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General Information

NMR spectra of new compounds 6, 7c—f were recorded on a spectrometer Bruker Avance 600
(600 MHz), of compounds 4, 5, 7a, 7b on a spectrometer Varian Unity-300 (300 MHz) in DMSO-ds.
Chemical shifts of nuclei 'H and *C were measured relatively the residual signals of deuterated solvent
(see 0 values in Ref. [S1]). Coupling constants (J) are reported in Hz. Melting points were determined
by using Fisher-Johns Melting Point Apparatus (Fisher Scientific) and are uncorrected. Elemental
analysis was performed using a EuroEA 3000 analyzer by burning a portion of the sample in an oxygen
flow followed by chromatography of the combustion gases. ESI mass spectra for compounds 5,6 were
registered on a Agilent 6470 device. The reaction and purity of the obtained compounds were monitored
by TLC (plates with Al,Os3 III activity grade, eluent CHCI3, development of TLC plates by exposition
to iodine vapors in iodine chamber).

Quantum-chemical calculations were performed using quantum chemical program packages
Gaussian 09 [S2] and Firefly 8.0 [S3], which is partially based on the GAMESS (US) source code [S4]
at the DFT level of theory (B3LYP/6-311++G™).

Starting compounds 2 and 3 are commercially available from TCI Shanghai (China) and

Chemieliva Pharmaceutical (China), respectively.
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https://scifinder-n.cas.org/navigate/?appId=92f707b4-aafe-4de9-af02-54d40bdef60c&backKey=65f80d5b3649381e40ced0a6&backToPage=1&key=65f80d5b3649381e40ced0a6&metricsOrdinal=60&metricsResultType=catalogItem&ordinal=60&resultView=detail&sortBy=supplier_purity_category&sortOrder=descending&state=searchDetail.catalogItem&uiContext=367&uiSubContext=551&uriForDetails=5d0a4a45-0fd6-4780-9272-2279b5ee734b

2. Synthesis and characterization of compounds 4-7.

The general scheme:
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7: R=MeO (a), PhS (b), H,NNH (¢), 4-Me-piperidinino (d), morpholino (e),
4-Ph-piperazino (f)
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Reagents and conditions: i, K,COs, 60°C, 3 h; ii, Fe, HCI, reflux, 2 h; iii, POCIs, 100 °C, 40 min;

iv, for 7a: Na, MeOH, reflux, 1 h, for 7b: Na, EtOH, PhSH, reflux, 10 min, for 7¢: NoH+H>O, EtOH, reflux,

1 h, for 7d: 4-methylpiperidine, MeO(CH>),OH, reflux, 4 h, for 7e: morpholine, MeO(CH,),OH, reflux, 1,5 h,
for 7f: 4-Ph-piperazine, tetramethylurea, reflux, 4 h

6-Chloro-2-(3-nitropyridin-2-yl)pyridazin-3(2H)-one (4).

A mixture of 15.8 g (0.1 mol) of chloropyridazinone 2 and chloronitropyridine 3 with 15 g of
K>2COs in 50 ml of DMF was heated at 60°C for 1 h with stirring and kept at this temperature for 2 h.
The mixture was poured into 250 ml of H20, and the precipitate of N-heteroaryl derivative 4 was filtered
off and washed with water (3%20 ml). Yield of 4 16.9 g (67%), mp 176-178°C (EtOH). IR spectrum
(powder), v, cm™: 1602 s (C=0), 1585 s (C=N), 1534 s (C=N). '"H NMR (300 MHz), §, ppm: 7.24 (d, J
9.8, 1H, H-5), 7.78 (d, J 9.9, 1H, H-4), 7.92 (dd, J 8.2, 4.7, 1H, H-5"), 8.70 (dd, J 8.1, 1.6, 1H, H-4"),
8.97 (dd, J 4.8, 1.6, 1H, H-6"). Found, %: C 42.71; H 1.92; C1 14.18; N 22.12. CoHsCIN4Os. Calcd., %:
C 42.79; H 2.00; CI 14.03; N 22.18.
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2-(3-Aminopyridin-2-yl)-6-chloropyridazin-3(2 H)-one (5).

