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One-pot preparation of pyrazole “turn on” and “turn off” fluorescent
sensors for Zn?* and Cd?* directly from chalcones via in situ aromatisation

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, 299.9%, from Sigma-Aldrich.

The metal complexes used in this study were: LiCl, NaCl, KCI, CaCl,, MgCl,, CuCl,, CuSO,, Cu(OAC),,
NiCl,, ZnCl,, CdCl,, RuCls, CoCl,, MnCl,, PbCl,, ZnCl,, FeSO, and FeCls.

TLCs were carried out on Merck Aluminium backed TLC plates Silica Gel 60 F254 and viewed using UV
light of wavelength 254 nm. Merck Silica Gel (0.040-0.063 mm) was used for column chromatography.
Compounds were loaded as an oil, CH,Cl, solution or dry loaded by adsorption onto silica.

NMR spectra were obtained on a Bruker Avance Ill (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 Agilent Cary5000 in quartz cuvettes with a 1 cm pathlength
using HPLC grade MeCN, 250-500 nm range with 0.2 sec dwell time. Detector switchover occurred at
350 nm.

FTIR spectroscopy was performed on a Bruker VERTEX 70 spectrometer.

Fluorescence spectroscopy was performed on an Edinburgh Instruments FLS1000 with a xenon
excitation source, 2 nm bandwidths for both excitation and emission monochromator, scan speed of
1 nm and dwell time of 0.2 sec. Fluorescence quartz cuvettes with a 1 cm pathlength were used
throughout with HPLC grade MeCN.

An Agilent LC-MS 1260 system with 40% MeOH, 60% H,0 (with 1% Formic acid) isocratic flow rate of
1mL/min on a 250 mm C,;53 ZORBAX column with detection at 254 nm. Mass spectrometer was in MM-
APCIl mode with a scan of 50 -400 m/z.

A 100 Watt 365 nm Analytikjena High intensity UV lamp or 254 nm 6 Watt Analytikjena TLC lamp was
used for images of samples in cuvettes.

All figures were plotted using SigmaPlot® 14.5 software.



General Synthesis

Synthesis of (E)-3-phenyl-1-(pyridin-2-yl)prop-2-en-1-one (C1)

(0] 0]
10% NaOH in 10 mL
N 4°C N
24 hrs
1eq. 1 eq. Cc1

Using the methods previously reported (Org. Biomol. Chem., 2012, 10, 8753) 2-acetylpyridine (20
mmol) was added to a solution of benzaldehyde (20 mmol) in 100 mL water. 10 mL of a 10% NaOH
solution was added, the mixture shaken for several minutes and then left at 4°C for 24 hours. After 24
hours the solid precipitate was filtered, washed with cold water and dried to afford C1 (3.31 g, 79%).

Synthesis of C2-C9

O 0
1 eq. NaOH
N + H X y 50 ertMeOH -
=N = 6 hrs
1eq. 1.2 eq. C2-C9

The following general method was adapted from the literature (RSC Adv., 2015, 5, 21445). 2-
acetylpyridine (5 mmol) was added to a solution of the required substituted aldehyde (6 mmol) in 50
mL MeOH at room temperature. NaOH (5 mmol) was added and stirring continued at room
temperature for 6 hrs after which the solution was removed under reduced pressure. The residue was
resuspended in cold H,0 and filtered to afford the required chalcone which was further purified by
recrystallization from diethyl ether.

Synthesis of P1-P9

2 eq. H,NNHMe 7 Dy
1 eq. CuCl, — X N
50 mL MeOH \
60°C \
c2-C9 24 hrs P1-P9

Methylhydrazine (2 mmol) was added to a stirred solution of required chalcone (1 mmol) in 50 mL
MeOH followed by the addition of CuCl, (1 mmol) and heated at 60°C for 24 hrs. After 24 hrs the
solution was removed under reduced pressure, the residue resuspended in 100 mL of a saturated
EDTA solution and extracted with ethyl acetate (3 x 50 mL). The ethyl acetate layers were combined,
and solvent removed under reduced pressure. The residue was then purified by column
chromatography using petroleum ether: ethyl acetate (80:20) to afford the required pyrazole.



Synthesis of (E)-3-phenyl-1-(pyridin-2-yl)prop-2-en-1-one (C1)

(0] 0 (0]

C1
Yield 3.31g (79%);
Vmax (Solid)/cm 1677, 1316 and 753;

1H NMR §&,, (400 MHz; CDCls) 7.43-7.49 (3 H, m, CH), 7.50-7.52 (1 H, m, CH), 7.74-7.76 (2 H, m, CH),
7.87-7.90 (1 H, m, CH), 7.90 (2 H, d, J = 16 Hz, CH), 8.20-8.22 (1 H, m, CH), 8.22 (1 H, d, J = 16 Hz, CH)
and 8.76-8.77 (1 H, m, CH);

13C NMR 6, (400 MHz; CDCl;) 120.9, 122.9, 127.0, 128.4, 128.9, 130.6, 135.2, 137.0, 144.8, 148.9,
154.2 and 189.5;

HRMS m/z (qToF) Found 210.2576 (M+H*). C;,H1;NO requires 210.2560.

Synthesis of (E)-3-(4-fluorophenyl)-1-(pyridin-2-yl)prop-2-en-1-one (C2)

Yield 0.780g (68%);
Vmax (Solid)/cm™1697, 1597, 1215 and 762;

1H NMR & (400 MHz; CDCl5) 7.11-7.15 (2 H, m, CH), 7.50-7.53 (1 H, m, CH), 7.73-7.76 (2 H, m, CH),
7.88-7.94 (2 H, m, CH), 8.20-8.28 (2 H, m, CH) and 8.75-8.77 (1 H, m, CH);

13C NMR 6, (400 MHz; CDCl;) 115.9, 116.1, 120.6, 123.0, 127.0, 130.1, 131.4, 137.1, 143.4, 148.9,
154.1 and 189.3;

HRMS m/z (qToF) Found 228.2413 (M+H*). C14H,,FNO requires 228.2464.

In agreement with H. M. Faidallah, M. M. Al-Mohammadi, K. A. Alamry and K. A. Khan, J. Enzyme
Inhib. Med. Chem., 2016, 31, 157-163



Synthesis of (E)-3-(4-chlorophenyl)-1-(pyridin-2-yl)prop-2-en-1-one (C3)
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/
/
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Yield 0.84g (69%);
Vmax (Solid)/cm1697, 1580, 1230 and 762;

1H NMR &, (400 MHz; CDCl5) 7.40-7.50 (2 H, m, CH), 7.51-7.54 (1 H, m, CH), 7.67-7.70 (2 H, m, CH),
7.88-7.92 (2 H, m, CH), 8.20-8.22 (1 H, m, CH), 8.28-8.33 (1 H, d, J = 16.4 Hz, CH) and 8.76-8.77 (1 H,
m, CH);

13C NMR 6, (400 MHz; CDCl3) 121.3, 123.0, 127.0, 129.1, 130.0, 133.7, 136.4, 137.1, 143.2, 148.9,
154.1, 189.3;

HRMS m/z (qToF) Found 244.7029 (M+H*). C14H,,CINO requires 244.6980.

In agreement with J. Majeed, M. Shaharyar, J. Enzyme Inhib. Med. Chem. 2011, 26, 819.

Synthesis of (E)-3-(4-bromophenyl)-1-(pyridin-2-yl)prop-2-en-1-one (C4)
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Yield 1.33g (92%);
Vmax (Solid)/cm™ 1695, 1509 and 742;

1H NMR & (400 MHz; CDCl3) 7.50-7.54 (1 H, m, CH), 7.58-7.63 (4 H, m, CH), 7.86-7.92 (2 H, m, CH),
8.20-8.22 (1 H, m, CH), 8.32 (1 H, d, J = 16 Hz, CH) and 8.76-8.77 (1 H, m, CH);

13C NMR &, (400 MHz; CDCl5) 121.5, 123.0, 124.9, 127.0, 130.2, 132.1, 134.1, 137.1, 143.2, 148.9,
154.1 and 189.3;

HRMS m/z (qToF) Found 289.1585 (M+H*). C;4H10BrNO requires 289.1520.

In agreement with Y.J. Ren, Z.C. Wang, X. Zhang, H.Y. Qiu, P.F. Wang, H.B. Gong, A.Q. Jiang, H.L. Zhu,
RSC Adv., 2015, 5, 21445-21454.



Synthesis of (E)-3-(4-iodophenyl)-1-(pyridin-2-yl)prop-2-en-1-one (C5)

(0] o) 0]

Yield 0.96g (57%);
Vmax (Solid)/cm™11672, 1642 and 714;

1H NMR §,, (400 MHz; CDCl;) 7.46-7.51 (2 H, m, CH), 7.53-7.54 (1 H, m, CH), 7.78-7.79 (2 H, m, CH),
7.88-7.90 (2 H, m, CH), 8.20-8.22 (1 H, m, CH), 8.33 (1 H, d, J = 16 Hz, CH), 8.76-8.77 (1 H, m, CH);

13C NMR 6, (400 MHz; CDCl;) 121.5, 123.0, 127.0, 130.0, 134.7, 137.1, 138.1, 143.4, 148.9, 154.0 and
191.4;

HRMS m/z (qToF) Found 336.1466 (M+H*). C14H14INO requires 336.1525.

Synthesis of (E)-3-(4-methoxyphenyl)-1-(pyridin-2-yl)prop-2-en-1-one (C6)
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Yield 0.80g (67%);
Vmax (Solid)/cm™11642, 1511, 1215 and 1027;

1H NMR §,, (400 MHz; CDCl5) 3.95 (3 H, s, CH3), 7.47-7.51 (1 H, m, CH), 7.70-7.72 (2 H, m, CH), 7.87-
7.96 (2 H, m, CH), 8.18-8.22 (2 H, m, CH) and 8.75-8.77 (1 H, m, CH);

13C NMR 6, (400 MHz; CDCl;) 55.4, 114.3, 118.5, 122.9, 126.7, 128.0, 131.0, 132.0, 137.0, 144.7,
148.9, 154.5, 161.8 and 189.4;

HRMS m/z (qToF) Found 240.2812 (M+H*). C;¢H.1.NO, requires 240.2820.



Synthesis of (E)-4-(3-oxo-3-(pyridin-2-yl)prop-1-en-1-yl)benzonitrile (C7)

(@] o) (0]

CN c7 CN

Yield 0.45g (38%);
Vmax (Solid)/cm™ 1642, 1521 and 1203;

1H NMR &, (400 MHz; CDCl3) 7.53-7.56 (1 H, m, CH), 7.72-7.74 (2 H, m, CH), 7.82-7.84 (2 H, m, CH),
7.88-7.93 (2 H, m, CH), 8.21-8.23 (1 H, m, CH), 8.40 (1 H, d, J = 16 Hz, CH) and 8.77-8.78 (1 H, m, CH);

13C NMR 6, (400 MHz; CDCl3) 113.4, 118.5, 123.1, 124.1, 127.3, 129.0, 132.6, 117.3, 139.5, 141.9,
149.0, 153.7 and 189.0;

HRMS m/z (qToF) Found 235.2704 (M+H*). C;5H1oN,O requires 235.2660.

Synthesis of (E)-3-(4-nitrophenyl)-1-(pyridin-2-yl)prop-2-en-1-one (C8)

0] (0] Q
| N + H A 7
_N NO, =N ca NO,
Yield 0.87g (69%);

Vmax (Solid)/cm™ 1596, 1511, 1217 and 748;

1H NMR §&,, (400 MHz; CDCl) 7.54-7.52 (1 H, m, CH), 7.88-7.97 (4 H, m, CH), 8.22-8.24 (1 H, m, CH),
8.29-8.31 (2 H, m, CH), 8.45 (1 H, d, J = 16.4 Hz, CH), 8.77-8.79 (1 H, m, CH);

13C NMR 6, (400 MHz; CDCl5) 123.1, 124.1, 124.9, 127.4, 129.3, 137.2, 141,2, 141.3, 148.6, 149.0,
153.6, 188.6;

HRMS m/z (qToF) Found 255.2456 (M+H*). C;4H10N,0; requires 255.2530.



Synthesis of (E)-1-(pyridin-2-yl)-3-(3,4,5-trimethoxyphenyl)prop-2-en-1-one (C9)
0] 0 (0]
OMe = OMe

OMe
OMe co

Yield 0.52g (38%);
Vmax (Solid)/cm1581, 1448, 1026 and 791;

1H NMR §,, (400 MHz; CDCl5) 3.96 (3 H, s, CHs), 4.00 (3 H, s, CHs), 6.91-6.94 (2 H, m, CH), 7.28-7.34 (2
H, m, CH), 7.50-7.53 (1 H, m, CH), 7.88-7.96 (2 H, m, CH), 8.15-8.23 (2 H, m, CH), 8.77-8.78 (1 H, m,
CH);

13C NMR 6, (400 MHz; CDCls3) 56.0, 56.1, 110.2, 111.0, 118.6, 123.0, 124.0, 126.8, 128.2, 137.1, 145.1,
148.8, 149.2, 151.6, 154.5 and 189.3;

HRMS m/z (qToF) Found 270.3051 (M+H*). C;¢H.1.NO, requires 270.3080.

Synthesis of 2-(1-methyl-5-phenyl-1H-pyrazol-3-yl)pyridine (P1)

0
4

Yield 0.137g (57%);
Vmax (Film)/cm11691, 1671, 1581, 1326 and 743;

1H NMR 6, (400 MHz; CDCl5) 4.29 (3 H, s, CHs), 6.90 (1 H, s, CH), 7.27-7.28 (1 H, m, CH), 7.30-7.32 (1
H, m, CH), 7.33-7.42 (2 H, m, CH), 7.44-7.45 (1 H, m, CH), 7.65-7.67 (1 H, m, CH), 7.77-7.88 (2 H, m,
CH) and 8.71-8.73 (1 H, m, CH);

13C NMR 6, (400 MHz; CDCl5) 39.5, 103.5, 122.5, 128.9, 125.6, 127.6, 128.6, 133.3, 136.8, 142.7,
149.3, 149.9, 150.0;

HRMS m/z (qToF) Found 236.2958 (M+H*). C;5H,5N5 requires 236.2980.



Synthesis of 2-(5-(4-fluorophenyl)-1-methyl-1H-pyrazol-3-yl)pyridine (P2)

(0] z \ F
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Me
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Yield 0.194g (77%);
Vmax (Film)/cm 1630, 1480, 1282 and 1042;

1H NMR & (400 MHz; CDCl5) 4.29 (3 H, s, CHs), 6.84 (1 H, s, CH), 7.08-7.14 (2 H, m, CH), 7.26-7.29 (1
H, m, CH), 7.43-7.47 (1 H, m, CH), 7.64-7.66 (1 H, m, CH), 7.80-7.84 (3 H, m, CH) and 8.71-8.73 (1 H,
m, CH);

13C NMR 6, (400 MHz; CDCl5) 39.4, 103.0, 115.4, 115.6, 122.5, 122.8, 127.1, 127.2, 129.0, 130.0,
136.8, 142.9, 149.3, 149.8, 161.3 and 163.8;

HRMS m/z (qToF) Found 254.2954 (M+H*). CysH,FN; requires 254.2884.

