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High-throughput DoE synthesis of chalcones and pyrazolines 
for fluorescent sensing

Alexander Ciupa*

General Experimental

Chemicals, solvents and reagents were purchased from commercial sources and used without further 
purification. PE refers to petroleum ether, bp 40-60 °C. Spectroscopy was performed with 
CHROMASOLV® gradient grade acetonitrile for HPLC, ≥99.9%, from Sigma-Aldrich.

The metal complexes used in this study were: LiCl, NaCl, KCl, CaCl2, MgCl2, CuCl2, NiCl2, ZnCl2, CdCl2, 
RuCl3, CoCl2, MnCl2, PbCl2, ZnCl2 and HgI2.

NMR spectra were obtained on a Bruker Avance III (400 MHz) spectrometer and processed via 
TopSpin® software. The chemical shifts are recorded in parts per million (ppm) with reference to 
tetramethylsilane. The coupling constants J are quoted to the nearest 0.5 Hz and are not corrected.

High resolution Mass spectroscopy was performed on Bruker Quadrupole Time-of-Flight (qToF) mass 
spectrometer.

UV/Vis spectroscopy was performed on an Thermo Scientific Varioskan LUX Multimode Microplate 
Reader with 360 nm excitation and measurement at 380-650 nm. 

A 100 Watt 365 nm Analytikjena High intensity UV lamp was used to image the sensors in cuvettes 
with 5.0 equivalent indicated metal, sensor concentration was 20 µM, solvent was MeCN.

All figures were plotted using SigmaPlot® 14.5 software.

JMP Student edition 18 was used for all DoE studies.
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Optimised synthetic conditions (S0)

Claisen–Schmidt condensation
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The following general procedure was used to synthesize chalcones C1-C27:

10 mmol of the required aromatic ketone was added to a stirred solution of 10 mmol of the required 
aromatic aldehyde in 40 mL EtOH, 5 mL H2O, followed by 0.2 equiv. NaOH (2 mmol) and stirring 
continued at 4oC in a standard laboratory fridge. After 8 hrs the solution was removed from the fridge, 
the EtOH removed under vacuum and the resultant solid washes with copious amounts of cold H2O, 
then dried in a freeze dryer. Recrystallisation from EtOH provided the required product without 
further purification.

See ESI S7 for 1H and 13C NMR spectra for C1-C27

See ESI S8 for characterisation details.

Pyrazoline formation
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The following general procedure was used to synthesize pyrazolines P1-P11:

6 mmol of the required hydrazine was added to a stirred chalcone solution (2 mmol) in 20 mL EtOH 
with stirring continued at 4oC in a standard laboratory fridge. After 24 hrs the solution was removed 
from the fridge, the EtOH removed under vacuum and the resultant solid washed with copious 
amounts of cold H2O, then dried in a freeze dryer. Recrystallization from EtOH provided the required 
pyrazoline without further purification.

See S7 for 1H and 13C NMR spectra for P1-P11

See S9 for characterisation details.



Claisen-Schmidt condensations reported between 1960 and 
2025 via the Reaxys database (S1)



Pyrazoline synthesis reported between 1960 and 2025 via 
the Reaxys database (S2)



LC-MS calibration curve for C1 formation (S3)



Initial parameter screening for DoE using OFAT approach 
(S4)



LC-MS calibration curve for P1 formation (S4)



C1 DoE Analysis report (S5)



DoE summary: Base, temperature, solvent and time are significant factors for the formation of C1. 
These factors are interacting with each other and therefore DoE is ideal for optimising these reaction 
conditions. Ideal conditions: MeOH, 0.2 equiv. NaOH, 4oC and 8 hrs reaction time.



P1 DoE Analysis report (S6)



DoE summary: Hydrazine equiv., solvent, temperature and time are significant factors for the 
formation of P1. These factors are interacting with each other and therefore DoE is ideal for optimising 
these reaction conditions. Ideal conditions: EtOH, 3 equiv. hydrazine, 4oC and 24 hrs reaction time.