A suspension of 8 g of powdered Fe metal in 100 ml EtOH and 2 ml of conc. HCI was boiled with
vigorous stirring for 1 h with portionwise addition of 2.53 g (10 mmol) of pyridazinone 4, and then the
mixture was boiled for another 2 h. The hot reaction mixture was filtered from excess of Fe, the filtrate
was evaporated with a water bath to 20 ml volume, and 75 ml of water was added. The resulting crystals
of amine 5 were filtered off and washed with water (3x5 ml). Yield 1.56 g (70%), mp 175-176°C (EtOAc
: EtOH, 1:1). IR spectrum (powder), v, cm™': 3408 m (NHz), 3329 m (NH>), 1660 s (C=0), 1577s (C=N).
'H NMR (300 MHz), 8, ppm: 5.51 (s, 2H, NH>), 7.14 (d, J 9.7, 1H, H-5), 7.16-7.24 (m, 2H, H-4', H-5"),
7.62 (d,J 9.8, 1H, H-4), 7.67 (dd, J 4.8, 1.8, 1H, H-6"). HRMS (ESI): m/z [M+H]" caled for CoH;CIN4O
223.63; found: 223.07.

2-Chloropyrido[3',2':4,5]imidazo[1,2-b]pyridazine (6).

6 5
7 N
= ‘ N 4
8l

N 3
o 10\_ 4
1
1
A mixture of 2.05 g (0.01 mmol) of pyridazinone 5 and 12 ml of POCIl; was kept for 40 min at

100°C, then cooled, carefully poured into 120 ml of H>O and after decomposition of excess of POCIl3
at room temperature, it was neutralized with a solution of NH4OH to pH 7-8. The resulting precipitate
of chloro derivative 6 was filtered off and washed with water (5%3 ml). Yield 1.78 g (87%), mp. 242-
244°C (EtOAc : EtOH, 1:1). IR spectrum (powder), v, cm™': 1577 w (C=N), 1523 m (C=N), 1468 m
(C=N). 'H NMR (600 MHz), 3, ppm: 7.66 (1 H, dd, J 8.3, 4.5, 7-H), 7.71 (1 H, d, J 9.7, 3-H), 8.36 (1
H,d,J9.7,4-H), 8.39 (1 H, dd, J 8.3, 1.4, 6-H), 8.65 (1 H, dd, J 4.5, 1.4, 8-H). 3C NMR (600 MHz),
o, ppm: 122.8, 126.2, 129.3, 129.6, 135.8, 141.9, 142.2, 145.6, 146.3. Mass-spectrum (ESI): m/z
[M+H]": caled for CoHsCIN4 205.62; found: 205.08.
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2-Methoxypyrido[3',2':4,5]imidazo[1,2-b]|pyridazine (7a).
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To a solution of 0.23 g (0.01 mol) Na in 10 ml MeOH, 2.05 g (0.01 mol) of
chloropyridoimidazopyridazine 6 was added, and this was boiled for 1 h. The reaction mixture was
filtered, and the filtrate was evaporated to dryness in vacuum. Yield 1.88 g (94%), m.p. 154-155°C
(EtOAc). IR spectrum (powder), v, cm™: 1576 m (C=N), 1496 m (C=N), 1496 w (C=N). '"H NMR (300
MHz), 3, ppm: 4.05 (s, 3H, MeO), 7.30 (d, /9.8, 1H, H-3), 7.54 (dd, J 8.3, 4.6, 1H, H-7), 8.19 (d, J 9.9,
1H, H-4), 8.29 (dd, J 8.2, 1.5, 1H, H-6), 8.55 (dd, J 4.5, 1.5, 1H, H-8). Found, %: C 59.88; H 3.92; N
27.91. C10HsgN4O. Calcd., %: C 59.99; H 4.03; N 27.99.

2-(Phenylthio)pyrido[3',2':4,5]imidazo[1,2-b]pyridazine (7b).
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To a solution of 0.23 g (0.01 mol) Na in 150 ml EtOH, 1.10 g (0.01 mol) thiophenol was added
followed by 2.05 g (0.01 mol) of chloropyridoimidazopyridazine 6. The reaction mixture was boiled for
10 min, diluted with 50 ml of water, and phenylthio derivative 6b was filtered off. Yield 2.11 g (76%),
mp. 108-109°C (cyclohexane). IR spectrum (powder), v, cm™: 1575 m (C=N), 1526 m (C=N), 1319 s
(CS). 'H NMR (300 MHz), 5, ppm: 7.30 (d, J 9.7, 1H, H-3), 7.51-7.55 (m, 3H, H-3' — H-5"), 7.60 (dd, J
8.3, 4.5, 1H, H-7), 7.68-7.71 (m, 2H, H-2',6"), 8.17 (d, J 9.8, 1H, H-4), 8.33 (dd, J 8.2, 1.4, 1H, H-6),
8.57 (dd, J 4.6, 1.4, 1H, H-8). Found, %: C 64.65; H 3.54; N 20.07; S 11.59. C15sH10N4S. Calcd., %: C
64.73; H3.62; N 20.13; S 11.52