Synthesis of 2-(5-(4-chlorophenyl)-1-methyl-1H-pyrazol-3-yl)pyridine (P3)
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Yield 0.149g (61%);
Vmax (Film)/cm11629, 1479, 1282 and 1010;

1H NMR 6, (400 MHz; CDCl5) 4.28 (3 H, s, CHs), 6.87 (1 H, s, CH), 7.28-7.31 (1 H, m, CH), 7.31-7.41 (2
H, m, CH), 7.64-7.66 (1 H, m, CH), 7.78-7.81 (3 H, m, CH) and 8.71-8.73 (1 H, m, CH);

13C NMR 6, (400 MHz; CDCl3) 39.5, 103.5, 120.5, 122.6, 122.8, 126.8, 128.8, 131.8, 133.3, 136.8,
143.0, 149.0 and 149.7;

HRMS m/z (qToF) Found 270.7455 (M+H*). C;5H,,CIN; requires 270.7400.



Synthesis of 2-(5-(4-bromophenyl)-1-methyl-1H-pyrazol-3-yl)pyridine (P4)
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Yield 0.125g (40%);
Vmax (Film)/cm11630, 1536, 1282 and 1020;

1H NMR &, (400 MHz; CDCl5) 4.27 (3 H, s, CH3), 6.87 (1 H, s, CH), 7.25-7.31 (2 H, m, CH), 7.49-7.51 (1
H, m, CH), 7.54-7.56 (2 H, m, CH), 7.62-7.63 (1 H, m, CH), 7.64-7.77 (2 H, m, CH), 7.79-7.81 (1 H, m,
CH) and 8.71-8.72 (1 H, m, CH);

13C NMR 6. (400 MHz; CDCl5) 39.5, 103.5, 121.5, 122.6, 122.9, 127.1, 128.6, 131.6, 131.2, 132.3,
136.8, 142.9 and 149.3;

HRMS m/z (qToF) Found 315.2010 (M+H*). C;5H1,BrN; requires 315.1940.
Synthesis of 2-(5-(4-iodophenyl)-1-methyl-1H-pyrazol-3-yl)pyridine (P5)
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Yield 0.117g (32%);
Vmax (Film)/cm1 1628, 1576, 1282 and 1007;

1H NMR 6, (400 MHz; CDCl) 4.28 (3 H, s, CHs), 6.87 (1 H, s, CH), 7.60-7.65 (3 H, m, CH), 7.72-7.80 (4
H, m, CH) and 8.71-8.73 (1 H, m, CH);

13C NMR 6, (400 MHz; CDCl5) 39.5, 103.5, 122.6, 122.9, 127.2, 129.4, 130.3, 132.9, 136.8, 137.6,
137.7,137.8, 142.9 and 149.3;

HRMS m/z (qToF) Found 362.1996 (M+H*). C;5H1,IN; requires 362.1945.



Synthesis of 4-(1-methyl-3-(pyridin-2-yl)-1H-pyrazol-5-yl)benzonitrile (P6)
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Yield 0.148g (57%);
Vmax (Film)/cm™1 1630, 1479, 1226 and 1001;

1H NMR 64, (400 MHz; CDCl5) 4.30 (3 H, s, CH3), 6.94 (1 H, s, CH), 7.30-7.33 (1 H, m, CH), 7.64-7.67 (1
H, m, CH), 7.69-7.72 (2 H, m, CH), 7.80-7.83 (1 H, m, CH), 7.94-7.97 (2 H, m, CH) and 8.71-8.73 (1 H,
m, CH);

13C NMR 6, (400 MHz; CDCl3) 39.8, 104.1, 110.8, 119.1, 122.8, 122.9, 125.8, 128.1, 129.2, 132.6,
136.9, 137.7, 143.3 and 148.0;

HRMS m/z (qToF) Found 261.3015 (M+H*). C;¢H1;N, requires 261.3080.

Synthesis of 2-(1-methyl-5-(4-nitrophenyl)-1H-pyrazol-3-yl)pyridine (P7)
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Yield 0.131g (47%);
Vmax (Film)/cm™11625, 1432, 1223 and 1012;

1H NMR & (400 MHz; CDCl3) 3.98 (3 H, s, CHs), 6.53-6.57 (1 H, m, CH), 6.63-6.67 (1 H, m, CH), 6.73 (1
H, s, CH), 7.42-7.50 (1 H, m, CH), 7.70-7.73 (2 H, m, CH) and 8.28-8.33 3 H, m, CH);

13C NMR 6. (400 MHz; CDCl;) 58.9, 101.5, 112.7, 113.0, 116.0, 117.6, 118.7, 121.1, 123.4, 124.7,
126.3, 138.7 and 140.3

HRMS m/z (qToF) Found 281.2916 (M+H*). C;5H;,N,0, requires 281.2950.



Synthesis of 2-(5-(4-methoxyphenyl)-1-methyl-1H-pyrazol-3-yl)pyridine (P8)

(0] g \ OMe
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\
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Yield 0.128g (48%);
Vmax (Film)/cm™ 1628, 1536, 1226 and 1053;

1H NMR 6, (400 MHz; CDCl5) 3.87 (3 H, s, CH3), 4.27 (3 H, s, CH3), 6.82 (1 H, s, CH), 6.96-6.98 (2 H, m,
CH2), 7.27-7.29 (1 H, m, CH), 7.64-7.77 (L H, m, CH), 7.77-7.81 (3 H, m, CH) and 8.71-8.72 (1 H, m,
CH);

13C NMR &, (400 MHz; CDCl5) 39.3, 55.3, 103.0, 114.0, 119.2, 122.4, 122.9, 125.5, 126.2, 126.7, 136.7,
149.3, 150.0 and 159.3;

HRMS m/z (qToF) Found 266.3191 (M+H*). C;¢H14NO, requires 266.3240.

Synthesis of 2-(5-(3,4-dimethoxyphenyl)-1-methyl-1H-pyrazol-3-yl)pyridine (P9)
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Yield 0.119g (38%);

Vmax (Film)/cm11630, 1536, 1282 and 1001;

1H NMR &, (400 MHz; CDCl5) 3.94, (3 H, s, CH3), 4.01 (3 H, s, CH3), 4.28 (3 H, s, CH3), 6.84 (L H, s,
CH), 6.93-6.45 (1 H, m, CH), 7.27-7.30 (2 H, m, CH), 7.36-7.38 (1 H, m, CH), 7.46-7.46 (1 H, m, CH),
7.65-7.67 (1 H, m, CH), 7.77-7.82 (1 H, m, CH) and 8.71-8.73 (1 H, m, CH);

13C NMR 6. (400 MHz; CDCl;) 39.4, 39.5, 103.2, 108.7, 111.2, 111.4, 118.1, 121.7, 122.4, 126.4, 126.8,
128.5,129.2, 136.7, 148.8, 149.2 and 168.3;

HRMS m/z (qToF) Found 296.3423 (M+H*). C;7H,7,N30, requires 296.3500.



NMR Spectra

Synthesis of (E)-3-phenyl-1-(pyridin-2-yl)prop-2-en-1-one (C1)
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Synthesis of (E)-3-(4-fluorophenyl)-1-(pyridin-2-yl)prop-2-en-1-one (C2)

4-F Chalcone
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Synthesis of (E)-3-(4-chlorophenyl)-1-(pyridin-2-yl)prop-2-en-1-one (C3)

4-Cl Chal

cone

— @

i © N OO m
ol oo @
@ M~~~

Ty N

13
|

J

= M@0
=M m
[CRCRT A

RSP

(RN MR
d400NO
WD W0 WD

e~

Bpros-z

Time
INSTRUM
PROBHD

PULPROG

(R P 1«
T T T T T T
8.8 8.6 8.4 8.2 8.0 T:8 7.6 74
/) / .
(=] Yy o i~ D o (]
= =l IS = i A T -~ Processing pazazecers
- I o o = e 400.1300000 MHz
Lo
0 3%
1.00
N e ‘
T T T T T T T T T 1
10 9 8 7 6 5 4 3 2 ppm

4-cl1
C13CPD512.

Chalcone Carbon

CMDnp CDC1l3 {C

:\Bruker\TopSpin3.6.5} nmrsu 92

| INNAW/ 7 N4
T2 - Rcquisition Parameters
Dats_
Time n
INSTRUM
PROBED  Z104450_0135
EULPROG
TD
SOLVENT
10.
51.51900101
400.131€005
1
waltzlé
T T T T T T T T
200 180 160 140 120 100 80 60 40 20 ppm



Synthesis of (E)-3-(4-bromophenyl)-1-(pyridin-2-yl)prop-2-en-1-one (C4)

4-Br Chalcone
3
5 a6 o0 00 @ o - -
e | f iy
Rﬁ\if:;§§§§§§§§§§gg ‘ IE';?::%;!E{?%F‘
Current Data Parameters
- N O NN O @ oo o Mmoo M —Own o O OO~ = s} NRME Rpr09-2024-Alex
~~r-~Wwooun = O NO NOODMWNAdOODOM~OMM NN o EXPNO 50
 oadl pkt podl e aad i e ™Mo NN SOV 00 @ WL WD W WD W N W uwy PROCNO
[so R = olc R o o] @ @ @ m Lol el sl sl ool sl il ol ol el s ~
I LT, F2 - Roquisition Parameters
N% | \/‘ \'\.\ \N Date_ 20240408
L : Time 15.40 h
INSTRUM av4o0
PROBHD 2104450 0135 {
PULPROG ~ zg30
TD €5536
SOLVENT €DC13
16
2
- 6410.256
0.185625 H
5.1118078 sec
208.4
78.000 usec
{ l ﬂ 6.50 usec
W vl 298.2 K
e A 1.00000000 sec
1
I T T T T T T T 1324008 MHz
8.8 B.6 8.4 8 8.0 2B A6 [ 15
5.00 usec
15.00 usec
11.208%9963 W
(=] fee] k= | iaal =l O
g S 5‘ g g r‘{’ F2 - Processing parameters
5 : .| | sI 32768
— ~| | ca | = 400.1300000 MHz
EM
0
0.30 Hz
0
1.00
; LJ.J V'IA L w
T T T T T T T T T T 1
11 10 6 5 4 3 1 ppm

05

§ Hskas

9th April 4-Br Chalcone Carbon
C1l3CPD1024.CMDnp CDCL3 {C:\Bruker\TopSpin3.6.5
& E &

<)
BRUKER
i

T T T T T
190 180 160 150 140 130 120

T
110



Synthesis of (E)-3-(4-iodophenyl)-1-(pyridin-2-yl)prop-2-en-1-one (C5)

4-I Chalcone

o)
BRUKER
L)

Curreat Data

TNOEMO e\ ;i | oOoMmMdeemoeadhasrrormMmorren Yo = 1]
[ - T e NN NoDOoO NI TMOINOCOC RO
[l ol ol ol o S o B B B B B I B - - - - R T e ol ol e T BT T o BT Ty BT B R A ] 1
0 O 0O 0O 0O 0O 0O OO 0000 E0EOCOCOCO [~ [~~~
T T T T T T T T T
8.8 8.6 8.4 8.2 8.0 7.8 7.6 Tl 2]
— o o L~ o = [ w7
=t o | o | e~
o0 (=] L= o [=] M =
[=] - [=] ™~ ™~ ]| ]
| | IMJJAJ- . U TR
T T T T T T T T T T

j
013 =
o
084 —
100

095 =
210 C
205 -
138 =
243/

4-I Cchalcone

A W

200 180 160 140 120 100 80 60 40 20 ppm



Synthesis of (E)-3-(4-methoxyphenyl)-1-(pyridin-2-yl)prop-2-en-1-one (C6)

4-0OMe Chalccne (_'><7
CEEEAEn SRR EE 0N eRRRRITII5S BRUKER
B B R A L)Q
Current Data Parameters
O NOoOnNo© AU AADTFALF AN AODNDO NN A~ NAME Aprll-2024-Alex
W0 W W0 DN N s HA N~ NOOOD~VOTNO 0NN O ® EXPNO 10
[l el el el ne e NN AN 00E®@OWOE@ME™WW S TS PROCNG 1
MMM mE®D [l R o L [l e e e e i il el ol
F2 - Acquisition Parameters
NP SIS\ N
Time 9.18 h
INSTRUM av40o
PROBHD 2104450_0135 (
PULPROG zg30
™ 65536
SOLVENT CDC13
NS 16
Ds 2
SWH 6410.256 Hz
FIDRES 0.195625 Hz
RQ 5.1118078 sec
RG 209.43
ow 78.000 usec
DE 6.50 usec
TE 298.2 K
Dl 1.00000000 sec
00
f T T T T T T T T T 1 sro1 400.1324008 MHz
8.8 8.6 8.4 8.2 8.0 7.8 7.6 7.4 7.2  ppm wwel
PO 5.00 usec
Pl 15.00 usec
PLW1 11.20899963 W
f=1 f=1 ™ t?
b= o @ T ) F2 - Processing parameters
< < “ g - sT 32768
—i| o [N i SF 400.1300000 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB o
BC 1.00
| | Wi
T T T T T T T T T T T T T T 1
13 12 1 10 9 8 7 6 5 4 3 2 1 0 ppm
S [RER sﬂ?fs glg
o NN~ ol
4-0ME Chalcone= CAEREBON
C13CPD512.CMDNp CDC13 {C:\Bruker\TopSpin3.6.5} nmrsu 89 m
Current Data Farameters
NAME Aprll-2024-Alex
EXFNO zZ0
ERCCHO 1
F2 - Acquisition Parameters
Date_ 20240411
InSTRUM
FROERD
FULFROG
TD
SoLVENT
NE
DS
sun
F1DRES
AQ
ro
o
DE
TE
Dl
D11
oD
SFOl
NUCl
ED
Fl
FLW1
SFD2
NUCZ
CPDFRG[Z
FCFD2
FLWZ
FLW12
FLW13
F2 - Processing par
s1
sx :
WDH
S5B
Le
GE
BC
T T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 ppm



Synthesis of (E)-4-(3-oxo-3-(pyridin-2-yl)prop-1-en-1-yl)benzonitrile (C7)