NMR Spectra (S7)













































































Chalcone Characterisation (S8)
C1

N

O

Yield (83%)

1H NMR δH (400 MHz; CDCl3) 7.43-7.44 (3 H, m, CH), 7.50-7.51 (1 H, m, CH), 7.75-7.76 (2 H, m, CH), 
7.80-7.92 (1 H, m, CH), 7.95- 7.99 (1 H, d, CH, J = 16.0 Hz, CH=CH), 8.20-8.22 (1 H, m, CH), 8.31- 8.35 ( 
1H, d, J = 16.0 Hz, CH=CH) and 8.76-8.77 (1 H, m, CH);

13C NMR δc (100 MHz; CDCl3) 120.1, 122.9, 126.9, 128.8, 128.9, 130.6, 135.2, 137.0, 144.8, 148.9, 
154.2 and 189.5; 

Above in agreement with previous data from J. Am. Chem. Soc., 1996, 118, 33, 7702

and Org. Biomol. Chem., 2012,10, 8753.

C2

N

O

F

Yield (72%)

1H NMR δH (400 MHz; CDCl3) 7.10-7.14 (2 H, m, CH), 7.49-7.53 (1 H, m, CH), 7.72-7.75 (2 H, m, CH), 
7.89- 7.94 (2 H, m, CH and CH=CH), 8.20-8.27 (2 H, m, CH and CH=CH) and 8.74- 8.76 (1 H, m, CH); 

13C NMR δc (100 MHz; CDCl3) 115.9, 116.1, 120.6, 122.9, 126.9, 127.0, 130.7, 136.8, 137.1, 143.4, 
148.8 and 189.3;

Above in agreement with previous data from Inorg. Chem. 2019, 58, 19, 12547 and New J. Chem., 
2024,48, 13900.

C3

N

O

Cl

Yield (86%)

1H NMR δH (400 MHz; CDCl3) 7.28-7.40 (2 H, m, CH), 7.48-7.51 (1 H, m, CH), 7.63- 7.64 (2H, m, CH), 
7.82-7.90 (2 H, m, CH and CH=CH), 8.18-8.20 (1 H, m, CH), 8.27-8.31 (1H, d, J = 16.0 Hz, CH=CH), 
8.73-8.76 (1 H, m, CH);

13C NMR δc (100 MHz; CDCl3) 121.4, 122.9, 127.0, 129.2, 130.0, 133.7, 136.4, 137.1, 143.2, 148.9 and 
189.3;



Above in agreement with previous data from Inorg. Chem. 2019, 58, 19, 12547 and New J. Chem., 
2024,48, 13900.

C4

N

O

NO2

Yield (60%)

1H NMR δH (400 MHz; CDCl3) 7.55-7.57 (1 H, m, CH), 7.87-7.96 (4 H, m, CH), 8.21-8.30 (3 H, m, CH), 
8.42-8.47 (1 H, m, CH), 8.42-8.47 (1 H, m, CH) and 8.77-8.78 (1 H, m, CH;

13C NMR δc (100 MHz; CDCl3) 123.1, 124.1, 124.8, 127.4, 229.3, 137.2, 141.3, 141.3, 148.6, 149.0 
153.6 and 188.9; 

Above in agreement with previous data from Inorg. Chem. 2019, 58, 19, 12547 and New J. Chem., 
2024,48, 13900.

C5

N

O

OMe

Yield (75%)

1H NMR δH (400 MHz; CDCl3) 7.44-7.46 (3 H, m, CH), 7.54-7.59 (2 H, m, CH and CH=CH), 7.66- 7.68 (2 
H, m, CH), 7.83-7.87 (1 H, d, J = 16 Hz, CH=CH) and 8.04-8.07 (2 H, m, CH);

13C NMR δc (100 MHz; CDCl3) 122.1, 128.5, 128.5, 128.7, 129.0, 130.6, 132.8, 134.9, 138.2, 144.9 and 
190.6;

Above in agreement with previous data from Inorg. Chem. 2019, 58, 19, 12547 and New J. Chem., 
2024,48, 13900.

C6



N

O

OMe

OMe

Yield (89%)

1H NMR δH (400 MHz; CDCl3) 3.95 (3 H, s, CH3), 3.99 (3 H, s, CH3), 6.90-6.93 (1 H, d, J = 12.0 Hz, CH), 
7.28-7.32 (2 H, m, CH), 7.48-7.52 (1 H, m, CH), 7.87-7.95 (2 H, m, CH and CH=CH), 8.14-8.22 (2 H, m, 
CH and CH=CH) and 8.75-8.77 (1 H, m, CH);  

13C NMR δc (100 MHz; CDCl3) 56.0, 56.1, 110.2, 111.0, 118.6, 122.9, 124.0, 126.8, 128.2, 137.1, 145.1, 
148.8, 149.2, 151.5, 154.5 and 189.3;

Above in agreement with previous data from Inorg. Chem. 2019, 58, 19, 12547 and New J. Chem., 
2024,48, 13900.