2-Hydrazinopyrido[3',2':4,5]imidazo[1,2-b]|pyridazine (7c).
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A solution of 0.41 g (0.002 mol) chloropyridoimidazopyridazine 6 and 1 ml of hydrazine hydrate
in 10 ml of EtOH was boiled for 1 h, evaporated to dryness in a water bath, the residue is treated with 5
ml of water, the reaction product is filtered off and washed with water (3%3 ml). Yield 0.31 g (78%),
mp. 276-277°C (MeCN). IR spectrum (powder), v, cm™: 3298 m (NHz), 3262 m (NH), 1587 s (C=N),
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1503 s (C=N). 'H NMR (600 MHz), 5, ppm: 4.37 (s, 2H, NHa), 7.10 (d, J 9.8, 1H, H-3), 7.42 (dd, J 8.2,
4.5, 1H, H-7), 7.90 (d, J 9.9, 1H, H-4), 8.18 (dd, J 8.2, 1.4, 1H, H-6), 8.29 (s, 1H, NH), 8.45 (dd, J 4.5,
1.4, 1H, H-8). 13C NMR (600 MHz), 5, ppm: 118.72, 119.87, 126.18, 127.63, 134.44, 141.92, 142.12,
143.30, 155.06. Found, %: C 53.92; H 4.00; N 41.91. CoHgNs. Caled., %: C 53.99; H 4.03; N 41.98.

2-(4-Methylpiperidin-1-yl)pyrido[3',2':4,5]imidazo[1,2-b]pyridazine hydroperchlorate

(7d-HCIOx).
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A mixture of 0.41 g (0.002 mol) chloropyridoimidazopyridazine 6, 2 ml of 4-methylpiperidine and
4 ml of 2-methoxyethanol was boiled for 4 h, 15 ml of water was added, the solid was filtered off and
washed with water (3%3 ml). Yield 0.38 g (71%). To convert it into hydroperchlorate, a solution of the
base in EtOH was treated with equimolar amount of 60% HCIO4, the salt was filtered off, washed with
water, mp. 237-238°C (EtOH). IR spectrum (powder), v, cm™: 1578 m (C=N), 1498 m (C=N). 'H NMR
(600 MHz), 8, ppm: 0.94 (d, J 6.5, 3H, Me), 1.23 (m, 2H, H-3',5"-ax), 1.70-1.73 (m, 1H, H-4"), 1.78 (d,
J12.9, 2H, H-3',5"-eq), 3.07 (t, J 12.1, 2H, H-2',6"-ax), 4.35 (d, J 13.2, 2H, H-2',6'-eq), 7.76 (dd, J 8.3,
4.6, 1H, H-7), 8.06 (d, J 10.2, 1H, H-3), 8.25 (d, J 10.2, 1H, H-4), 8.40 (d, J 8.2, 1H, H-6), 8.71 (d, J
4.6, 1H, H-8), 9.33 (s, 1H, NH). *C NMR (600 MHz), §, ppm: 21.50, 30.05, 33.04, 45.58, 122.51,
122.69, 123.42, 124.58, 126.14, 137.85, 139.82, 145.98, 154.99. Found, %: C 48.90; H 4.86; C19.76; N
18.62. CisH17Ns"HClO4. Calcd., %: C 48.98; H 4.93; C1 9.64; N 19.04.

2-(Morpholin-4-yl)pyrido[3',2':4,5]imidazo[1,2-b]pyridazine dihydrosulfate (7e-H2SOx).

A mixture of 2.05 g (0.01 mol) of chloropyridoimidazopyridazine 6, 1.74 g, 1.72 ml (0.02 mol) of
morpholine in 8 ml of 2-methoxyethanol was boiled for 1.5 h and diluted 20 ml of water. Sodium
bicarbonate (1 g) was added, the mixture was extracted with 15 ml of CHCls, the extract was dried with
NazSO4 and evaporated to dryness to afford 1.81 g (71%) of free base 7e. To convert the base to