Chalcone CN

<)
BRUKER
(>

Current Data Parameters

w TONTOTANIINDNMO NAME Apr30-2024-Alex
~ \o NNMMAOON T TTMOM EXPNO 10
o~ ool o e e T T T e T I I To I T o T ) PROCNO 1
@ @ @ @® o [ o e T el ol o e e e o S el ol
F2 - Acquisition Parameters
\ T SN N
Time 15.03 h
INSTRUM av400
PROBHD  2104450_0135 (
PULPROG 2930
65536
SOLVENT €DC13
NS 16
DS 2
SWH 6410.256 Hz
FIDRES Hz
AQ sec
RG
DW usec
DE usec
TE 298.2 K
D1 1.00000000 sec
TD0 1
f T T T T T T T 1 srol 400.1324008 MHz
8.8 8.6 8.4 8.2 8.0 7.8 7.6 7.4 2 Ppm  NUCl 1H
PO 5.00 usec
Pl 15.00 usec
PLW1 11.20899963 W
o —~ uw ol [ < N
= = i @ |2 N @ F2 - Processing parameters
o (=] )] i — (=] — T -
B . . B . . SI 32768
— — o el leal leu i SF 400.1300000 MHz
WoW EM
558 0
LB 0.30 Hz
GB 0
PC 1.00
L a U
T T T T T T T T 1
11 10 9 8 7 6 5 4 3 2 1 ppm
éﬁq§h§éﬁqé
=|r=lolanjN|N| -
4-CN Chalcons CARBOM m
Curreat Data Paramets
NAME Aprio-2024-alex
EXFNO kY
FROCHO 1
F2 - Acguisition Parameters
Date_ [
me
INSTRUM
FROEHD
PULPROG
™
SOLVENT
ns
DS
SHH
FIDRES
AQ
RG
DH use!
DE 1 use
TE 298.2 K
o1 2.00000000 sec
o1l 0£.03000000 sec
DO 1
SFC1
NuCl
PD i
P1 i
FLul
BFO2Z
NUCZ
CrDPRGI2Z
PCPD2 i
PLWZ
FLH1Z
FLWlZ
F2 - Processing
51
BF 100
WDH
55B [+
LE 1.00 Bz
GE 0
FC 1.40
T T T T T T T T
200 180 160 140 100 B0 60 40 20 ppm



Synthesis of (E)-3-(4-nitrophenyl)-1-(pyridin-2-yl)prop-2-en-1-one (C8)

Chalcone NO2

NN OO R TAOR0
N L L LT

<)
BRUKER
(L ><)

Current Data Parameters

H OO m VT HOEAN CMHDOVO® NNOMS ®© NAME Apr30-2024-Alex
oY @ 0~~~ CMCOoOM®MN A OMANNOMS ~W00MnWWw s, EXPNO 20
e e N L TITMOONNNNN AN N® 10NN WD W W PROCNO 1
o 0O 00 00 00 00 00 00 0 00 00 00 00 00 00 00 O Lo el el e e Lol e e S S e
F2 - Acquisition Parameters
N% \\ \\\\/ // W// W Date_ 20240430
Time 15.09 h
INSTRUM av400
PROBHD  7104450_0135 (
PULPROG zg30
™ 65536
SOLVENT CDC13
NS 16
DS 2
SWH 6410.256 Hz
FIDRES 0.195625 Hz
AQ 5.1118078 sec
RG 209.43
DW 78,000 usec
DE 6.50 usec
TE 298.2 X
D1 1.00000000 sec
DO 1
f T T T T T T T T T 1 sro1 400.1324008 MHz
8.8 8.6 8.4 8.2 8.0 7.8 7.6 7.4 7.2 ppm  Nucl 1H
PO 5.00 usec
Pl 15.00 usec
PLW1 11.20899963 W
o b of |l [T} ©
= i =3 \0 F2 - Processing parameters
< < N < ™ ST 32768
— — — | =+ — SF 400.1300000 MHz
WowW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
L A
T T T T T T T T T T T 1
1 10 9 8 7 6 5 4 3 2 1 ppm
T e
=l=l=l=l sl
4-N0Z Chalcone CARRBON
Current Data Farameters
NAME Apri0-2024-alex
EXFNO
FROCNO 1
F2 - Acguisiticn Parameters
Date_ 20240430
Time 16.30 h
INSTRUM avioo
FROERD  £104450_01
FULFROG z
Ry
SOLVENT
Ds
SWH
FIDRES
AQ
RG
ow 0 u
DE 0 u
TE 298.2 K
Dl 2.00000000 sec
D11 0.03000000 sec
p:ls) 1
sFO1 100. 6233325 MHz
Nucl c
FO 3 use
1 10.00 use
FLHl 51.51500101 W
sFoz 400.1316005 Mz
NUC2 141
CFDERG[2 waltzlf
PCPD2
FLW12
PLW13
85I
EF
WoW
S5B
LE
GE
FC
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 ppm



Synthesis of (E)-1-(pyridin-2-yl)-3-(3,4,5-trimethoxyphenyl)prop-2-en-1-one (C9)

3,4 OMe Chalcone

PR RREET O MO AAA RN L NN NSO D @M My
R e S R RN R R e e R R ]

o o5 (5 60 o5 G5 5 65 o D 8 D G 08 G M I I M M R R

~ e

AR NOONOOWLIENOEY AWNNWDLW AHON0 O MM 0 M0 NAME
LOLYMN NN —TOOONNAN—ETOODONN—T—A—AONAMM = =S N DM EXPNO
CEENNNNNN AT NN RONONNLODSTTMMOMMMNNDD PROCNO

0 oo oo o o on o8 oo oo oo [l ol ol o P 00

TSN N

=

Hogw
B RRAR S o

-

e

e

W)
BRUKER
(O

Current Data Parameters

20
1

May08-2024-Rlex

Fz2 - quui.lt,.on Eazirretex(‘
0508

Date
Time 10.39 h
INSTRUM av400
PROBHD  2104450_0135 (
PULPROG zg30
™ 65536
SOLVENT CDC13
NS 16
DS 2
SWH 6410.256 Hz
FIDRES 0.195625 Hz
AQ 5.1118078 sec
RG 209.43
DW 78.000 usec
DE 6.50 usec
TE 298.2 K
Dl 1.00000000 sec
TDO 1
I T T T T T T T T T T T T SFO1 400.1324008 MHz
8.8 8.6 8.4 8.2 8.0 7.8 1.6 7.4 7.2 7.0 6.8 ppm  NUC1 1H
PO 5.00 usec
Pl 15.00 usec
PLW1 11.20899963 W
= [y ™ o b F2 - Processing parameters
< “T < < “ < s1 32768
— — ™~ — —i| — SF 400.1300000 MHz
WDW EM
S5B 0
LB 0.30 Hz
GB 0
BC 1.00
| l J
T T T T T T T T T T T 1
1 10 9 8 7 6 5 4 3 2 1 ppm
8 (58588 35
- o] [=|=] = oo
3,4 oMe Chalcones CAREON m
Current Data Farameters
NAME MayDEB-2024-Alex
EXFNO 30
FROCND 1
FZ - acguisiticn Parameters
Date_ 20240608
Time
INSTRUM
FROEHD E104450_]
FULFROG
D
SECLVENT
Ns
DS
2.00000000 =
0.03000000
1
NUC2
CEDERG[Z
FCFD2
FLWZ
PLW13
F2 - Froc
81
WoW
EEE
o
1.40
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 ppm



Synthesis of 2-(1-methyl-5-phenyl-1H-pyrazol-3-yl)pyridine (P1)

4-H Pyrazole

o)
BRUKER
(>

Current Data Parameters

N AOAN AXONONANTNOE NSO DLW DO NDNO~ 0 A ® NAME Rprlz-2024-Alex
AN NS, ONEIOEONNN AN MO O ®D o 0 EXENO 50
0 0= [~ 00 00 00 00 00 [~ [~ [~ [~ O 0 0 (0 W0 WO < = = = §F M M M MM OO OO N e PROCNO 1
@ L e e e el e e e ol o o O el [t ol ol ol ol oo o ol o ol ol
w W W F2 - Acquisition Parameters
% Date 20240412
e Time 15.37 h
INSTRUM av400
PROBED  7104450_0135 (
PULPROG zg30
™ 65536
SCLVENT cDC13
us 16
DS 2
SWH 6410.256 Hz
FIDRES 0.195625 Hz
AQ 5.1118078 sec
RG 209.43
DH 78.000 usec
DE 6.50 usec
TE 298.2 K
D1 1.00000000 sec
D0 1
f T T T T T T T T T 1 srol 400.1324008 MHz
8.8 8.6 8.4 8.2 g.0 7.8 7.6 7.4 7.2 RUC1 H
PO 5.00 usec
Pl 15.00 usec
PLW1 11.20899963 W
o w0 | - I
g Q :“ g Uo‘ g Lg 13 - Processing p;—lLdljleLer_:i
- il e | el el F 400.1300000 MHz
EM
0
0.30 Hz
0
1.00
. T /S S
T T T T T T T T T T T 1
11 10 9 8 7 6 5 4 3 2 1 ppm
8| 185818828 8
] B P P PN P P o
4-H Pyrazole m
V L%R
Current Data Farameters
NAME Aprlz-2024-alex
EXFNO 410
FROCHNO &
FZ - acguisiticn Farameters
pate_ 20240412
Time
INSTRUM
FROEHD
PULPROG
™
SOLVENT
21. 600 usec
6.50 usec
NUCl 1
ED 3.33 usec
1 10.00 mnsec
FLH1 51.51500101 W
sFC2 400.1316005 MHz
nucz 18
CFDFRG[2Z waltzlé
ECED2
PLMZ
FLW12
PLW13
1.40
[ T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 ppm



Synthesis of 2-(5-(4-fluorophenyl)-1-methyl-1H-pyrazol-3-yl)pyridine (P2)

4-F Pyrazole CARBON

EEEEEEEE MR EREEE LR AR $ &
B R R A N ] <
Current Data Parameters
W O M O = MOONEEEONNNOTON ™ O @0 NAME Aprl6-2024-Alex
NNNA—AH4CC TN AONAHNENMOWNST™M o] T — EXPNO 40
mmmnhTn CE@E@Em NSNSy o Ageg PROCNO 1
0000000 MO Ol il ol ~ oo
F2 - Acquisition Parameters
N% &' / J// \\// | \\ // Date, 20240416
Time 12.20 h
INSTRU av400
PROBHD  2104450_0135 (
PULPROX zg30
™ 65536
SOLVENT cDe13
NS 16
Ds 2
SWH 6410.256 Hz
FIDRES 0.195625 Hz
2te) 5.1118078 sec
RG 209.43
DWW 78.000 usec
DE 6.50 usec
TE 298.2 K
D1 1.00000000 sec
DO
f T T T T T T T T T 1 srol 400.1324008 MHz
g.8 8.6 8.4 8.2 8.0 7.8 7.6 7.4 7.2 ppm  NUCL 1H
PO 5.00 usec
Pl 15.00 usec
PLW1 11.20899963 W
g Y = = (I~ R
— - F2 - Processing parameters
©| = - © = @ ST 32768
— o) — (=] — o~ SF 400.1300000 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
BC 1.00
T T T T T T T T T T T 1
1 10 9 8 7 6 5 ) 3 2 1  ppm
- =S| |N|r— o~
4-F Pyrazole CABRON
C13CPD512.CMDnp CDCLl3 {C:\Bruker\TopSpin3.6.5} nmrsu 88 (“)(7
0o 4o ® - $ewdnza oo o
ag #8 £ R $3%44938 8¢ H -
55 3% s fsrdnecyas 2 : BE%R
25 53005 4 88894988 45 S 2
Current Data Parameters
NAME Aprl6-2024-Alex
EXPNO 50
PROCNO 1
F2 - Acquisition Parameters
Date_ 20240416
Time 13.11 h
INSTRUM awd00
PROBHD 2104450_0135 |
PULPROG zgpg30
™ 65536
SOLVENT C€DC13
NS 512
DS 4
SuH 23148.148 Hz
FIDRES 0.706425 Hz
RO 1.4155777 sec
RG 209.43
bW 21.600 usec
DE 6.50 usec
TE 298.2 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
SFO1 100.6233329 MHz
NUC1 13c
PO 3.33 usec
Pl 10.00 usec
PLW1 51.51900101 W
SFO2 400.1316005 MHz
NoCc2 H
CPDPRG (2 waltzls
PCPD2 90.00 usec
PLW2 11.20899963 W
PLW12 0.31136999 W
PLW13 0.15662000 W
F2 - Processing parameters
sI 32768
‘ SF 100.6127685 MHz
WDOW
SSB 0
LB 1.00 Hz
R I N ) . " ol cB 0
b v " P 1.40
T T T T T T T T T T T T T
160 150 140 130 120 110 100 90 80 70 60 50 40 ppm



Synthesis of 2-(5-(4-chlorophenyl)-1-methyl-1H-pyrazol-3-yl)pyridine (P3)

16th April 4-Cl Pyrazole Column
PROTON16.CMDnp CDC13

TNO T N O~
NN A O
= [~ 0~ 0~ 0~~~ ~
oo oo

{C:\Bruker\TopSpin3.6.5}

nmrsu

@

]

[N}
w ™M
[

\

7.410
7.388
7.310
7.291

88
7.283
7.279

7.