C7

N

O

OMe

OMe

OMe

Yield (87%)

1H NMR δH (400 MHz; CDCl3) 3.91-3.94 (9 H, m, CH3), 6.96 (2 H, s, CH), 7.49-7.52 (1 H, m, CH), 7.86-
7.89 (2 H, m, CH and CH=CH), 8.16-8.20 (2 H, m, CH and CH=CH) and 8.75-8.76 (1 H, m, CH);

13C NMR δc (100 MHz; CDCl3) 56.3, 61.0, 106.1, 119.6, 122.9, 126.9, 130.6, 137.1, 140.5, 145.1, 148.8, 
153.4, 154.3 and 189.3;

Above in agreement with previous data from Med. Chem. Commun., 2013, 4, 956.

C8

N

O

Yield (92%)

1H NMR δH (400 MHz; CDCl3) 7.53- 7.63 (4H, m, CH), 7.90-7.96 (3 H, m, CH), 8.07-8.09 (1 H, m, CH), 
8.25-7.27 (1 H, m, CH), 8.35-8.36 (1 H, m, CH), 8.41-8.45 (1 H, d, J = 16.0 Hz, CH=CH), 8.78-8.79 (1 H, 
m, CH) and 8.83-8.87 (1 H, d, J= 16.0 Hz, CH=CH);

13C NMR δc (100 MHz; CDCl3) 123.0, 123.3, 123.5, 125.5, 125.6, 126.2, 126.9, 128.8, 130.9, 132.0, 
132.4, 133.8, 137.1, 141.4, 148.9, 154.3 and 189.4;

Above in agreement with previous data from Research on Chemical Intermediates, 2023, 49, 469.

C9



N

O

Yield (77%)

1H NMR δH (400 MHz; CDCl3) 7.52-7.55 (5 H, m, CH), 7.93-7.94 (1 H, m, CH), 8.04-6.06 (2 H, m, CH), 
8.29- 8.49 (5 H, m, CH), 8.71-8.72 (1 H, m, CH) and 8.94-8.97 (1 H, d, J = 12.0 Hz, CH);

13C NMR δc (100 MHz; CDCl3) 123.1, 125.4, 125.5, 126.4, 126.9, 128.5, 128.9, 129.9, 130.2, 131.3, 
137.0, 141.8, 149.1, 154.2 and 189.2;

Above in agreement with previous data from Research on Chemical Intermediates, 2023, 49, 469.

C10

O

Yield (72%)

1H NMR δH (400 MHz; CDCl3) 7.44-7.46 (3 H, m, CH), 7.54-7.59 (3 H, m, CH and CH=CH), 7.58-7.90 (1 
H, m, CH), 7.66-7.68 (2 H, m, CH), 7.83-7.87 (1 H, d, J = 16.0 Hz, CH=CH), 8.04-8.07 (2 H, m, CH);

13C NMR δc (100 MHz; CDCl3) 122.1, 128.5, 128.5, 128.7, 129.0, 130.6, 132.8, 134.9, 138.2, 144.9 and 
190.6;

Above in agreement with previous data from Dalton Trans., 2023, 52, 12368.

C11

O

F

Yield (73%)

1H NMR δH (400 MHz; CDCl3) 7.11-7.16 (2 H, m, CH), 7.47-7.55 (3 H, m, CH), 7.62-7.68 (3 H, m, CH), 
7.78-7.82 (1 H, d, J = 16.0 Hz, CH=CH), 8.03-8.05 (2 H, m, CH);

13C NMR δc (100 MHz; CDCl3) 116.1, 116.3, 121.8, 128.5, 128.7, 130.3, 130.4, 132.9, 138.2, 143.5 and 
190.3;

Above in agreement with previous data from Chem. Commun., 2019, 55, 2348.

