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1. General information

General information. Unless otherwise stated, all starting chemicals were commercially available and were
used as received. The starting compounds 1 were prepared to a procedure described in the literature!. NMR
spectra were recorded with Bruker AM 300 (300 MHz), Bruker Fourier 300 HD (300 MHz), Bruker Avance
Neo 300 (300 MHz), Bruker AV 400 (400 MHz), and Bruker DRX 500 (500 MHz) in DMSO-ds. Chemical
shifts (ppm) are given relative to solvents signals DMSO-dg: 2.50 ppm, CDCls: 7.26 ppm (*H NMR), 39.52
ppm and 77.16 ppm respectively (3*C NMR). High-resolution mass spectra (HRMS) were obtained on a
Bruker micrOTOF Il instrument using electrospray ionization (ESI). The melting points were determined on
a Kofler hot stage. Magnetic stirrer IKA C-MAG HS 7 was used for the reactions that require heating. UV/Vis
absorption spectra were recorded on a spectrometer Agilent Cary 60 UV-Vis. Fluorescence spectra were
recorded on an Agilent Cary Eclipse Fluorescence Spectrometer. The experimental measurements were
performed at ambient temperature in the presence of air in 1.0 cm quartz cuvettes in acetonitrile solution. The
irradiation was carried out using a 6W Vilber Lourmat (France) UV-lamps model VL-6.LC (A = 365 nm).
General procedure for the synthesis of compound 2.
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A mixture of compound 1 (1 mmol), arylglyoxal 3 (1.2 mmol) in AcOH (5 ml) was refluxed for 2 h. Then the
resulting solution was evaporated in vacuo, and the residue was recrystallized from EtOH (3 ml). The obtained
product was filtered off and washed with EtOH (3 x 2 ml).

Experimental procedure for the synthesis of compound 4.
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A mixture of compound 1a (1 mmol, 0.27 g), (4-methoxyphenyl)glyoxal 3a (1.2 mmol, 0.22 g) and AcOH
(2.1 mmol, 0.07 g) in MeCN (5 ml) was refluxed for 1 h. Then the resulting solution was evaporated in vacuo,
and the residue was recrystallized from EtOH (3 ml). The obtained product was filtered off and washed with
EtOH (3 x 2 ml).

Experimental procedure for the synthesis of compound 2a from compound 4.

1 Komogortsev A.N., Lichitsky B.V., Tretyakov A.D., Fakhrutdinov A.N., Dudinov A.A., Krayushkin M.M J Heterocyclic Chem. 2019;
56: 3081-3087.
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The solution of compound 4 (1 mmol, 0.44 g) in AcOH (5 ml) was refluxed for 1 h. The resulting solution
was evaporated in vacuo and the residue was recrystallized from EtOH (2 ml). The resulting precipitate was
filtered off and washed with EtOH (3 x 2 ml).

General procedure for the synthesis of compound 5.
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The mixture of compound 2 (0.5 mmol) and hydrazine hydrate (2 mmol, 0.1 g) in AcOH (5 ml) was refluxed
for 2 h. The resulting solution was evaporated in vacuo and the residue was recrystallized from EtOH (2 ml).
The resulting precipitate was filtered off and washed with EtOH (3 x 2 ml).

Experimental procedure for the synthesis of compound 6.
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A mixture of compound 5a (1 mmol, 0.42 g), K2COsz (3 mmol, 0.41 g) and Mel (3 mmol, 0.43 g) in DMF (6
ml) was stirred for 10 h. The resulting solution was evaporated in vacuo and H2O (20 ml) was added to
obtained residue. The resulting precipitate was filtered off and washed with H>O (3 x 5 ml).

Experimental procedure for the synthesis of compound 8.
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A mixture of compound 2a (1 mmol, 0.42 g), K.COs (3 mmol, 0.41 g) and Mel (3 mmol, 0.43 g) in DMF (6
ml) was stirred for 10 h. The resulting solution was evaporated in vacuo and H>O (20 ml) was added to
obtained residue. The resulting precipitate was filtered off and washed with H>O (3 x 5 ml).

Experimental procedure for the synthesis of compound 6 from compound 8.
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The mixture of compound 8 (0.5 mmol, 0.14 g) and hydrazine hydrate (2 mmol, 0.1 g) in AcOH (5 ml) was
refluxed for 2 h. The resulting solution was evaporated in vacuo and the residue was recrystallized from EtOH
(2 ml). The resulting precipitate was filtered off and washed with EtOH (3 x 2 ml).

Experimental procedure for the synthesis of compound 7a from compound 6.
OMe OMe

OMe OMe
A solution of compound 6 (0.5 mmol, 0.22 g) in DMSO (10 ml) was irradiated in common glassware with a
Vilber Lourmat VL-6.LM (365 nm, 6 W) for 24 h. The corresponding photoproduct was filtered off and
washed with acetone (3 x 15 ml).