8.8 8.6

o

-~

3.068

S

-

-

hu W

1 10

4-Cl Pyrazols CARBON

Current Data Parameters

NAME Aprl6-2024-Alex

EXPNQ 80
PROCNO 1

F2 - Acquisition Parameters

Date_ 20240416
Time 14.49
INSTRUM av400
PROBHD 2104450_0135 (
PULPROG zg30
TD 65536
SOLVENT CDC13

298.2
1.00000000
1

400.1324008
1H

5.00

15.00
11.20899963

SI 32768
SF 400.1300000
EM
0
0.30
0
1.00
Current Data Farameters
HAME ADr16-2024-Alex
EXEND 50
FROCHD 1
F2 - Acquisition FParameters
pate_
Time
INETRUM

51.51500101
40D.1316005 MHz

h

MHz

usec
usec
W

F2 - Processing parameters

MHz

Hz



Synthesis of 2-(5-(4-bromophenyl)-1-methyl-1H-pyrazol-3-yl)pyridine (P4)

4-Br Column

<)
BRUKER
(>

NN AMHNA OO O TN N AN YT AN ACONAA @ ® ™~ =0~ =
TonnonanannnnneYRRReagn T annaaaaanaas o
B e N i A e M T M A AP A
Current Data Parameters
A~ AN~ OMOTANTNMNMOOMO O A0~ OWYWMALWME < ™ W NAME Rpr23-2024-Alex
NAA 100 AN TEAWLMLITMOMNYTONOONND®E® M O EXPNO 30
=~~~ @O~~~ ~O0OVOWONWIO T MM NSNS ® PROCHO 1
OG0 0 00 G0 GO f= [~ [~ [~ [~ [~ [~ [~ [~ 0~ [~ [~ [~ [~ [~ [~ [~ f~ [~ [~ 0~ [~ [~ [~ [~ [~ [~ [~ [~ \©
F2 - Acquisition Parameters
Time 14.58 h
INSTRU av400
PROBHD 2104450_0135 (
PULPROG 2930
TD 65536
SOLVENT CDC13
NS 16
Ds 2
SWH 6410.256 Hz
FIDRES 0.195625 Hz
AQ 5.1118078 sec
RG 209.43
DU 78.000 usec
DE 6.50 usec
TE 298.2 K
D1 1.00000000 sec
TDO 1
f T T T T T T T T T T T T T T 1 srol 400.1324008 MHz
g.8 8.6 8.4 8.2 8.0 7.8 7.6 7.4 7.2 .0 6.8 6.6 6.4 ppm  NUCl 1H
PO 5.00 usec
Pl 15.00 usec
PLW1 11.20899963 W
o ]| el e S o )
o o= = @ = F2 - Processing parameters
g R R 3 51 32753
— Aleall =leal o o — SF 400.1300000 MHz
WOW EM
S55B 0
LB 0.30 Hz
GB []
PC 1.00
T T T T T T T T T T T 1
11 10 9 8 7 6 5 4 3 2 1  ppm
=l Ielal=lalS]ail= ©
4-Br Pyrazols CARBON
C13CPD512.CMDnp CDC13 {C:\Bruker\TopSpin3.6.5} nmrsu 94
a
- BESZE)R
Current Data Farameters
NAME pr23-2024-alex
EXFNO a0
FROCND 1
F2 - Acquisition Parameters
Date_ 20240423
15.41 h
INSTRUM av4DD
FROEHD  Z104450_0135 ¢
FULFROG
™
SOLVENT
DS
sWH
FIDRES
RO
RG
oW u
DE u
TS 5.2 K
D1 2.00DDDDDD =ec
pl11 0.03000000 sec
D0 1
sFol 100.6233325 mMaz
nucl 13c
FD 3.33 nse:
Fl 10.00 uses
PLWl 51,51500101 W
5F02 400.1316005 Mz
nuc2 18
CEDFRG 2 waltzl§
FCPDZ 90.00 use:
PLW2 11.20855563 W
PLW1Z2 0.311365%% W
FLW13 0.15662000 W
F2 - Frocessing pa
51
5F 100, 6127
WoH
S5B
UL | i
= o
FC 1.40
T T T T T T T T T T I
200 180 160 140 120 100 80 60 40 20 ppm




Synthesis of 2-(5-(4-iodophenyl)-1-methyl-1H-pyrazol-3-yl)pyridine (P5)

4-I Pyrazole

N NN A A O
S ]
@ w oo 0w w

7.62
7.61
6.87

—4.28

BRUKER
(>

Current Data Parameters

100.00

W Y 0 FMAVOEMOM@OM o~ M NAME Apr19-2024-Alex
RS Rl R WO A0NwmMAdC O ~ EXPNO 20
M~~~ [l S o S S Vo JTS JC BN RN R Y ==t BROCNO 1
@ 00 0O 00 W O L e e e i el e e e L
F2 - Acquisition Parameters
W N&/W | Date_ 20240419
Time 16.35 h
INSTRUM av400
PROBHD 2104450_0135 |
PULPROG 2930
D 55536
SOLVENT CDC13
ws 16
D5 2
SWH 6410.256 Hz
FIDRES 0.195625 Hz
AQ 5.1118078 sec
RG 209.43
DwW 78.000 usec
DE 6.50 usec
TE 298.2 K
- M D1 1.00000000 sec
TDO 1
f T T T T SFO1 400.1324008 MHz
9.5 9.0 8.0 7.0 ppm  wUCl 13
PO 5.00 usec
Pl 15.00 usec
PLW1 11.20899963 W
g 2l s =
= F2 - Processing parameters
S Ll B — ST 32768
o <v| || — SF 400.1300000 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
BC 1.00
) b I
r T T T T T T T T T 1
13 12 11 10 9 6 3 2 ppm
g =
I -
19th April 4-I Pyrazole
C13CPD10K.CMDnp CDC13 {C:\Bruker in3.6.5} nmrsu 91
AR8R82% S -
FasRessends ¢ g BRUKER
2ERGRA 3 @
350505 S 2
Current Data Parameters
NAME Apr19-2024-Alex
EXPNO 30
PROCNO 1
F2 - Acquisition Parameters
Date_ 2024042
Time 2.25 h
INSTRUM avd00
PROBHD 2104450_0135 {
PULPROG zapg30
TD 65536
SCLVENT CDC13
NS 10000
DS 4
SWH 23148.148 Hz
FIDRES 0.706425 Hz
AQ 1.4155777 sec
RG 209.43
DW 21.600 usec
DE 6.50 usec
TE 2%8.2 K
D1 2.00000000 sec
D11 0.03000000 sec
DO 1
SFO1 100.6233329 MHz
NUC1 13c
PO 3.33 usec
Pl 10.00 usec
PLW1 51.51900101 W
SF02 400.1316005 MHz
NuC2 -4
CPDPRG[2 waltzlé
PCPD2 90.00 usec
PLW2 11.20899963 W
PIW12 0.31136999 W
PIW13 0.15662000 W
F2 - Processing parameters
SI 32768
SF 100.6127685 MHz
wDW EM
SSB 0
‘ LB 1.00 Hz
i ‘ L A 1= =
T T T T T T T
200 180 160 140 100 80 60 40 ppm



Synthesis of 2-(5-(4-methoxyphenyl)-1-methyl-1H-pyrazol-3-yl)pyridine (P8)

4-0OMe Pyrazole

Spgdopeoserrregaevy 5 5 BRUKER
pprpCIch EPCHO R + 2 LN
o ™~ ™ - [1]
=] @ @ O MO
@ o ~ a8 ggg-c]ﬁo 1
~ -~ r -~ O O O
F2 - Acquisition Parameters
W I \/ ‘ Date 20240418
Time 14.15
INSTRUM avd00
PROBHD  2104450_0135 (
PULPROG z
™ 55536
SOLVENT €DC13
NS 15
Ds 2
SWH 6410.256 Hz
FIDRES 0.195625 Hz
A 5.1118078 sec
RG 209.43
oW 78.000 usec
DE .50 usec
® 298.2 K
- D1 1.00000000 sec
O 1
T T T T T T T T T T T T T sFol 4001324008
8.8 8.6 8.4 8.2 8.0 7.8 7.6 7.4 7.2 7.0 6.8 ppm  NUCl 1
PO
Pl
PLW1
& Y I IV 9 b I
N a o b 3 = s parameters
. ! ! i ) 32768
=) = P I - 400.1300000 Mz
EM
0
0.30 Hz
0
1.00
A b R
T T T T T T T T T T T
11 10 9 8 7 6 5 4 3 2 1

9
3.20
0
257

34

0!

0
3.15

1
ppm
4—-0M= Pyrazole m

HAME AD lex
4

EXFNO
PROCNO

FULFROG
D

SOLVENT

FZ - Frocessing parameters




Synthesis of 4-(1-methyl-3-(pyridin-2-yl)-1H-pyrazol-5-yl)benzonitrile (P6)

CN Pyrazole

Co<)
BRUKER
(<)

Current Data Parameters

NAME May03-2024-Alex
EXPNO 10
PROCNO 1
F2 - Acquisition Parameters
Date_ 20240503
Time 10.54 h
INSTRUM av400
PROBHD 2104450_0135 ¢
PULPROG 2g30
™ 65536
SOLVENT cDCl13
NS 16
DS 2
SWH 6410.256 Hz
FIDRES 0.195625 Hz
RO 5.1118078 sec
RG 209.43
oW 78.000 usec
DE 6.50 usec
TE 298.2 K
D1 1.00000000 sec
TDO
f T T T T T T T T T T T T SFOl 400.1324008 MHz
8.8 8.6 8.4 8.2 8.0 7.8 7.6 7.4 1.2 7.0 6.8 ppm  NUCl 1H
PO 5.00 usec
Pl 15.00 usec
PLW1 11.20839963 W
< = o |wles [=} ~
& —~ -
g f 2 A g Eﬁ g gi Processing pa;ameters
=1 ol —l leilo o o SP 400.1300000 MHz
WoW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
! Uu L i I
T T T T T T T T 1
1 10 9 8 7 6 4 3 2 1 ppm
8 [EEREs :
ol |ailrlclolele o
CN Pyrazole (_.)(7
Curreat Data Parameters
NEME May03-2024-Rlex
EXPHD 20
FROCNG 1
F2 - Acquisiticn Farameters
pate_ 202405
Time 11
INSTRUM
FROEHD z
FULFROG
D
SDLVENT
NS
DS
SWH
FIDRES
AD
kG
DW
DE
TE
Dl
D1l
DO
SEOL
NUC1
PD
Pl
PLW1
BFOZ
NUCZ 1n
CFDFRG[2 waltzlé
PC 50.00 use
F2 - Frocessing par
51 3
5F 100. 61
WDW
55B
LE
“ n L ol GE
T T T T T T T T
200 180 160 140 120 100 60 40 20 ppm



Synthesis of 2-(5-(4-methoxyphenyl)-1-methyl-1H-pyrazol-3-yl)pyridine (P7)

NO2 Pyrazole

)
BRUKER

Current Data Parameter
1-2024-Alex

W M ooy — NAME May:
NOo oo o™ EXPNO 10
MMM aa o PROCNG 1
®mm oo ©
L F2 - Acquisition Parameters
‘N// Date 20240501
Time 13.30 h
INSTRUM av400
PROBHD  2104450_0135 {
PULPRCG 2q30
™ 65536
SOLVENT €pe13
NS 16
DS 2
SWH 6410.256 Hz
FIDRES 0.195625 Hz
2Q 5.1118078 sec
RG 209.43
oW 78.000 usec
DE 6.50 usec
TE 298.2 K
A — i 1.00000000 sec
DO 1
T T T T T T T T T T L T 1 sro1 400.1324008 MHz
8.4 8.2 8.0 7.8 7.6 7.4 7.2 7.0 6.8 6.6 6.4 6.2 ppm NOC1 18
PO 5.00 usec
Pl 15.00 usec
PLW1 11.20899963 W
2 - > aE =
= - @ "3 _ Processing parameters
P b o alla] | Eg? Processing szaggr“r’vzgcu
™ o ==l le SF 400.1300000 MHz
wow EM
SSB 0
LB 0.30 Hz
cB 0
PC 1.00
T T T T T T T T T T T 1
1 10 9 8 7 6 5 4 3 2 1  ppm
g |58 [8358 g
el NS | L]

N02 Pyrazole

o)
BRUKER
(<)

Curreat Data Farameters

HAME MayD1-2029-Alex
EXFNC 40
FROCNG ik

F2 - moguisition Farameters
Dat 20240501
Time h
INSTRUM

FROEHD

FULFRCG

™
SOLVENT
HE

HUCZ

50.00
11.20B55%6
0.311365%




Synthesis of 2-(5-(3,4-dimethoxyphenyl)-1-methyl-1H-pyrazol-3-yl)pyridine (P9)

3,4 OMe Pyrazole

M A A S OO D
~r FrRrra® e ~GGe

[l i i e

~

0
F2 - Acquisition Para
w \W%’J/ Da 202405

™
SOLVENT
NS
Ds
SWH 64
PIDRES 0.
AQ .
RG
bW
DE
TE
A Dl .

Current Data Parameters

Moo NAME May09-2024-Alex
WOy EXPNO
N = PROCNO

[teteite]

Time 13.
INSTRUM av400
PROBHD

PULPROG

0
T T T T T T T T T T T T SFO1 400.13 08 MHz
8.8 8.6 8.4 8.2 8.0 7.8 7.6 7.2 7.0 6.8 H
.00 usee
p1 100 usec
PLW1 11.20859963 W
_ < I | || |
IS = of ||| ~l e sing parameters
=] i = =T =1 - |o J 32768
— — — e L — — 400.1300000
EM
0
0.30 Hz
0
1.00
\ TR L o
T T T T T T T T T T T 1
11 10 9 3 2 1 ppm

3,4 Pyrazole CAREOM
Cl3cpD512.CMDnp CDC13 {C:“Bruker‘\TopSpin3.6.5} nmrsu 92

VS V]

Frocessing parame




Reaction Screening *H NMR Studies

Solvent Screen: MeOH

MeOH Rxn C (—'><7
TONTTITTONITONCTMNOMAT-OA0CROUANAN AN M AW AWM
DTN OORVOOAGTOVMNMNHTOOOHRWDONOTMOWOWMNMNIOTORNWOO
oo o o B Bl e e e e e i S e e o e e e o e O L il e =T S - e T as B o I e Mo TR s B s BN ()Q
Current Dala Paramelers
NAME Jan03-2024-Alex
i EXPNO 10
PROCNO 1
17%
. F2 - Acquisilion Parametlors
Conversion Date 20240103
ime™ 10.14 h
| av400
%104450 0135 (
T 230
. 65536
SOLVENT (o chlk)
: NS 16
IJ \L L i Ds 2
SHH 6410.256 Hz
e "‘“““““‘L‘—“* l e A E FIDRES 0.195625 Hz
‘ . ‘ r ‘ ‘ T ‘ ‘ r ‘ ‘ AQ 5.1118078 sec
G 209.43
4.4 4.2 4.0 3.8 3.6 3.4 3.2 3.0 2.8 2.6 2.4 ppm 78.000
| 6.50
J (. 298.2
{ Yoo g 1.00000000 sec
o b = = = DO 1
i p = = = SFOL 400.1324008 MHz
o . . . . NUCT 1H
olo o = el i PO 5.00 usc
1 Pl 15.00 ugec
/ ] PLW1 11.20699963 W
| i F2 — Processing parameters
! \ | 51 32768
| | i ST 400.1300000 MHz
! 4 WDW EM
‘ \ { 55B 0
} i i LB 0.30 Ha
| | GB 0
} PC 1.00
[ '

N NI W

8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 ppm
UL L LU YL ) A e
NF} |n’nowo-—mﬂ‘m me ml [m o}
B S|8& I 5NN N © & = 3|13
(=128 o Ll L=10=10 T 1N ko =] Qo - -l
MeOH 2
U NLOTNOTIMC-MOTROONTODONLDLOAHDDHTONMCEATONONMOMEMS AW AN MN
WO TNOOSOWRDOANr 10X MANAODOOWMOLOTMOOUMNGSTONWOO
ooOoowoooor~-~-r~reeccccCNCNNEEEE O FTLINOOOON MM N

Current Daka Paramelers
NAME Jan0%-2024-Alex
J' EXPNO 10

18% | FROCND 1

| | F2 - Acquisilion Paramolers
z

Conversion f
|
|

] . s -J'y ARl ey

4104450 0135 (

230
65536
cnol3
16
2
6410.256 Hz
0.195625 Hz
- s
T T T T T T T T T T T T J.];ég?zg ses
4.4 4.2 4.0 8 3.6 3.4 3.2 3.0 2.8 2.6 2.4 ppm 78.000
6.50
[ TE 298.2
- m 1.00000000 sec
== o 2 2 ! 3 DO 1
wlo [ e o o | SFO1 400.1324008 MHz
N / . B . NUCT 1H
ol — — o PO
i Pl
) PLU1 11.208
F2 - Processing parameters
sl 32768
aF 400.1300000 MHz
(1 0 WDW EM
o Iy 558 0
Nl | | 1B 0.30 Hz
] I | F GB 0
P 1.00