C12



O

Cl

Yield (77%)

1H NMR δH (400 MHz; CDCl3) 7.40-7.42 (2 H, m, CH), 7.51-7.55 (3 H, m, CH), 7.86-7.62 (3 H, m, CH), 
7.76-7.80 (1 H, d, J = 16.0 H, CH=CH), 8.03-6.05 (2 H, m, CH);

13C NMR δc (100 MHz; CDCl3) 122.5, 128.5, 128.7, 129.3, 129.6, 132.9, 133.4, 136.5, 138.0, 143.3 and 
190.3;

Above in agreement with previous data from Dalton Trans., 2023, 52, 12368.

C13

O

NO2

Yield (84%)

1H NMR δH (400 MHz; CDCl3) 7.53-7.57 (2 H, m, CH), 7.63-7.67 (2 H, m, CH), 7.80-7.86 (3 H, m, CH), 
8.05-8.07 (2 H, m, CH) and 8.28-8.30 (2 H, m, CH);

13C NMR δc (100 MHz; CDCl3) 124.3, 125.7, 128.6, 128.8, 129.0, 133.4, 137.6, 141.1, 141.5, 148.6 and 
189.7;

Above in agreement with previous data from Tett. Lett., 2017, 58, 3984. 

C14

O

OMe

Yield (60%)

1H NMR δH (400 MHz; CDCl3) 3.87 (3 H, s, CH3), 6.94-6.97 (2 H, m, CH), 7.42-7.46 (1 H, d, J = 16.0 Hz, 
CH=CH), 7.49-7.51 (2 H, m, CH), 7.58-7.59 (1 H, m, CH), 7.61-7.63 (2 H, m, CH), 7.79-7.83 (1 H, d, J = 
16.0 Hz, CH) and 8.02-8.05 (2 H, m, CH);

13C NMR δc (100 MHz; CDCl3) 55.4, 114.5, 119.8, 127.6, 128.4, 128.6, 130.3, 132.6, 138.5, 144.7, 
161.8 and 190.6;

Above in agreement with previous data from Chem. Commun., 2019, 55, 2348.

C15



O

OMe

OMe

Yield (65%)

1H NMR δH (400 MHz; CDCl3) 3.96-3.98 (6 H, m, CH3), 6.93-6.98 (1 H, m, CH), 7.17-7.18 (1 H, m, CH), 
7.24-7.28 (1 H, m, CH), 7.39-7.46 (2 , m, CH), 7.47-7.49 (2 H, m, CH), 7.50-7.57 (1 H, m, CH), 7.56-7.59 
(1 H, m, CH) and  7.75-7.79 (1 H, m, CH);

13C NMR δc (100 MHz; CDCl3) 56.0, 56.2, 110.4, 120.1, 123.2, 126.9, 128.3, 128.4, 128.6, 132.6, 133.1, 
138.5, 145.1, 149.3 and 190.9;

Above in agreement with previous data from J. Org. Chem. 2025, 90, 16, 5343.

C16

O

OMe

OMe

OMe

Yield (74%)

1H NMR δH (400 MHz; CDCl3) 3.92-3.94 (9 H, m, CH3), 6.88 (2 H, s, CH), 7.40-7.44 (1 H, m, CH), 7.51-
7.55 (2 H, m, CH), 7.56-7.61 (1 H, m, CH), 7.12-7.76 (1 H, m, CH) and 8.02-8.03 (2 H, m, CH);

13C NMR δc (100 MHz; CDCl3) 56.2, 61.0, 105.7, 106.7, 121.5, 128.6, 130.4, 132.7, 138.3, 140.5, 145.1, 
153.4 and 190.6;

Above in agreement with previous data from Arch. Pharm., 2020, 353, 2000157.

C17

O

Yield (84%)

1H NMR δH (400 MHz; CDCl3) 7.54-7.68 (7 H, m, CH), 7.91-7.70 (3 H, m, CH), 8.11-9.12 (2 H, m, CH), 
8.27-8.29 (1 H, m, CH) and 8.69-8.73 (1 H, d, J = 16.0 Hz, CH=CH);

13C NMR δc (100 MHz; CDCl3) 123.5, 124.7, 125.1, 126.3, 127.0, 128.7, 128.8, 131.8, 132.4, 132.9, 
133.8, 141.8 and 190.4;

Above in agreement with previous data from J. Am. Chem. Soc., 2024, 146, 25927.