dihydrosulfate, its solution in EtOH was treated with sulfuric acid until a weakly acidic reaction, the salt
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was filtered and washed with water, mp 234-236°C (EtOH). IR spectrum (powder), v, cm': 1608 m
(C=N), 1578 m (C=N). '"H NMR (600 MHz), §, ppm: 3.59-3.68 (m, 4H, H-3",5"), 3.77(dd, 4H, H-2',6"),
7.70 (dd, 1H, J 8.3, 4.6, H-7), 7.97 (d, J 10.2, 1H, H-3), 8.16 (br s, 2H, 2N"H), 8.30 (d, J 10.2, 1H, H-
4), 8.38 (dd, 1H, J 8.3, 1.4, H-6), 8.66 (dd, J 4.6, 1.4, 1H, H-8). Found, %: C 44.16; H 4.23; N 19.80; S
9.20. C13H13N50'H2S04. Caled., %: C 44.19; H 4.28; N 19.82; S 9.07

2-(4-Phenylpiperazin-1-yl)pyrido[3',2':4,5]imidazo[1,2-b]pyridazine dihydrobromide (7f-2HBr).
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A solution of 0.41 g (0.002 mol) of chloropyridoimidazopyridazine 6 and 0.65 g (0.004 mol) of 1-
phenylpiperazine in 6 ml of tetramethylurea was boiled for 4 h. After cooling, the reaction mixture was
poured into 15 ml of H>O, the precipitate of free amine 7f was filtered off, washed with water (3x3 ml)
and dried. Yield 0.54 g (82%). To convert it into dihydrobromide, a solution of the base in EtOH was
treated with conc. HBr and the precipitated salt was filtered off and washed with water, mp 225-226°C
(EtOH). IR spectrum (powder), v, cm™': 3478 w ("NH), 3443 w (‘"NH), 1573 s (C=N), 1485 s (C=N). 'H
NMR (600 MHz), 8, ppm: 3.56 (t, J 5.2, 4H, H-2',6"), 4.04 (t, J 5.2, 4H, H-3",5"), 7.05-7.13 (m, 1H, H-
4"), 7.36-7.39 (m, 4H, H-2", 3", 5", 6"), 7.50 (br s, 2H, 2'NH), 7.81 (dd, J 8.3, 4.6, 1H, H-7), 8.24 (d, J
10.2, 1H, H-3), 8.45 (d, J 10.1, 1H, H-4), 8.48 (d, J 8.3, 1H, H-6), 8.75 (dd, J 4.6, 1.5, 1H, H-8). 1*C
NMR (600 MHz), 8, ppm: 44.29, 44.76, 47.73, 49.90, 117.83, 117.95, 122.74, 122.94, 123.77, 124.62,
125.79, 129.37,131.60, 137.93, 139.66, 146.29, 155.14. Found, %: C 46.31; H 4.06; Br 32.55; N 17.02.
Ci9H18Ng-2HBr. Caled., %: C 46.36; H 4.10; Br 32.47; N 17.07.
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Quantum chemical data (B3LYP/6-311++G*¥)
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Figure S1. Molecule of tricycle 1. Here and below, the numbers indicate bond lengths (A) and atomic

Eior=-565.691611637
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-2.809033000
-3.312528000
-2.449032000
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-0.709372000
-1.078072000
0.678072000
1.054054000
0.018816000
1.501108000

-1.183437000
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1.219619000

-1.491501000
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1.758232000
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charges (APT), respectively.
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0.000072000
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2.231365000

-0.000006000
0.000104000
0.000114000
0.000115000
0.000091000
-0.000020000
-0.000048000
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0.000125000
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Figure S2. Chloroderivative 6 and its LUMO; light brown color corresponds to a positive sign of the
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wave function, and purple color corresponds to a negative sign

E=-1025.31148626 A.U.
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-3.903903000
-3.378762000
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0.061946000
-1.159677000
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Figure S3. 1H-Protonated form of tricycle 1.
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-1.109863000
-3.467141000
-4.366913000
-2.753584000
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-1.143485000
0.176089000
1.239383000
-2.051226000
0.244005000
2.234533000
-2.328147000
-2.012460000
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2.267597000

0.000017000
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0.000019000
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0.000051000
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Figure S4. SH-Protonated form of tricycle 1

Eir=-566.064423743
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-0.000008000
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1.482380000
2.767402000
3.319124000
2.484629000
-3.464870000
-4.405610000
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0.047134000
3.404565000
4.394479000
2.848668000

-1.486565000
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Figure SS.
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E= -566.062643792 A.U.

symmetry cl
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Figure S6. Chloro derivative 6