T T T
85 8.0 75 7.0 6.5 6.0 5.5 5.0 45 4.0 3.5 3.0 ppm

= s f 0
Qv —olcivlg] e o €2 & g/



Solvent Screen: EtOH

EtOH Rxn

W= NWOTNO LWL~
W @0~~~ TN O
WWWWwLWwLWnWw o~
o 00 oo o~~~

N

12%
Conversion

72703
7.684
7.400
T=397
7.382

ppm

Current Data Parameters

AME, Jan04-2024-Alex
EXPNO 10
PROCNO 1
F2 - Acquisilion Paramelers
Date 20240104
Time h
INSTRUM

PROBHD

PULPROG

o

SOLVENT

6410.256

0 195625
5.1118078
209.43
78.000
6.50
298.2

Hz
Hz
zac

usec
usec

=

1.00000000 sec

1
400.1324008 Miz
1H
5.00 usec
5.00 usc
| " ) PLW1 11.20899963 W

0.398
0.987
1.131
1,007

— Ly
-2
3.000

. ‘ J ‘ { { J - Processing parameters

1L o)

| | | \h l
|

IR U,

6
400.1300000 MHz
EM

0
0.30 Hz
0

1.00

8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 ppm
[IWJ\ L 1) | ) L)
(=18 > | N | (=] oo - ~| ™
EtOH2
W NOT NI N T NNODTRONTNDOCDONOQOOUNT TN AN AN NS
DO OFTNNNODBDOAN--ACHODDNN A0 FMNOLNNOTON0O A
WD W B W~ [ e T [ [ [ s s S S M M o o) o o
Current Data Parameters
NAME Jan10-2024-Alex
| EXPNO 10
PROCNO il
7%
: | F2 - Acquisition Parameters
Conversion | Date_ 20240110
Time 10.56 h
INSTRUM avi00
PROBHD  7104450_0135 (
PULPROG zg30
TD 65536
i SOLVENT cDell
Lﬂ NS
I ¥ S |
T T T T T T T T T T T T
4.4 4.2 4.0 (3.8 3.6 3.4 3.2 3.0 2.8 2.6 2.4 ppm
Wl )
\ 5
ks (o o o 2 otmonnnn sec
b [ o = = = 400. 13240?L MHz.
A b "+ s i 4 H
[=3 = — — ™ 5.00
f 15.00
[ | 20899963 W
P ‘ i ‘ F2 - Processing parameters
| 51 32768
] i ST 400.1300000 MHz
| ‘ ‘ WDW EM
| 85B 4]
! : h I LB 0.30 Hz
| ‘ il GB 0
| PC 1.00
1 ! ‘ ﬂ n r‘ [ ]
! N W, Y S || P NI V. S )
T T T T T T T T T T T T T ]
8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 45 4.0 3.5 3.0 ppm
ﬁj AL R ) sl | ||
w0 NS =] DD |D[™ © ™ N [ ©w @ (o
= et {" {N."’.W.“. (o N_‘c_q ) QF:'
Q0| - N | (=] Ol o { o -—| [




Solvent Screen: EtOH

(>

Currenl Dala Paramelers
Al Jan04-2024-Alex
! EXPNO 20
PROCNO 1
4% |
. F2 - Acquisilion Paramelers
Conversion Date_ 20240104
‘ Time 14.39 h
INSTRUM avA00
. PROBHD 4104450 0135 (
I PULFPROG T ozg30
TD 655
SOLVENT cDC13
NS 16
DS 2
H SHH 6410.256 Hz
- - FIDRES 0.195625 Hz
il AG 5.1116078 sec
T T T T T T T T T T T T RG 209.43
4.4 4.2 4.0 8 3.6 B.d 3.2 3.0 2.8 Z.6 2.4 ppm i 78.000
DE: 6.50
| [ ) TE 298.2
01 1.00000000 sec
™M = =) o THO 1
i = = = s5FO1 400.1324008 MHz
B . . . NuCt TH
ol|o o i ™ PO
( Pl
PLW1 .20899563 w
[
| | f } F2 - Processing parameters
I | 51 32768
| / SF 400.1300000 MHz
| [ WDW EM
558 0
I h I | 1B 0.30 Hz
i "oy GB 0
| | ! [ re 1.00
I [
! ) Il
D74 I L:l WA - P )1 el L
T T T T T T T T T T T T 1
8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 ppm
)] JU S U 2 Al !
<+ (o|w | [w|(e]em (=] ) ) =| (=
g2 8 §[&RE/EE < 5|8
Qo - ~NIm—olo Qo \ an -~
IPA2
O AODN A0 VUTFOTNDMOU ATODOUWU A ODDMODDLNOOMMEMMECHW AWM
QDX TITNNODRDOANANT OO RN MR N A0 OTLWLTMNMOOMNMANOTONW O A
LﬂLﬁLDLf‘rLr}LDL()LﬂD\G\mml\\D\D@Q‘WWWMWMMNNNNNC\INNNNE\-P\E\-LOHHODO\DDBRUKER
e oea Bealiealiea e olioo e o T el il el i sl el S s S S e S S B e A OO NN ANN

Currenl Dala Paramelers
NAME Jan10-2024-Alex
| EXPNO 20
PROCNO 4}
2% '
. F2 - Acquisilion Paramelers
Conversion ‘ Date_ 20240110
Time 11.01 h
| INSTRUM avA400
PROBHD 7104450 0135 (
PULFPROG T ozg30
TD 65536
SOLVENT cDCl3
NS 16
| l 1 ‘
SiiH 6410.256 Hz
7 b ) F1DI 0.195625 Hz
Il 5 )
T T T T T T T T T T T T [:,C: J N
4.4 4.2 4.0 [3.8 3.6 B.4 3.2 3.0 2.8 2.6 2.4 ppm i
DE
J L)
\ 1 onoonnnn sac
< |~ i o~ fa] [RXe] TDO
B o 2 b= (B SFO1 400. 13240& MHz
W . f g NuCt TH
Ol el i Mo PO 5.00 u
i | Pl 15.00 us
| | [ PLW1 11.20899963 W
| ‘ i l F2 - Processing parameters
{ 81 32768
| s ST 400.1300000 MHz
| ‘ EM
i | ‘ 9
L i 1, 0.30 Hz
il 0
| { | 1.00
7,,1)[' SENTREREY | G & . ,,I BN | | L ,,J.J,..z EPESHIN LA
T \ | T T T T T T T T 1
8.5 8.0 7.5 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 ppm
) | I\ Lhl 4 ] I
g8 s (h g 85 2 BB
= o] = b ] = a2 ] Sy
Q9T v NI~ =] (=18 o \ g Mo




Solvent Screen: MeCN

Currenl Dala Paramelers
A Jan03-2024-Alex
| EXPNO 20
PROCHO 1
8% |
. F2 - Boquisition Parameters
Conversion | Date_ 20240103
Time 10.2.‘, b
‘ INSTRUM avd00
| PROBHD 7104450 0135 (
PULPROG ze30
™ 655:
SOLVENT cncl3
NS 16
Ds 2
i AN ShH 6410.256 Hz
R = 0 FIDRES 0.195625 Hz
T T T T T T T T T T T T / ff ;
4.4 4.2 4.0 .8 3.6 B.4 3.2 3.0 2.8 2.6 2.4 ppm | [
DE
] | L) :
/ - \ i 100000000 sec
| o wy (=] THO 1
bl i il = = 8F01 400.1324008 MHz
of . . . . NuUC1 1H
oo — ~ o PO 5.00
1 Pl 15.00
‘ PLWI 20095563 W
s F2 - Processing parameters
f |/ { s1 32768
| i &% 400.1300000 MHz
I 1 ) ( WDW EM
l ! ) ( ‘ 85B 0
‘ " | LB 0.30 Hz
il I GB 0
m m pe 1.00
EREES = L e P CPGEIE A | U.J.J..Lnu;
T T T T T T T T T T T T T ]
8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 ppm
5 )y (Y, | | I
=N EEeEEs 55 B [ls
b e} O fejoiofey] e o o £ bt e
(=28 o QN o oo - e
MeCN 2
N O9MN AT N TNNMCTMNMOW AT NOOSOWOD AWOWNAATOMNCMC AW AW N ST
OO OFFIFNNNOODRONTON T O OO MO0 TFTMOLUMANTOONWO A
o o (D [+8] (I) oo CO l“- V‘* I“- L e e e e e e o e e o e e el e B el s B © S U SRS RS U4 IR B T A TR e A TR A T o0 IR a0 I &N N

Current Dala Paramelers
NAME Jan09-2024-Alex
| EXPNO 20
[ PROCNO 1
13%
. F2 - Acqguisilion Paramelers
Conversion Date 20240109
‘ Time 10.3% h
INSTRUM ava00
PROBHD  7104450_0135 (
PULPROG 730
TD 65536
SOLVENT CDC13
«}Jﬂﬁ]\n\ : .
l’ ns 2
SHH 6410.256 Hz
oo A JL“"J - F1DRE 0.195625 Hz
| | : | | AQ 5.1118078 sec
" RG 209.43
4.4 4.2 4.D I .8 3.6 3.4 3. 2 3.0 2.8 2.6 2.4 ppm v 78.000
| nE 6.50
| ] .t
k K T 298.2
o o o - “!]-J)r \.ormannnn seo
by )
o 3 < = 5FO1 400. 13240% MHz
. . B . NuCl
(=3P — — ™ PO
. Pl -
/ PLW1 20899963 W
‘ | F2 - Procesaing parameters
f / Bl 32768
f | . v 5T 400.1300000 Mz
| f | WoW EM
I I | ( s 38R 0
iy i \“ LB 0.30 Hz
| I il ) GB 0
Jj J i | Pe 1.00
" ( { | | [l
19 S 'MLL\ A BN N AR N T T T 1 Y 1
T T T T T T T T T T 1
8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 ppm
) .| | SIS S | |
0(w|w (ks |o|on o] (1~ <|w =} ~| (o
=[N b o] b Ll e o “'. =< “ Q|2
(=218 — OO~ | (=] (=210 -~ ||



Solvent Screen: THF

THF 2
T OMNONANSCTDNMNOTONTNRACDNOODAOMTOME MO AN AN M AN m
VRO OO TITTITNNNOODDODOUOA T IO 0O MOOONTMOLOUMNONTTFONOMO A
WO~~~ OMONMOMOMN 0NN N
~ : (=" (N
/
Vol
Current Dala Paramelers
NAME Janll-2024-Alex
{ EXPNO 10
PROCNG 1
8%
: F2 - Acquisilion Parametors
Conversion ' Date 20240111
Time 10 57 h
TNSTRUM vAa00
PROBHD 7104450 | 0135 (
PULFROG 7g30
/ ™ 65536
SOLVENT coell
NS 16
| J M I :
SHH 6410.256 Hz
- e A - R F1DRES 0.195625 Hz
‘ r ‘ r ‘ ‘ r ‘ ‘ r ‘ ‘ AQ 5.1118078 sec
| RG 209.43
4.4 4.2 4.0 48 Bu6 B.4, 3.2 3.0 2.8 2.6 2.4 ppm D 78.000
DE 6.50
) ) : 298.2
‘ B oooonnr.n
00| < o o ™0
R 1= 0 S = SFOL T
o . . . . NUC1 TH
ol o o el PO 5.00 usec
Pl 15.00 usec
| PLW1 11.20699963 W
f | / F2 - Processing parameters
i b | / sI 32768
r i | | 57 400.1300000 MHz
l ¢ WDW EM
I I | 558 0
| h i LB 0.30 Hz
| Il I GB 0
I PC 1.00
L Wl
sz '.-,-__,, e 1Y t'w_. .Jﬁ,,,, [N PSR | U U " WY THRDY || PN SR

8.5 8.0 75 70 65 60 55 50 45 40 35

o)
BROKER

Currenl Dala Paramelers
NAME Jan05-2024-Alex
| EXPNO 20
FROCNO 1
6% |
i | F2 - Acquisillion Paramelers
Conversion Date 20240105
Time 15.02 h
‘ TNSTRUM avAa00
PROBHD 4104450 0135 (
PULPROG 70730
TD 65536
SOLVENT CDC13
, NS 16
ns 2
| N | r ) I
SHH 6410.256 Hz
— - w A J"")‘J S —— FIDRES 0.195625 Hz
AQ 5.1118078 sec
I T T ] T T T T T T I T I R 209.43
4.4 4.2 4,0 3.8 3.6 3.4 3,2 3.0 2.8 2.6 2.4 ppm [ 78.000
| .
DE 6.50
] | \\ J T 298.2
( L 1 1.00000000 sec
s > = 2 oo ]
e pt o S SFOL 400.1324008 MHz
o . . . - NuC1 TH
olo — o ™ PO 5.00
Pl 15.00
{ PLW1 11.2089%963 W
| | f f F2 - Procesaing parameters
51 3276
‘ | | ) f 57 400.1300000 Mz
| / WDW EM
| il | ‘ 558 0
| ! i i I 0.30 Hz
| ! ! GB 0
J | pe 1.00
|
1 Jk L '
DY ¥ S Y7 ) BN \Ji,, A ~ —— | SIS SR N
T T T T T T T ML T T T T T 1
8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 ppm