C18



O

Yield (73%)

1H NMR δH (400 MHz; CDCl3) 7.51- 7.71 (8 H, m, CH), 8.05-8.13 (4 H, m, CH), 8.32-8.34 (1 H, m, CH), 
8.49-8.80 (2 H, m, CH) and 8.99-9.01 (1 H, d, J= 8.0 Hz, CH);

13C NMR δc (100 MHz; CDCl3) 123.6, 125.3, 125.5, 125.7, 128.5, 128.9, 129.2, 129.7, 131.3, 135.3, 
141.9 and 193.0;

Above in agreement with previous data from RSC Adv., 2015, 5, 72764.

C19

O

Yield (72%)

1H NMR δH (400 MHz; CDCl3) 7.46-7.60 (3 H, m, CH), 7.62-7.65 (2 H, m, CH), 7.71-7.75 (3 H, m, CH), 
7.89-7.98 (4 H, m, CH) and 8.12-8.15 (1 H, m, CH); 

13C NMR δc (100 MHz; CDCl3) 122.1, 124.5, 126.8, 127.9, 128.4, 128.5, 128.6, 129.0, 129.6, 130.0, 
130.6, 135.0, 135.5, 135.6, 144.8 and 190.4;

Above in agreement with previous data from Dalton Trans., 2022, 51, 16181.

C20

O

F

Yield (76%)

1H NMR δH (400 MHz; CDCl3) 7.14-7.18 (2 H, m, CH), 7.61-7.72 (5 H, m, CH), 7.85-8.01 (4 H, m, CH), 
8.11-8.13 (1 H, m, CH) and 8.56 (1 H, s, CH);

13C NMR δc (100 MHz; CDCl3) 76.7, 77.4, 116.1, 124.5, 126.9, 128.6, 129.6, 130.0, 130.5, 131.2, 132.6, 
135.5, 135.5, 143.5, 190.1;

C21



O

Cl

Yield (79%)

1H NMR δH (400 MHz; CDCl3) 7.41-7.59 (2 H, m, CH), 7.59-7.71 (5 H, m, CH), 7.82-7.86 (1 H, m, CH), 
7.91-8.01 (4 H, m, CH), 8.03-8.13 (1 H, m, CH) and 8.55 (1 H, s, CH);

13C NMR δc (100 MHz; CDCl3) 122.5, 123.5, 126.9, 127.0, 127.2, 127.8, 128.5, 128.7, 128.9, 129.3, 
129.6, 129.7, 130.0, 130.2, 132.4, 132.6, 133.8, 135.6, 135.8, 136.5, 141.5, 143.3 and 190;

C22

O

NO2

Yield (72%)

1H NMR δH (400 MHz; CDCl3) 7.62-7.67 (2 H, m, CH), 7.81-8.07 (8 H, m, CH), 8.05-8.14 (1 H, m, CH), 
8.30-8.32 (2 H, m, CH) and 8.57 (1 H, s, CH);

13C NMR δc (100 MHz; CDCl3) 123.9, 124.3, 124.3, 125.7, 126.6, 127.1, 127.9, 128.8, 128.9, 129.0, 
129.6, 130.3, 132.5, 134.9, 135.7, 141.1, 141.5, 148.6 and 189.4;

Above in agreement with previous data from J. Mol. Struc., 2025, 1340, 42526.

C23

O

OMe

Yield (70%)  

1H NMR δH (400 MHz; CDCl3) 3.89 (3 H, s, CH3), 6.96-6.99 (2 H, m, CH), 7.58-7.86 (2 H, m, CH), 7.87-
8.13 (10 H, m, CH) and 8.48-8.55 (1 H, m, CH;

13C NMR δc (100 MHz; CDCl3) 123.6, 124.6, 124.8, 125.2, 125.5, 126.4, 126.9, 127.0, 127.9, 128.5, 
128.7, 128.8, 129.6, 130.1, 130.9, 135.6 and 141.6; 

C24

O

OMe

OMe

Yield (89%)



1H NMR δH (400 MHz; CDCl3) 3.96-3.99 (6 H, m, CH3), 6.96-6.95 (1 H, m, CH), 7.22-7.28 (2 H, m, CH), 
7.43-7.43 (2 H, m, CH), 7.55-7.60 (4 H, m, CH), 7.83-7.95 (8 H, m, CH) and 8.04-8.10 (1 H, m, CH);