Er=-1025.31148626 A.U.
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Figure S7. 1H-Protonated form of chloro derivative 6.
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Figure S8. 5H-Protonated form of chloro derivative 6.
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Figure S9. 9H-Protonated form of chloro derivative 6.
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Er=-1025.67858847 A.U. N 1.175914000 -0.794166000 -0.000055000
symmetry cl C 2.316044000 -0.168713000 -0.000154000
C  -3.096052000 -1.686524000  0.000013000 C 2468903000 1.265488000  0.000024000
C  -3.900497000 -0.554473000 -0.000011000 C 1.369785000  2.067252000  0.000026000
C  -3.350281000  0.730826000  0.000035000 Cl  3.730939000 -1.151762000  0.000016000
N -1.745585000 -1.569772000  0.000011000 H -3.489018000 -2.693529000 -0.000009000
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C -1.958651000  0.849182000 -0.000015000 H -3.979969000 1.612605000  0.000028000
N 0.104143000  0.034263000  0.000132000 H -1.149428000 -2.394449000  0.000020000
C 0.088898000  1.449450000 -0.000025000 H 3.469269000 1.676961000  0.000203000
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Figure S10. Meisenheimer o-complex 9 between chloro derivative 6 and MeO™ anion.
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Eor=-1140.49744278, Ai=-153.9 cm’!

symmetry cl
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Figure S11. Transition state TS1 formed in the system 6 — MeO .
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Ei=-1140.57802900 A.U.
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Figure S12. The weak complex between methoxy derivative 7a and chloride ion formed from
transition state TS1
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Figure S13. The starting reactant complex 6-'MeS™ from which transition state TS2 is formed.

Eit = -1463.50996812 A.U.
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Figure S14. Transition state TS2 formed in the system 6 — MeS .
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symmetry cl, £ =-1463.49683586 a.u.,

Ai =-145 cm’!
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Figure S15. Complex of reaction products in the system 6 — MeS-

Ew= -1463.56126236 A.U.
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3. NMR Spectra of compounds 4-7.
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3(2H)-one (5).
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2-Methoxypyrido[3',2':4,5]imidazo[1,2-b]pyridazine (7a).
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2-Hydrazinylpyrido[3',2':4,5]imidazo[1,2-b]pyridazine (7c).
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hydroperchlorate (7d-HCIO4).

e

dazo[1,2-b]pyridazi

imi

-1-yl)pyrido[3',2":4,5]i

iperidin

2-(4-Methylp

€60
S6°0
or'T
Lt
81T
61T
02T

T
wT
[xas
LT
LT
7t
wurn
wur
€LT
€LT
vLT
9UT
LT
6L°T
6L°T
OSWa 6¥°C
OSWa 6+'C
OSWa 6v°C

N T

v0'€
S0’
L0°€
L0°€
60'€
60°€

ver
PEY
SEY
9y
LEY

LEY

N\

scL
oL
oL
e
Sog
108
EPAN
8e8
ors
'8
o>

LA

€€'6

6T

b

60z [

6EC

)

WMmm.ﬁ

L

B
E
00'T
E
U Mlmm.o
L *
=
680

Wmh.c r

00 |

660

7'0 6'5 6’0 515 510 415 40 35 310 25 210 175 170 05 7 ppm

7'5

1ifo " 145 T 100 T 95 9'0

115 7

S31



0S°1C

S0°0€ ./.

0'€E ./.
OSWa 0T°6€
OSWa ¥Z'6€

OSWQ ££°6€
OSWQ TS°6€

! v Aol o1

d gl L}

W

el

OSWa 59°6€
OSWA 6£°6€
OSWQ €6°6€

85°St

57T\
69721
weet /-
ssver S

v1°9CT

S8LET
8'6ET

86°ShT

66'vST

»

e bl e
Lty

™

I’

i

TTTTI

L

VPV

wM* PR

TR

10

160

110

130

130

140

150

160

170

180

b0

ppm

S32



2-(Morpholin-4-yl)pyrido[3',2':4,5]imidazo[1,2-b]pyridazine dihydrosulfate (7e-H2SOx).

mmmmmmmmmmmmmmmm

mmmmmmm

2.50 DMSO
2.49 DMSO
2.48 DMSO

L

2.47 DMSO

=

e
g ;

o e
i T T
8 58388 8 a &
S 3288 S 3 a
05 ~ 100 95 90 ~ 85 80 75 70 65 60 55 50 45 a0 35 7’5 10

S33



2-(4-Phenylpiperazin-1-yl)pyrido[3',2':4,5]imidazo[1,2-b]pyridazine dihydrobromide (7f-2HBr).
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