0.20-
.08~

RN 22 £k



Solvent Screen: CH,Cl,

8th Feb DCM rxn 1

PROTON16.CMDnp CDC13 {C:\Bruker\TopSpin3.6.5} nmrsu 93
NN NOIFFHFOMNMOFLONSAOCOATTNNNOSCOMONOOFFFOMUN AL NDOMLU NW
TN CODNOO PN AN WO ONUNMOMEAOONTMNMOOVMNMNDT OO WD O
LﬂLﬂLﬁLﬂLﬂu’)mO\[‘-[‘\Q@(ﬂ(ﬂ(ﬂ(ﬂ(ﬂtﬁmmmmmmmm(\](\lNNNNN[“T“[\‘\DHHHOO‘\D\CDBRUKER
[T e e e e e e T e el e el e e e el e et e el S el e e o e S e U TR I o B e I e W oo B S B e B ¢ W o B N RN I o
TV Yl e
i (T
Current Data Parameters
NAME Feb08-2024-A1 ex
0, / EXPNO 50
BA’ | PROCNG 1
Conversion F2re Moguisition PHCARSCErs
- Date 20240208
T 11.17 h
INSTRUM 0
PROBHD ~ %104450_0135 (
| - PULPROG 2930
D 65536
SOLVENT coC13
Hs 16
L DS 2
SWH 6410.256 Hz
’—l‘_’& “]UA h e — FIDRES 0.195625 Hz
2 ’ AQ 5.1118078 sec
T T T T T T T T T T T T T RG 209.43
4.4 4.2 4.0 -8 3.6 3.4 3.2 3.0 2.8 2.6 2.4 jejeiut oW 18,000
DE 6.50 usec
J \ ) K ) TE 298.0 K
7 ] =
e = @ 3 Eéo 4‘0000000? ec
il rely = S SFO1 400.1324008 MHz
.. [ . . NUCL 11
<|e | — L gl ; ED 5.00
Pl 15.00
PLWL 11.20899963 W
i FZ2 - Processing parameters
{ ' = ST 32768
‘ SF 400.1300000 MHz
| [ J oW EM
[ M J | S5B 0
| J h ) LB 0.30 Hz
1 1l G 0
I | P 1.00
I i | l d{‘ | I
i
N e M)
I T T \ T T T T T T T 1
8.5 8.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 ppm
) Sk \ ) \ ) | |
w m ~|r~ (- b ol O\
= mH q& R =/
- Qo - ||
DCM rxn 2
a T MO AW AW OW AN
595@@"@5“@@@ @@13 g E@@ﬁ@@ﬁ@}@”ﬁ 5@ @f@f@uﬁrﬁ S e R AL s i
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Current Dala Paramelers
NAME Feb09-2024-Alex
| EXPNO 20
PROCNO 1
11% |
. F2 - Acquisilion Paramelers
Conversion I Date_ 20240209
- Time 13230
‘ THSTRUM avano
PROBHD  %104450 0135 (
PULEROG T zg30
D 65536
SOLVENT cDcl3
NS 16
DS 2
SWH 6410.256 Hz
— ‘_‘_"LH‘“ LJLMAM L“—“—‘_'_"“_—‘\Mw - FIDRES 0.195625 H=z
| AQ 5.1118078 sec
T J J | G 209.43
4.4 4.2 4.0 8 3.6 3.4 3.2 3.0 2.8 2.6 2.4 ppm 3 78.000
1 DE 6.50 us
) | k ] TE 298.0
/ / o1 1 .nnoonnnn sec
oy | = ol [ss] o DO
w o ct
e I A 5 = SKOL At SO
o . | . . . NUC1 TH
=3 M — el PO 5.00 usc
Pl 15.00 usec
’ PLU1 11.20899963 W
‘ 3 r F2 - Processing parameters
; ||/ s1 32768
[ 1 / SF 400.1300000 MHz
I i [ | WDW EM
I | ' 5SB 0
(i H\ ‘ N 1R 0.30 Hz
I GB 0
, 0 | ™ 1.00
| Ta 1 ! I
S ¢ - iy ] 1 ,.\\-L,_‘l AR e e k. ,J' ~L~All i :‘ 0 R X
T T T T T T T T T T T T T 1
8.5 8. 0 7.5 7. 0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 pPpm
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Solvent Screen: CHCl;

14th Feb CHC13 RT

PROTON16.CMDnp CDC13 {C:\Bruker\TopSpin3.6.5} nmrsu 80 m
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Currenl Dala Paramel 5
NAME Febl5-2024-Alex
EXPHO 10
U
8% PROCNO 1
nversion F2 - Acquisilion Paramcle
Conversio Date 20240215
Time 9 46 h
- NSTRUM wAlD
PROBHD 2104450 013, (
PULPROG
rn
SOLVENT
NS
D
l SWH
— FIDRES
AQ
T T T T T T T e
4.4 4.2 .8 . .2 3 0 2.8 2.6 2.4 ppm D
DE
I | , TE 298.0 K
| \ i 1.00000000 sec
Sl o s |
NI k= — =3 STO1 400.1324008 Miz
. . . . NUCT 1
(=] (=) o~ — [} PO 9.
[ Pl 15.00 u
PLIN 1.20899963 W
I /
| F2 - Processing parameters
| ST 32768
‘ | ST 400.1300000 Mz
| r‘ WhwW KM
r 58B o
| LD 0.30 Hz
I h | GB 0
l &L 1 \ 1l | ! PC 1.00
y bt .
Y | SR VT JJJLVui, Y " L b I.Jmillll P A
T T T T T T T T T T T l
8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 3.5 3.0 ppm
] L J )|
r-‘m omcmw(ﬂhm NHo
"N b d bt ot ] | = ||
-0 =ol=mwi=olo -l
ChC13 rxn 2
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oo~~~ NOSESTE OO OMOMNOOM [aVINaN)
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Current
NAME
EXPNO
FPROCNO

F2 - Acquisition Paramstors
\Jaf 202

Daka Paramelers
Feb09-2024-Alex

10

1

0209

Conversion
13.18 h
THSTRUM av4n0
PROBHD  7104450_0135 (
PULPROG Zg30
TD 65536
SOLVENT cDCL3
NS 16
DS 2
| i SWH 6410.256 Hz
| FIDRE 0.195625 Hz
AQ 5.1118078 secc
T T T T T T T T T T T T g Sia.as
4.4 4.2 4.0 pj3.8 3.6 3.4 3.2 3.0 2.8 2.6 2.4 ppm [ 78.000
i DE 6.50
| L TE 298.0
/ " 1 .nmmnnnn sec
— | = = o TR0
e = b = 3¥01 A6, S EG0E
o . . . . NuCt TH
ol — — ™ PO 5.00 u
/ Pl 15.00 usec
‘ PLU1 11.20899963 W
f F2 - Procesaing parameters
i / sl 32768
( SF 400.1300000 MHz
WhOW EM
[ ( 888 0
1 " LB 0.30 Hz
f GB 0
| PC 1.00
i b\ H ‘\“ \j| | 1\\| Al 1147 |
f
bl 2 .J‘J.AU [ ‘ v._».f m = = i L _u.l.u | £ 2 mre o
T T T T T T T T T T 1
8.5 7.0 6.5 6.0 5.5 5.0 45 4.0 3.5 3.0 ppm
RN | J4
83 el Rddte |N| 58 8 =8
ol =20 - ~| e




Solvent Screen: Hexane

Currenl Dala Paramelers
AME Jan05-2024-Alex
{ EXPNO 30
PROCNO 4}
1%
. ‘ F2 - Acquisilion Paramelers
Conversion Date_ 20240105
[ I Time 15.09 h
STRUM av400
PROBHD ~ %104450 0135
. PULPROG -
It TD 5
SOLVENT EDET
NS
! S 6410.256 Hz
M S —— e . 0.195625 Hz
AD 5.1118078 sec
T T T T T T T T T T T T ne 200,43
4.4 4.2 4.0 (3.8 3.6 3.4 3.2 3.0 2.8 2.6 2.4 ppm bl 78.000
DE 6.50
) k k J T 298.2
/ { 01 1.00000000 sec
) |~ o B o THO 1
BLbN = 2 = SFO1 400.1324008 MHz
i) . . . NuCt 1
oo — — ™ PO
i Pl
" | f PLW1 11.208 3 W
0
| ‘ f F2 - Processing parameters
| / 51 32768
ST 400.1300000 MHz
| ‘ WDW EM
! 558 0
I If; LB 0.30 Hz
| | ! GB 0
J “ PC 1.00
l I
| P J“ t L
T T T T T T T T T T T T T 1
8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 ppm
Pl I LA L | L
) Iw —|(@ wrsﬂ w0 ©|o m} e‘ ‘a
-S a| [=|[==|a| e ole = al|e
Sie -l I<llciledl=] e Sl - | le3
Hexane 2
TN TNONANCEDNOTNONTODOCNYDARNR DN NSO AW AN o
OO FITANNNDDOONN N OO0 RNMNMNAO0C0CO0OWVWWYWTITMNMONWHNHNGTONWO
Ccooooooor~r~e~~~NRR~NEEEEEEEEEEEEO TN M N
Current Data Parameters
NAME Janl1-2024-Alex
| EXPNO 20
FROCNO 1
3% |
. F2 - Acquisillon Paramelers
Conversion Date 20240111
Time 11.03 h
[ INSTRUM av400
PROBHD  Z104450_0135 (
- PULPROG T 2g30
| 65536
[ CDC13
16
H' = 2
6410.256 Hz
¥ " " e — 0.195625 Hz
5. 78 sec
T T T T T T T T T T T T N Jéég%g e
4.4 4.2 4.0 B 3.6 1B.d 3.2 3.0 2.8 2.6 2.4 ppm 78.000
| 6.50
) | [ ) 298.2
AP =Y e a4 = o \.nﬂ\mnnn? sec
O | (e} ) o I Ao S
] Y — Al = = SFO1 400.1324008 MHz
|, : B % : 1 I NuCt TH
olo o — — ™ PO
Pl E
PLW1 11.20899963 W
! F2 - Procesaing parameters
51 32768
5T 400.1300000 Miz
| WDW EM
to | | S8R 0
o ! | N Iy LB 0.30 Hz
1 u ‘[ GB 0
i i ! pe 1.00
“’ L | |
N O W7 L N C SRR S, | Y || V), S, |8

T T T T
85 8.0 7.5 7.0 6.5 6.0 5.5 5.0 45 4.0 3.5 ppm

3.0
€Y EEeE Be e EiE
g8 [§ 23R B SERE s



Solvent Screen: 40°C Temperature

400C 1
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Conversion |

NS
DS
_J.J\,naJ 4 Shid
S O O i .

4.4 4.2 4.0 .8 3.6 3.4 3.2 3.0 2.8
C)L)
@ J = | o
oS|m =) — =
oo — o S
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Current Dala Paramelers
M

Jan12-2024-Alex

EXPNO 10
PROCNO 1

F2 - Acquisilion Paramelers
Date 20240112
Time 14.57 h
INSTRUM av400
PROBHD 4104450 0135
PULPROG -

TD

SOLVENT

6410.256 Hz
0.195625 Hz
5.1118078 sec
208.43
78.000
6.50

298.2
1.00000000 sec

l

ssing parameters

32768
400.1300000 MHz
EM

0
0.30 Hz
0

1.00

30%

Current Dala Paramelers

NAME
EXPNO
FPROCNO

Janle=-2024-Alex
10
1

F2 - Acquisillon Paramelers

Conversion Date 20240116
1 Time 13.22 h
THSTRUM av4no
PROBHD  4104450_0135 (
— PULPROG 730
TD 65536
SOLVENT [Salsd!
NS 16
. L 9
SWH 6410.256 Hz
E— - "*‘}“ R —— At F1DRH 0.1595625 Hz
5.1118078 sec
T T T I T T T T T T T T ’ 1;(1)9.(_]42 e
4.4 4.2 4.0 f.B 3.6 3.4 3.2 3.0 2.8 2.6 2.4 ppm 70.000
6.50
) | I 298.2
‘ 1.00000000 sec
™[O o | [1p] ) [s=) 1
fte)
Sl 3 | e 2 = 5FO1 400.1324008 MHz
o . . . - . NucCt TH
| o i — ™M | PO 5.00
Pl 15.00 us
PLW1 11.2089%963 W
F2 - Procesaing parameters
| g1 32768
SF 400.1300000 Mz
WDOW EM
858 0
. . | ( 1B 0.30 Hz
I [ | GB 0
\‘ | I [ ‘\“ I pe 1.00
. ]
b Jdnfin - HJ_M /h‘Jy‘J_.‘___.__.HU_uL S A
T T T T T T T T T T T T T 1
8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 ppm
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Solvent Screen: 60°C Temperature

60oC 1
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Current DaLta Paramelers
NAME Jan23-2024-Alex
i EXPNO 10
PROCNO 1
42%
- F2 - Acquisilion Paramelers
Conversion Date_ 20240123
Time 10.45 h
STRUM avd0o
PROBHD 4104450 0135 (
PULPROG
L
WUHK M.,,LUJLMJMM. l i
|
T T T T T T T T T T T T G 209.43
4.4 4.2 4.0 8 3.6 B.4 3.2 3.0 2.8 2.6 2.4 ppm 1 [ 78.000
i DE 6.50
k ) T 296.2
| il 1.00000000 sec
|~ o feo) = o THO 1
0= e f 0 oL = sm} 400.1324008 MHz
o . . . . NUC h
(SIS o o — ™ 7o
K , 4
PLW1 11.208 W
F2 - Processing parameters
81 32768
SF 400.1300000 MHz
[ | WDW EM
‘ ! 55H 0
A LB 0.30 Hz
| P H\I | | | f GB 0
LI e 1T
S M i

8.0

T T T T T T T T T T T T ]
8.5 7.5 7.0

65 60 55 50 45 4.0 35 3.0 ppm
DL ) L jJL J 1 | iH
B8y mEkdslas LI
Qo Qririoiriol i~ ICo N~ o - -l
600C 2
WO om0y

o -
W 0w W

@ @ oo @

1 arameters

NAME Janl2-2024-Alex

FXEPHO 20

o PROCHNO 1

39A) F2 - Aoquisition Parameters

H Date 20240112
Conversion T 15.02 b

INSTROM avdil

PROBHD 2104450 0135

PULPROG zg30

T A5536

SOLVENT cpels

NS

A ey E§

pem

| SF
WhW
SSB
I LB
I PC
1
N i ) - . JL] S L NI N

T T T T T T T T

T T
45 4.0 35

85 80 75 70 65 60 55 50 30 25 20 1.5 ppm
LONEEEEHEE Shigll [
Sl ~l=laldlal~l o ~i=lal = rlled

400.1324008 MHE=
1H
usec
15.00 usec
11.20899963 W

F2 - Processing parameters
=t

32768
0.1300000 MH=z
EM
0
0.30 Hz

0
L.o0



Eq. Screen: 1.5 eq. H,NNHMe

(>

| r‘ullenL Dala Paramelers
Al Jan26-2024-Alex
20

f EXPNO
i LOCND
38% PROCN 1
. | F2 - Aoquisition Paranclers
Conversion Date_ 20240126
Time 15.41 h
INSTRUM av400
FROBHD 4104450 0135 (
- PULPROG T ozg30
6553
SOLVENT CDCL3
3 16
2
6410.256 Hz