13C NMR δc (100 MHz; CDCl3) 56.0, 56.2, 108.9, 110.3, 110.4, 111.2, 120.1, 123.2, 123.9, 124.6, 126.8, 
126.9, 127.8, 128.0, 128.3, 128.4, 128.5, 129.5, 129.6, 149.3, 190.39;

C25

O

OMe

OMe

OMe

Yield (95%)

1H NMR δH (400 MHz; CDCl3) 3.94-3.97 (9 H, m, CH3), 6.91-6.92 (2 H, s, CH), 7.15 (1 H, s, CH), 7.58-
7.65 (3 H, m, CH), 7.8-7.82 (1 H, m, CH), 7.91-8.11 (5 H, m, CH) and 8.55 (1 H, m, CH);

13C NMR δc (100 MHz; CDCl3) 56.3, 61.0, 105.8, 106.7, 121.6, 124.6, 126.8, 127.9, 128.4, 128.6, 129.5, 
129.9, 130.5, 132.6, 135.5, 145.1, 153.4 and 191.1;

Above in agreement with previous data from Chem. Biol. Drug. Des., 2013, 82, 732.

C26

O

Yield (76%)

1H NMR δH (400 MHz; CDCl3) 7.56-7.66 (6 H, m, CH), 7.80-7.84 (1 H, m, CH), 7.92-8.00 (7 H, m, CH), 
8.18-8.20 (1 H, m, CH), 8.31-8.32 (1H, m, CH), 8.62-8.63 (1 H, m, CH) and 8.75-8.78 (1 H, m, CH);

13C NMR δc (100 MHz; CDCl3) 123.6, 124.6, 124.8, 125.2, 125.5, 126.4, 126.9, 127.0, 127.9, 128.5, 
128.7, 128.8, 129.6, 130.1, 130.9, 135.6, 141.7 and 190.1;

Above in agreement with previous data from Eur. J. Med. Chem., 2013, 64, 35.

C27

O

Yield (75%)

1H NMR δH (400 MHz; CDCl3) 7.54-7.59 (6 H, m, CH), 7.74-7.78 (1 H, m, CH), 7.92-8.09 (5 H, m, CH), 
8.22-8.23 (1 H, m, CH), 8.37-8.39 (2 H, m, CH), 8.51-8.57 (2 H, m, CH), 8.87-8.91 (1 H, m, CH);



13C NMR δc (100 MHz; CDCl3) 124.5, 125.4, 125.5, 126.5, 126.9, 127.9, 128.5, 128.8,129.0, 129.6, 
129.7, 130.3, 131.1, 131.4, 132.6, 135.3, 135.6, 141.9 and 189.5;

Above in agreement with previous data from New J. Chem., 2018,42, 1037.

Pyrazoline Characterisation (S9)

P1

N
N N

Yield (75%)

1H NMR δH (400 MHz; CDCl3) 2.37-2.43 (1 H, m, CH), 2.86-2.91 (1 H, m, CH), 4.93-4.97 (1 H, m, CH), 
6.08 (1H, m, CH), 6.68-6.91 (1 H, m, CH), 6.91-6.93 (2 H, m, CH), 7.07-7.08 (2 H, m, CH), 7.18-7.19 (2 
H, m, CH), 7.27-7.31 (2 H, m, CH), 7.42-7.43 (2 H, m, CH), 7.67-7.75 (2 H, m, CH) and 8.49-8.50 (1 H, 
m, CH);

13C NMR δc (100 MHz; CDCl3) 64.4, 113.6, 119.6, 120.6, 125.8, 127.5, 127.7, 129.0, 129.1, 135.9, 
137.1, 142.3, 144.3, 148.0, 148.1 and 152.2;

HRMS m/z Found 300.1500 (M+H+). C20H18N3 requires 300.1501.

Above in agreement with previous data from Med. Chem. Commun., 2013 ,4, 956.

P2

N
N N

F

Yield (38%)

1H NMR δH (400 MHz; CDCl3) 3.00-3.06 (1 H, m, CH), 3.72-3.79 (1 H, m, CH), 5.16-5.21 (1 H, m, CH), 
6.69-7.33 (10 H, m, CH) and 7.63-7.65 (3 H, m, CH);

13C NMR δc (100 MHz; CDCl3) 43.6, 63.8, 113.4, 115.9, 116.2, 119.3, 122.6, 125.8, 127.5, 127.6, 128.6, 
128.9, 129.1, 131.3, 132.6 and 146.7;

HRMS m/z Found 318.1465 (M+H+). C20H17FN3 requires 318.1407.

