~ S
i ﬁ 6L\ = o ==
652 [Ug nw =i I
s R e
ob N:\ - — 66
wed Wi —
2] WM \ - -
] L
Wiy S ~N
WL
e ]
2]
s
L
L
St
o2
st
oL
oL
oL
e

Fooe

Fere

Isoz

90T

EE60

Te6t

12.0

00 -05 -1.0

0.5

100 95 90 85 80 75 70 65 60 55 50 45 40 35 3.0 25 20 15 10
f1 (ppm)

11.0 105

11.5

Figure S135: 'H NMR spectrum (400 MHz, CDCls) of 5h.

IS F—

05PT~
et

00'19—

€A 9T LL—

61°L01—

19921~
or8zI~
or'6et

6€'6ET—
BHEPT~_
66'€HT—

68291 —

Lod

Pt

purvey

T

T
210

T
220

f1 (ppm)

Figure S136: 13C NMR spectrum (101 MHz, CDCls) of 5h.

S116



[AYAl
€1000 927
8L
8L
€L
0€°L4
TELA
TELA
€L
[Ave
£€°L
el
L
SE°¢A
SE€°L
SE°LA
9e°L
9€°L
e
AVE
£
8eL
8eL
8¢,
8€L
6€L
6€°Lq
or'L
LA
Wi
WL
£b'L
€L
bl
0574~
0574~

w7
Nm.nn\

108
20°e
£0'g
08

wL—

108~
208"
€08~
08—

—9Z°07|

— 007

— 860

f1 (ppm)

NN

Cl

E 860

f1 (ppm)

Figure S137: 'H NMR spectrum (400 MHz, CDCl3) of 5i.
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Figure S143: 19F NMR spectrum (376 MHz, CDCls) of 5k.
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Figure S144: 'H NMR spectrum (400 MHz, CDCl3) of 5l.
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