FIDRES 0.195625 Hz
AC 5.1118078 sec
T J T J T T BG 209.43
4.4 3.2 3.0 2.8 2.6 .4 ppm "l 78.000
DE 6.50
L) T 288.2
/ 1 oooonnnn sec
[Ep3ite] [so] @D o DO
Pl = 5 s SFO1 400. 13240& MHz
o . . . . NUCT 1H
| — — ™M [~ P 5.00
! rl 15.00 us
PLW1 11.20899963 W
F2 - Processing parameters
sl 32768
SF 400.1300000 MHz
! WDW EM
[ S8R 0
If ] LB 0.30 Hz
" ) [ GB 0
| I ‘ | ‘ pC 1.00
,A,nA,k qgl S — L J, i | J N -
T T T T T T T T T T 1
8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 ppm
WA 1 | ) | \
33 [Er3zlEE BlE e i3
w |, =[N0~ || [N| | |© @ Q| - oo
clo —l=alvlel I«lala <I<llal |« o3
1.5eq HZNHMe 600C 24Hrs
TR T T O AW N DM
O MO OM NGO WOo
NN NNNOE-~WAAO OO
SHRNEESERENASCE . BRUKER
N\/ \ \V/ , V//
A
I
Current Dala Paramelers
| NAME Feb06-2024-Alex
f EXPNO 20
39% ! PROCNO 1
. ‘ F2 - Ac q\u_ﬁl.l;un Paramelers
Conversion | Date 20240206
| Time 1.12 h
THSTRUM avioo
| PROBHD  7104450_0135 (
| - PULPROG 2930
TD 65536
SOLVENT [Salsd!
" NS 16
M DS 2
SWH 6410.256 Hz
R | -1 S M___f e U S Gt o
AQ 5.1118078 sec
T T T T T T T T T T T T Rt 200,43
4.4 4.2 4.0 48 3.6 3.4 3.2 3.0 2.8 2.6 2.4 ppm 5 70.000
PR 6.50
[ J T 298.0
h 1 1 .ommnnnn sec
23 |z 0 A =
oo - 1 = = SFOL 400. 13240% MHzZ
oo . . . . NUCT
e [=] o — ™ PO
1 Pl <
PLW1 /UR‘B”&@&* W
F2 - Procesaing parameters
g1 32768
- ! SF 400.1300000 Mz
‘ WDOW EM
| 858 0
( , f In LB 0.30 Hz
‘ J I’ J B 0
| .
’ m m | pC 1.00
I ‘hl l L J-u_ _ - UUUTURURED. . P W . PN D J_ -
T T | T T il T T T T T 1
8.5 8.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 ppm
V1N | (L)L) )\
™~ o ) T~ (ip :f;L %n 0| (w] (n o (o
S q‘ k] o> w \n cn N DS [N 3| e
Qe - -l o - -l ™




Eq. Screen: 4.0 eq. H,NNHMe

4eq H2NNHMe 600C 1
OTrIrNITTNOIC-TONOARONTNOAD AN OMD
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r‘ulLenL DaLa Paramelers
A

Jan23-2024-Alex
20

[ EXPNO
PROCNO 1
35% |
. F2 - Acquisilion Paramelers
Conversion Date_ 20240123
Time 10.. h
J STRUM avd0o
PROBHD  %104450 0135 (
] & vulw‘-m[: T zg30
655:
sOLVTNT cDCLd
NS 16
| DS 2
\ | SWH 6410.256 Haz
— e EE— T - — — F1DI 0.195625 Hz
AC 5.1118078 sec
T T T T T T T T T T T T Re 209.43
4.4 4.2 4.0 8 3.6 B.4 3.2 3.0 2.8 2.6 2.4 ppm [ 78.000
DE 6.50
| ) T 298.2
o1 nmonnnn zec
oo - ] — e o | THO
Qg o } ” gl B sro1 4001324005 o
o . . . . . NUC1
| o | — — ™ 7o
| Pl
| PLW1
F2 - Processing parameters
sl 32768
f SF 400.1300000 MHz
WDW EM
| o | 558 0
e, i [ [ LB 0.30 Hz
" Hl’. [ ! | ¢ i GB 0
I ‘I | I \‘I i W i PC 1.00
\|E‘ ‘M ! } k I
th - J AR - y . N
T T T T T T T T T T T T T 1
8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 3.5 3.0 ppm
Y e | ) ]
58 E=gNEREE ggg e
(o S| |~=[[a| [N [+~=|v L] bl =2
oo a1t ‘r- -llala == ’ - —|le3
4eq HZNNHMe 600C 2
Wsr N N o0 O0WwNsT W0 00O N ONOWONNS M) s @0 Oo Moy
DO NC-ONOR-0ONAATM AN A OUUNMMOOOO0OTFTMONOWMNMNDOOWOoO
LﬂLﬂLquan\fDEUCOIE\DLD\D\DTFQ"WTI"q‘qﬂ"mmmmm(\](\lm(\l(\](\lf\lm[\[\l\@ﬁﬁﬁOmBRuKER
Lo e e e L el e o o e e e e e e il el ol el = B R R L RO N N R R N R N N
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Current Dala Paramelers
NAME Jan24-2024-Alex
f EXPNO 20
PROCNO 1
35% .
H F2 - Acquisilion Parameclers
Conversion | Date_ 20240124
| Time 1.44 h
! THSTRUM avi00
PROBHD  4104450_0135 (
PULPROG 730
| 65536
cDCL3
16
| . b ‘
6410.256 Hz
— e - S W 0.195625 Hz
T T T T T T T T T T T T ”1;32013 see
4.4 4.2 4.0 .8 3.6 3.4 3.2 3.0 2.8 2.6 2.4 ppm 8. nnn
.50
\ L k /\ 2662
o)o o " - . oL \.ormannnn sec
3% 3 S - = 5FO1 400. 13240% MHz
L. . . . . NuCT
| (=] — — ™ PO
Pl <
| PLUT 20899963 W
! F2 - Procesaing parameters
| g1 32768
SF 400.1300000 Mz
7l WOW EM
“\ I‘ | i 358 0
! | Ny LB 0.30 Hz
| [ Ul GB a
| I | Pe 1.00
'L } |
N S ._,JL“L![\,.}"M LU S R (TR |
T T T T T T T T T T T T T 1
8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 ppm
A P TRV
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Eq. Screen: 16.0 eq. H,NNHMe

leeq
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r‘ulLenL Dala Paramelers
A

Jan19-2024-Alex

f‘ EXPNO 10
LOCND

32% ‘I PROCN 1
. | F2 - Acquisition Paramclers

Conversion Date_ 20240119

| Time 15.46 h

INSTRUM av400

FROBHD 4104450 0135 (

PULPROG T ozg30

6553

. cDC13

16

I | 7

PSR b - A _.A/J N A x A

T T T T T T T T T T T T
4.4 4.2 4.0 .8 3.6 3.4 3.2 3.0 2.8 2.6 2.4 ppm
o~ ™ j(\l [\r WD |
= e [ ] o~ el o o~
x| ™ A “ o sko1
o . . . . NUCT
—A (=] o — ™ , PO
I Pl
| PLW1
F2 -
1 51
5F
WDW
558
(o e LB
‘ | GB
\’I Hf‘ PC
] , il .
T T T T T T T T T T T T T 1
8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 ppm
1) y) [ |
53 [EEgeky SR B
o bt bt L D b L= (2 = -2
Qo —eQvielliviico -l | - -l
7th Feb l6eq H2NNHMe 2
B?%%Qﬁﬁﬁ“@fmﬁf §P§1§ S@@@@@ﬂ%@@ﬁ%ﬁ e R - R R R R
o::Doommoor\r\r\rﬁl\r\r\r\r\r\l\l\r\r\hr\r\r\r\r\r\r\r\r\\gv*tr:ﬁwmmmmmmmmm

6410.256 Hz
0.195625 Hz
5.1116078
208.43
T78.000
6.50
298.2
00000000 sac

400. 1324DUL

15.00 us
11.20892963 W

Processing parameters

32768
400.1300000 MHz
EM

0
0.30 Hz
0

1.00

Current Dala Paramelers
NAME Fob07-2024-Alex
J EXPNO 10
PROCNO 1
32%
. ‘ F2 - Acquisillon Paramelers
Conversion ‘ Date 20740207
Time 0.2%9 h
INSTRUM avA00
- PROBHD 4104450 0135 (
| | PULPROG T zg30
D 65536
SOLVENT CDCL3
NS 16
I . 9
SWH ©410.256 Hz
? ot s — FIDI 0.195625 Hz
AQ 5.1118078 secc
I T T T I T I T I I I o) 200.43
4.4 4.2 4.0 3.6 3.4 3.2 3.0 2.8 2.6 Pp.4 ppm v 78. nnn
DE: .50
| ‘ L) TE 2660
3 \ 1 1 .ommnnnn sec
<l B = I e
oo ~N p=s e > K01 400. 13240% MHz
i . . B . i NUCH
| o — — ™ PO
Pl -
PLW1 20899963 W
! F2 - Procesaing parameters
51 32768
[ | 5F 400.1300000 MHz
| . WDW EM
| It f ) B 888 0
H‘ r N | LE 0.30 Hz
‘ | | I GB 0
( i ‘ N pe 1.00
i
_ J,._,r__., _,,7,,,»] L,JL L. J‘ "“J! \M...J: — - J‘Jw. " P L PR JJﬂ A
T T T T T T T i T T T T T 1
5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 ppm




Oxidant Screen: MNO,

MnO2 Rxn 1
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Currenl Dala Paramelers
Fab27-2024-Alex
[ EXPNO 10
LOCND
21% | PROCN 1
. - F2 - Aoquisition Paramclers
Conversion Date_ 20240227
Time 14.31 h
INSTRUM av400
FROBHD 4104450 0135 (
PULPROG T ozg30
6553
SOLVENT CDCL3
NS 16
DS 2
o . | . UL ) | / ShH 6410.256 Hz
[ i FIDRES 0.195625 Hz
AD 5.1118078 sec
T T T T T T T T T T T T RG 16.24
4.4 4.2 4.0 3.8 3.6 3.4 3.2 3.0 2.8 2.6 2.4 ppm D 78.000
| DE 6.50
TE 298.2
11 1. 00000000 sec
O ™ [} o DO
ae il 3 S s5FO1 400. 13240& MHz
| . . . NUCT TH
O =l — ™ PO
) Pl 13
PLW1 11. ff}‘i“‘ie‘ 1)
F2 — Processing parameters
[ , 51 32768
/ | [ J 5F 400.1300000 MHz
| | WDW EM
| ! W 558 0
‘ i | LB 0.30 Hz
| . GB 0
il | I P 1.00
i I
I
— N lul‘ Mt L u..u.‘_..l BT T A
T T T T T T T T T T 1
8.5 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 ppm
52 W f ﬁ 7 B2 B [
= =& ™| © ®| (e
e olN =S =3 ol |e
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29th Feb MnO2 Rxn 2

PROTON16.CMDnp CDC13 {C:\Bruker\TopSpin3.6.5} nmrsu 90 m
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WWOWFFNAOCSNNULMMOAN AL N O NOWONOE A NO N0 S @
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Current Data Parameters
NAME Feb29-2024-Alax
9 [ EXPNO 10
286 ‘i‘ PROCNG 1
Conversion \ T2 - Acquisition Paramoters
20240229
! 11.01 h
av400
\— 7104450_0135 (
2130
65536
| SOLVENT CDC13
NS 16
D8 2
Md‘ " H_JLL e SWH 6410.256 Hz
7 7 FLDRES 0.195625 Hz
. ‘ . . ‘ AQ 5.1118078 sec
RG 40.01
4.4 4. 2 . . . . 3.2 3.0 2.8 2.6 2.4 rrm oW 18,000
DE 6.50
L ) L) I 295.2
N/ DL 1.00000000
2l 2 sl s |
2o = o a ; SFO1 400.1324008 MHz
i . . . HuCL 11
=l { = — dl PO 5.00 usec
| Fl 15.00 us
{ PLWL 11.20899963 W
[ F2 - Processing parameters
ST 32768
[ SF 400.1300000 Mz
| wow
| [ | SSB 0
[ i ‘H Iy LB 0.30 Hz
- ‘ ! GB 0
| ’ | Pe 1.00
! AL L) ¢
B | S ST L« ot s ! - aualh ulL VUL VPR | U N A, L

7.0 6.5 6.0 55 5.0 4.5 4.0 3.0 ppm
JU J | I
ﬂ 7 s &g CE
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Oxidant Screen: FeCl;

FeCl3 leq
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Current Dala Paramelers
N,

AME
EXPNO
PROCNO

Fab20-2024-Alex
20

1

F? - Acquisilion Paramelers

Date 2

Time™

INSTRUM

PROBHD #“104450

PULPROG

D

SOLVENT

NS

Ds

SWH 6410.256 Hz
F1DRES 0.195625 Hz
AD 5.1118078 sec
RG 55.93

il T78.000

DE 6.50

TE 298.2

11 1.00000000 sec
TDO 1
SFO1 400.1324008 MHz
NUC1 TH

PO 5.00 u,
Pl 15.00 us
PLW1 11.20892963 W
¥2 - Processing parameters
81 32768

5F 400.1300000 MHz
WDW EM
BEB 0

LB 0.30 Hz
GB 0

PC 1.00

8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0

G Ay ) | |1

W0 (0] = RIE R bR 0|0 (@] (o =)
N(\Eq {Nmm|ulqc_qmww I\_q(o. q‘ -—[ol
[=2{=04 o Qoo mitirv~olo Q| o - ™
Fe Rxn 2
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Current Dala Paramelers

NAME Mar01-2024-Alex
{ EXPNO 20
2
12% f PROCNO 1
. F2 - Acqguisilion Paramelers
Conversion Date 20240301
Time 4.50 h
INSTRUM ava00
PROBHD 4104450 0135 (
PULPROG T zg30
TD 65536
SOLVENT CDC13
NS 16
ns 2
SHH 6410.256 Hz
— - FIDRE 0.195625 Hz
AG >
T T T T T RG
2 3.0 2.8 2.6 2.4 ppm )
DE:
TE
1
oM ™~ ) o TDO
s (03] ™~ o o
mlo — o~ o SFO1
- . - . NuCl
(=3 bl i — ™M PO .
| Pl 15.00 us
f PLW1 11.20899963 W
F2 - Procesaing parameters
51 32768
5F 400.1300000 Mz
WDW EM
| 55B 0
1. I | ) / LB 0.30 Hz
- i f iy lGB 0
n | I "“ | - \I | pC 1.00
I o ' I (
ol _ Dk I L N L '_ﬂ‘ .»‘I;“ A
T T T T T T T i T T T T 1
8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 ppm
| |
| e B2 2
s 2 8 13 &= g8 = 83
~ - -~ -] oo S| - | e