Above in agreement with previous data from Journal of biomolecular structure and dynamics, 2017,



35, 1599.

P3

N
N N

Cl

Yield (94%)

1H NMR δH (400 MHz; CDCl3) 3.28-3.34 (1 H, m, CH), 3.96-3.02 (1 H, m, CH), 5.31-5.36 (1 H, m, CH), 
6.85-6.86 (1 H, m, CH), 7.22-7.26 (4 H, m, CH), 7.30-7.32 (2 H, m, CH), 7.40-7.41 (1H, m, CH), 7.69-
7.72 (1 H, m, CH), 8.15-8.17 (1 H, m, CH) and 8.55-8.56 (1 H, m, CH);

13C NMR δc (100 MHz; CDCl3) 43.5, 63.9, 113.4, 113.4, 122.6, 125.8, 127.4, 128.4, 128.6, 128.7, 129.3, 
131.4, 138.3, 141.1, 141.4 and 146.7; 

HRMS m/z Found 334.1080 (M+H+). C20H17ClN3 requires 334.1111.

Above in agreement with previous data from Journal of biomolecular structure and dynamics, 2017,

35, 1599.

P4

N
N N

NO2

Yield (78%)

1H NMR δH (400 MHz; CDCl3) 3.28-3.34 (1 H, m, CH), 3.96-4.04 (1 H, m, CH), 5.32-5.37 (1 H, m, CH), 
6.84-6.86 (1 H, s, CH), 7.08-7.10 (2 H, m, CH), 7.21-7.33 (6 H, m, CH), 7.40-7.42 (2 H, m, CH), 7.71-
7.73 (1 H, m, CH), 8.15-8.17 (1 H, m, CH) and 8.55-8.56 (1 H, m, CH);

13C NMR δc (100 MHz; CDCl3) 43.1, 63.9, 113.6, 119.8, 120.7, 122.8, 127.3, 129.0, 129.3, 133.3, 136.1, 
140.8, 144.1, 147.9. 149.1 and 151.9;

HRMS m/z Found 345.1353 (M+H+). C20H17N4O2 requires 345.1352.

P5

N
N N

OMe

OMe

Yield (85%)



1H NMR δH (400 MHz; CDCl3) 3.30-3.36 (1 H, m, CH), 3.83-3.99 (7 H, m, CH and CH3), 5.28-5.33 (1 H, 
m, CH), 6.83-6.85 (4 H, m, CH), 7.15-7.28 (5 H, m, CH), 7.66-7.78 (1 H, m, CH), 8.15-8.17 (1 H, m, CH) 
and 8.55-8.57 (1 H, m, CH);

13C NMR δc (100 MHz; CDCl3) 43.2, 55.9, 56.0, 64.7, 108.7, 111.5, 112.1, 113.7, 118.0, 119.5, 119.7, 
120.7, 129.2, 134.9, 136.0, 144.5, 149.1 and 152.1;

HRMS m/z Found 360.1724 (M+H+). C22H22N3O2 requires 360.1712.

P6

N
N N

Yield (45%)

1H NMR δH (400 MHz; CDCl3) 3.23-3.30 (1 H, m, CH), 4.10-4.17 (1 H, m, CH), 6.74-6.76 (1 H, m, CH), 
7.01-7.70 (11 H, m, CH), 7.72-7.85 (5 H, m, CH), 8.00-8.07 (1 H, m, CH), 8.08-8.1 (1 H, m, CH) and 
8.40-8.8.42 (1 H, m, CH);

13C NMR δc (100 MHz; CDCl3) 43.9, 59.9, 107.2, 114.4, 114.5, 115.4, 115.6, 128.1, 128.2, 128.5, 128.6, 
129.2, 129.3, 133.3, 136.8, 136.9, 136.9, 137.5, 137.7, 147.6, 147.6 and 160.3;

HRMS m/z Found 350.1470 (M+H+). C24H20N3 requires 350.1657.