Oxidant Screen: CoCl,

23th Feb CO rxn
PROTON16 CMD@

Currenl Dala Paramel 5
NAME Feb23-2024-Alex
| EXPHO 20
0,
10% ‘I - PROCNO 1
nversion F2 - Acquisilion Paramele
Conversio Date 20240223
Time 13.02 h
NSTRUM avl00
¢ PROBHD 2104450 0135 (
| | PULPROG :
_ I
| SOLVENT
J NS
D
| | SWH
Al
T T T T T T T T T T T RS
4.4 4.2 4.0 [3.8 3.6 3.4 3.2 3.0 2.8 2.6 2.4 ppm D
DE
L [ TE 298.2 K
- / 1 1.00000000 sec
e L I S oo 1
™o = S =) STOL 400.1324008 Miz
- - . | . . NUCT 1
ele — — ] PO 5.00 u
) Pl 15.00 u
( , PLIN 11.20899963 W
f ! J ng parameters
| | 32768
‘ J ar 400.1300000 Mz
WhwW EM
l 558 0
| h i LD 0.30 Hz
f | 1L GB 0
ﬂ { l l ! | PC 1.00
Sl U‘ LT | . L ol .
T | | T T T T T T T T l
8.5 8.0 7. 0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 ppm
MJ j r {7 T | rTK | 5
0o oo fw‘m ‘—‘ o c}
. 2 w_ D. - no ] S| e
ol Qo oo - - M
Co 2 rxn
PROTON16.CMDnp CDC13 {C:\Bruker\TopSpin3.6.5} nmrsu 91
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Current Data Parameters
NAME Fob28-2024-Alax
0 [ EXPNG 20
]
14/’ [ PROCNO 1
Conversion l F2 - Ruoquisilion Paramelers
Date 20240228
Time 12 58 h
- TNSTRUM va00
PEOBLD 2104450 0135 (
[ PULPROG 2g30
D 5536
SOLVENT
NS
| DS
SWH 56 Hz
’ * FIDRES Hz
| sec
T T T T T T T T T T T T s e
4.4 4.2 4.0 .8 3.6 3.4 3.2 3.0 2.8 2.6 2.4 PpEm Dl naec
LE usec
| L 29 K
fn 0 . . - %o 1. ououcucu sec
0 { <t {oe] fe) ——
= = =4 = SFOL 400,1324008 iz
o . . . HucL 111
[ — ™ PO 5.00
I P1 15.00
| PLWL 11.20899963
I
ng parame
327
| SF A00.1300000 MHz
{ | ,, WoW EM
( f 0 ( J’ SSB 0
| If [ LB 0.30 Iz
I | -
i \ GB 0
| | PC 1.00
1 1l ) ‘ |
RS '1’1 ~ I LA
H,w,...‘,,M‘...“.m,l.h‘“v..l,\,“‘..,‘ B A
8.5 7.0 6.5 6.0 55 5.0 4.5 4.0 3.5 3.0 ppm
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Oxidant Screen: NiCl,

NiCl2 Rxn 1
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. Current Dala Paramelers
Feh27-2024-A ex
/ EXPNO 20
PROCND 1
1%
. F? - Acquisilion Paramelers
Conversion Date_ 20240227
Time 14.37 h
INSTRUM ava00
PROBHD  %104450 0135 (
~ - PULPROG T zg30
D 6553
SOLVENT CDCLd
NS 16
{ DS 2
L R _Jl SWH 6410.256 Ha
— FIDRES 0.195625 Hz
AD 5.1118078 sec
T T T T T T T T T T T T e 35.24
4.4 4.2 4.0 |3 3.6 3.4 3.2 3.0 2.8 2.6 2.4 ppm [ 78.000
DE 6.50
| ) L ) T8 296.2
AT | N - - “rﬂ:r oooonnnn sec
Al P B 3 S SFO1 400. 13240& MHz
g . . . NUCT 1H
oo — — ™ PO
[ f 1 Pl 18
( ‘ PLW1 11.20899963 W
I ‘l F2 - Processing parameters
{ sl 32768
SF 400.1300000 MHz
| WDW EM
| | R 0
1 [yl I LB 0.30 Hz
| I a8 0
| ‘ Pe 1.00
I !
N DN
T T T T T T T T 1
6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 ppm
|
FH o s (o
e o e =l
=Ji=] - | |
Ni Rxn 3
TN TN OSOWNOTCDNOANOCEMON O SO TOEWMOE OSOAE WO oM
CFC-COYO0OOWOIFENDODOOoOOO0oOORTFFFNTNODODOC-OMANDNOMAMOGWI~ O W
B e e S R PN (_.X)
Current Dala Paramelers
NAME Mar05-2024-A1ex
I EXPNO 20
PROCNO 1
2%
. F2 - Acqguisilion Paramelers
Conversion Date 20240305
Time 3.29 h
THSTRUM av4no
| PROBHD  7104450_0135 (
B PULPROG 730
) TD 65536
| | SOLVENT €DCL3
NS 16
JL DS 2
k SWH 6410.256 Hz
J— 7 [ S — -
] F1DRE 0.195625 Hz
: ‘ h : ‘ : : : . : : AQ 5.1118078 sec
f R 55.43
4.4 4.2 4.0 3.8 3.6 3.4 3.2 3.0 2.8 2.6 2.4 ppm 5 8. nnn
PR .50
fH_ ) TE 2%.7
N 1 1 .ommnnnn sec
5lz o of |2
ole a - = SFOL 400. 13240& MHzZ
o . . . NuCT
O — — ™ PO
{ Pl E
| | I PLU1 20899963 W
/ /
} ’ ! F2 - Procesaing parameters
| ‘ | 51 32768
i 5T 400.1300000 Mz
| l WOW EM
I ‘ ‘\ 388 0
‘ LR 0.30 Hz
I GB 0
*I‘ Lil 1 ‘u ” | pe 1.00
I
Iy | ‘-l
R S WL, \. R S , . “JJ AL J " L
T T T T T T T il T T T T 1
8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 . ppm
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Oxidant Screen: CuCl,
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Current Data Parameters
Fob23-2024-Alex
| EXPNO 10
PROCNO 1
75%
. F2 - Boquisitlon Paramelers
Conversion Date 20240223
Time 12.56 h
— INSTRUM avdoo
PROBHD  %104450 0135 (
PULPROG 2930
s
SOLVENT
- 2
6410.256 Hz
- —lH - o - = Ea— 0.195625 Hz
| 5.1 it 8 sec
T T T T T T T T T T T T LITIROTY e
4.4 4.2 4.0 3.8 2.6 3.4 3.2 3.0 2.8 2.6 2.4 ppm 78.000 usec
| 6.50 uaec
\ | TE 290.2 K
- D1 1.00000000 sec
(=] o =t g o0 o~ ™ o 1
2 = 3 1 o Z 8FO1 400.1324008 Miz
. . . - - : . NUCL 1H
™ =} i oo =] =} | PO 5.00 uaec
f Pl 15.00 use
PLW1 11.20899963 W
{ ‘ - Processing parameters
! 768
| l I 400.1300000 MHZ
P - ! =
[ I 0
| | I l 1 0.30 Hz
|
f 14 \ | g
| | 1.00
I AR J
_ L o MW . l . . _A,,U-. 1_ |
T T T T T T T T T T T T T |
8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 ppm
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Cu 2 Rxn
PROTON16.CMDnp CDC13 {C:\Bruker\TopSpin3.6.5} nmrsu 90
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Current Data Parameters
90% NAME Feb28-2024-Alex
e FXPNO 10
0
| PROCNO 1
Conversion F2 - Acquisition Parameters
20240228
12.52 h
0 av100
PROBHD ZHM/\.‘:U_EHJ!: (]
PULPROG
™D
SOLVENT
NS
_ swWil
— ’ e — FIORES
T T T E T T T T T T T T T ﬁf’j
4.4 4.2 .0 .8 3.6 3.4 3.2 3.0 2.8 2.6 .4 ppm oW
DE
| TE 298.2 K
m 1.00000000 sec
= ) % THo 1
o | =4 SFOL 400.1324008 MHz
. ‘ , - NUC1 1H
o [ o Po 5.00
| ‘ | f P1 15.00
| LWL 11.20899963
32768
‘ | SF 400.1300000 Milz
WDOW EM
558 0
| LB 0.30 liz
1 | / GB i
|| | | BC 1.00
I bl u“.\l I Lo
DI |V . . D BN B S L
[ T T T T T I T T I T T T T
8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 ppm
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Oxidant Screen: ZnCl,

20th Feb ZnClZ leg
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L I I e e e e el e el el el e e e e e o e ol S el el e el e o el S Ve I R R B e I s W W oo W as W s BN ] C‘>Q
Currenl Dala Paramelers
AME Feb20-2024-Alex
i EXPNO 10
PROCND 1
40% |
. F2 - Acguisilion Paramclers
Conversion Date_ 20240221
Time 10.58 h
INSTRUM av400
| PROBHD  %104450 0135
[ PULPROG -
! SOLVENT oiiled
NS
i i " A
- SHiH 6410.256 Hz
I S L ““‘”“"‘*'“J'*""‘“'" FIDRES 0.195625 Hz
| A 5.1116078 sec
T T T T T T T T T T T T e 209,43
4.4 4.2 4.0 .8 3.6 3.4 3.2 3.0 2.8 2.6 2.4 ppm il 78.000
DE 6.50
L) k ) I T 250.2
\ i1 1.00000000 sec
O w ~ o o DO 1
e et IR 2 = ! SFO1 400.1324008 MHz
N . ' . . NUCT TH
—lo ol |- — ™ a 2 5.00 u
Pl 15.00 us
PLW1 11.2089%963 W
F2 - Processing parameters
s1 32768
| ST 400.1300000 Mz
WDW EM
| ! 558 0
. [ [ LE 0.30 Hz
[ 1 ¢ GB 0
( [ | FC 1.00
g |
_ S el L ll [P 1
T T T T T T T T T T T T T 1
8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 ppm
L)L AT S PN A PR
e]nl ragox—p o{ © fov.o m‘m ‘r-‘ m‘ ‘c o‘
@= Q@@ (N=e Q||| = <2
O M AW
— @0 T 0N O O W s
- 0w MmMmmMmo NN
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Current Data Parameters
NAME Mar05-2024-Alex
! EXPNO 10
49% [ FROCHO 1
!
H - Reguisition Parameters
Conversion { e 20240305
13.22 h
| INSTRUM avano
PROBHD 2104450 0135 (
PULPROG zq30
! 65336
o CDCL3
16
X z
) M) Nt
|
T T T T T T I T T T T T
4.4 4.2 4.0 3.8 3.6 3.4 3.2 3.0 2.8 2.6 2.p ppm
L J | J 298.2 K
. \ 1.00000000 sec
(R[] o @© o 1
o e~ a ® o 400.1324008 Mz
| — — =] 1H
il — - " 5.00 uzec
15.00 usec
I 1.20B89963 W
| i F2 - Processing parameters
a1 32768
SF 400.1300538 MHz
! WOW M
SSB 0
LB 0.30 Hz
| W GB a
il \H | [ | rC 1.00
I
I _Jﬂ !
I
—— w,d'm.u., .. {_ P O L NP
T T T T T T T T T T T T T 1
8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 ppm
J U\ JIV) WL || [
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Copper Salts: CuSO,

PULPROG

Cusc4 rxn 1
nMmMAmMWMLE| NOM@T-C-0T0ATO 0O H0OW A0 ANNNDOWM T O NN
DO OXRDTOWLOTITOHMNMMMNADONNM AN AR-MM HO N T O 0o
LﬁLﬁL’)Lf‘rqr‘l“-E\-E\-l‘\-kD\Q\D\Dmmmml’")mmm’WMNNNNNNC\INNHHHHH&F\H@@OHBRUKER
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Current Dala Paramelers
NAME Mar08-2024-Aex
“ EXPNO 10
PROCND 1
61% [
. | F2 - Acquisilion Paramclers
Conversion Date_ 20240308
Time 12.14 h
INSTRUM ava00
| PROBHD 4104450 0135
|

6410.256 Hz
0.195625 Hz

|
. k“MJ#JKJQL_‘_JLJDEQM;#LM

AQ 5.1118078 sec
T T T T T T T T T T v 104.12
4.4 4. . 3.6 3.4 3.2 3.0 2.8 2.6 2.4 ppm Y] 78.000

1.00

L U |

DE 6.50
[ T 296.2
\D / - - i1 1.00000000 sec
= - = DO 1
= ol ! Y BFO1 400.1324008 MHz
. . . NUCT 1H
™ A o 2 5.00 u
Pl 15.00 u=
i’ PLW1 11.20899963 W
! F2 - Processing parameters
| 1 s1 32768
I ST 400.1300429 Miz
| WDW EM
b1 558 0
| |y (e LB 0.30 Hz
il V 0

8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 ppm
r_] UL ) |l |

Nrrca {mwmr—ow‘n [r- o| ) (a:

S|ew b ] ot e D ] O = @ <

—oo QLirigir(idi— (=] Lo - (=]
CuSo4 rxn 2
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r\[\\.ot.omcocoaacq[\r\[\r\mmw‘w'q'trﬂ‘ﬂ'vw‘mmmmmmmrﬂNNNNNNNNmN[\ﬁO‘\BRUKER
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T S R R S )

Current Dala Paramelers
NAME Marl2-2024-Alex
EXPNO 10

66% PROCNO 1

- F2 - Acquisilion Paramelers
Conversion Date 20240312
Time 10.47 h
~ INSTRUM av400
PROBHD A104450 0135 (
PULPROG = zg30
65536
cDCL3d
16

2
6410.256 Hz
0.195625 Hz

0 2.8 2.6 2.4 ppm
|
| /
[=] [=] o [t ™ |~ i
=] ) |t <t =1 | o
=) ) —[en o s SFOL
. . Nk - NUCT
™ — oo oo P 3
Pl 15.00 us
. PLW1 11.20899963 W
| ; F2 - Procesaing parameters
{ 81 32768
5F 400.1300000 MHz
WDW EM
) 388 0
LB 0.30 Hz
I GB 0
“ l‘, pe 1.00
F \ |
__JLL-.\_ l"w_,_t,\Lw’L«_J. . .Jm_J'-_ P
T T T T T T T ™ T T T T T 1
8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 ppm
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Copper Salts: Cu(OAc),

7.238
7.234
7.222
7.185
L6.884
4.273
4.013
3.934
3.764
3.575
3.233

-
=
—
laal

——

2.916
2.889

(>

Currenl Dala Paramslers
Mar08-2024-Aex
i EXPNO 30
PROCND 1
87% |
. F2 - Ac qulslliun Paranctors
Conversion Date_ 240308
Time 13.26 h
e INSTRUM av400
i | PROBHD  %104450 0135 (
PULPROG 730
| 6552
{ cDC13
{ 16
2
6410.256 Ha
B, S | 0.195625 Hz
T T T i T T T T T T T T < "“ig‘f]? see
4.4 4.2 4.0 .8 3.6 3.4 3.2 3.0 2.8 2.6 2.4 ppm [ 78.000
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Copper Salts: 0.5 eq CuCl,

0.5eg Cu rxn 1
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Copper Salts: 0.25eq. CuCl,
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Absorbance

Absorbance

UV/Vis Assays
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LC-MS Studies
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Limit of Detection (LoD) Assays

The method reported by Lee et al was used to calculate limit of detection (LoD) for P2 in
MeCN using the indicated cation with the average from three replicates used.

B. P. Joshi, J. Park, W. |. Lee and K.-H. Lee, Talanta, 2009, 78, 90.
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