P7

N
N N

N

Yield (50%)

1H NMR δH (400 MHz; CDCl3) 3.50-3.56 (1 H, m, CH), 3.64-3.70 (1 H, m, CH), 4.58-4.59 (1 H, m, CH), 
6.50-6.52 (1 H, m, CH), 6.82-6.93 (2 H, m, CH), 7.33-7.40 (5 H, m, CH), 7.71-7.94 (4 H, m, CH) and 
8.56-8.57 (1 H, m, CH);

13C NMR δc (100 MHz; CDCl3) 44.2, 60.3, 114.2, 114.6, 115.2, 115.4,115.6, 121.8, 121.9, 127.1, 127.3, 
129.2, 136.8, 138.3, 148.8 and 153.3;

HRMS m/z Found 301.1459 (M+H+). C19H17N4 requires 301.1453.

P8

N
N N

N

F



Yield (52%)

1H NMR δH (400 MHz; CDCl3) 3.28-3.32 (1 H, m, CH), 3.33-3.4 (1 H, m, CH), 4.67-4.70 (1 H, m, CH), 
6.11 (1 H, s, CH), 6.60-6.61 (1 H, m, CH), 6.89-6.82 (1 H, m, CH), 6.98-7.00 (2 H, m, CH), 7.38-7.47 (5 
H, m, CH), 7.53-7.90 (2 H, m, CH) and 7.99-8.01 (1 H, m, CH); 

13C NMR δc (100 MHz; CDCl3) 51.0, 95.1, 110.7, 115.2, 115.6, 115.8, 124.9, 127.5, 127.8, 128.5, 137.9, 
145.3, 146.5, 147.9, 155.5, 162.1 and 164.6;

HRMS m/z Found 319.1410 (M+H+). C19H16FN4 requires 319.1359.

P9

N
N N

N

Cl

Yield (50%)

1H NMR δH (400 MHz; CDCl3) 3.28-3.36 (1 H, m, CH), 3.48-3.54 (1 H, m, CH), 4.67-4.68 (1 H, m, CH), 
6.01 (1 H, s, CH), 6.61-6.64 (1 H, m, CH), 6.89-6.91 (1 H, m, CH),7.28-7.32 (3 H, m, CH), 7.37-7.39 (2 H, 
m, CH), 7.46-7.46 (3 H, m, CH) and 7.54-7.56 (1 H, m, CH);

13C NMR δc (100 MHz; CDCl3) 43.9, 60.0, 107.2, 114.6, 128.1, 128.7, 128.8, 129.0, 133.4, 133.5, 136.7, 
137.7, 139.7, 147.7, 160.2 and 198.2;

HRMS m/z Found 335.0941 (M+H+). C19H16ClN4 requires 335.1063.

P10

N
N N

N

NO2

Yield (31%) 

1H NMR δH (400 MHz; CDCl3) 3.67-3.77 (2 H, m, CH), 6.67-6.74 (2 H, m, CH), 7.20-7.23 (1 H, m, CH), 
7.54-7.61(2 H, m, CH), 7.75-7.77 (2 H, m, CH), 7.87-7.92 (3 H, m, CH), 8.27-8.29 (2 H, m, CH), 8.57-
8.58 (1 H, m, CH);

13C NMR δc (100 MHz; CDCl3) 48.9, 59.9, 110.8, 115.2, 116.2, 120.2, 122.6, 122.8, 123.9, 126.4, 136.6, 
136.7, 138.1, 144.2, 146.4, 147.6, 148.9;

HRMS m/z Found 346.1279 (M+H+). C19H16N5O2 requires 346.1304.

P11



N
N N

N

Yield (45%) 

1H NMR δH (400 MHz; CDCl3) 3.87-3.99 (2 H, m, CH), 6.69-6.70 (1 H, m, CH), 7.19-7.23 (1 H, m, CH), 
7.46-7.92 (12 H, m, CH), 8.39-8.62 (1 H, m, CH) and 9.49-9.51 (1 H, m, CH);

13C NMR δc (100 MHz; CDCl3) 42.7, 48.9, 95.2, 107.3, 110.8, 114.8, 116.1, 120.2, 122.0, 122.7, 123.5, 
123.7, 123.9, 126.4, 127.5, 128.4, 128.7, 137.0, 138.1, 146.5, 147.6, 148.9 and 149.0;

HRMS m/z Found 351.1540 (M+H+). C23H19N4 requires 351.1610.

High throughput screening (S10)