General procedure for the synthesis of compounds 9
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The mixture of compound 7 (1 mmol) and corresponding acyl chloride (2 mmol) in MeCN (6 ml) was refluxed
for 3 h. Then the resulting solution was evaporated in vacuo and the residue was triturated with Et20.

General procedure for the synthesis of photoproducts 7

A =365 nm

—_—

DMSO, 6 h

7

Ar?

A solution of compound 9 (0.5 mmol) in DMSO (10 ml) was irradiated in common glassware with a Vilber
Lourmat VL-6.LM (365 nm, 6 W) for 6 h. The precipitated photoproduct was filtered off and washed with
acetone (3 x 15 ml).



2. Characterization data of compounds 2

(2)-2-(3-hydroxy-6-methyl-4-oxo0-4H-pyran-2-yl)-1,4-bis(4-methoxyphenyl)but-2-ene-1,4-dione (2a).

Yellow powder; yield 73% (0.31 g); m.p. 181-183°C. *H NMR (300 MHz, DMSO-ds) & 10.29 (s, 1H), 7.98
(s, 1H), 7.93 (d, J = 8.6 Hz, 2H), 7.79 (d, J = 8.4 Hz, 2H), 7.07 (d, J = 8.5 Hz, 2H), 6.98 (d, J = 8.4 Hz, 2H),
6.32 (s, 1H), 3.85 (s, 3H), 3.80 (s, 3H), 2.26 (s, 3H). 13C NMR (125 MHz, DMSO-ds) § 191.78, 186.59, 173.85,
165.80, 163.67, 162.94, 145.10, 144.73, 141.42, 131.02, 130.92, 130.21, 129.82, 129.64, 124.30, 114.29,
113.92, 110.97, 55.68, 55.50, 19.41. HRMS (ESI-TOF) m/z: Calcd for C24H2:07 [M+H]* 421.1282; Found:
421.1280.
(2)-2-(3-hydroxy-6-methyl-4-oxo-4H-pyran-2-yl)-1-(4-methoxyphenyl)-4-(p-tolyl)but-2-ene-1,4-dione (2b).
Yellow powder; yield 71% (0.29 g); m.p. 176-178°C. 'H NMR (300 MHz, DMSO-ds) & 10.35 (s, 1H), 7.98
(s, 1H), 7.91-7.76 (m, 4H), 7.35 (d, J = 7.9 Hz, 2H), 6.99 (d, J = 8.4 Hz, 2H), 6.33 (s, 1H), 3.80 (s, 3H), 2.38
(s, 3H), 2.27 (s, 3H). 13C NMR (75 MHz, DMSO-ds) & 191.6, 187.8, 173.8, 165.8, 162.9, 145.2, 145.1, 144.3,
141.3, 134.4, 130.2, 129.5, 128.5, 124.2, 113.9, 110.9, 55.5, 21.2, 19.4. HRMS (ESI-TOF) m/z: Calcd for
C24H2106 [M+H]" 405.1333; Found: 405.1339.
(2)-2-(3-hydroxy-6-methyl-4-oxo-4H-pyran-2-yl)-1-(4-methoxyphenyl)-4-phenylbut-2-ene-1,4-dione (2c).
Yellow powder; yield 68% (0.27 g); m.p. 187-189°C. *H NMR (300 MHz, DMSO-ds) & 10.39 (s, 1H), 8.00
(s, 1H), 7.97 - 7.91 (m, 2H), 7.87 — 7.76 (m, 2H), 7.67 (t, J = 7.3 Hz, 1H), 7.55 (t, J = 7.5 Hz, 2H), 7.05 - 6.94
(m, 2H), 6.33 (s, 1H), 3.80 (s, 3H), 2.27 (s, 3H). C NMR (75 MHz, DMSO-ds) & 191.54, 188.36, 173.77,
165.79, 162.97, 145.27, 141.19, 136.83, 133.70, 130.20, 129.45, 128.97, 128.34, 123.99, 113.91, 110.92,
55.46, 19.35. HRMS (ESI-TOF) m/z: Calcd for C22H1906 [M+H]" 391.1176; Found: 391.1180.
(2)-4-(4-bromophenyl)-2-(3-hydroxy-6-methyl-4-oxo-4H-pyran-2-yl)-1-(4-methoxyphenyl)but-2-ene-1,4-
dione (2d).

Yellow powder; yield 78% (0.37 g); m.p. 172-174°C. *H NMR (300 MHz, DMSO-ds) & 10.43 (s, 1H), 7.94
(s, 1H), 7.87 (d, J=8.3 Hz, 2H), 7.83 - 7.73 (m, 4H), 6.99 (d, J = 8.5 Hz, 2H), 6.34 (s, 1H), 3.80 (s, 3H), 2.28
(s, 3H). *C NMR (75 MHz, DMSO-dg)  173.6, 165.1, 160.1, 156.5, 156.3, 143.4, 142.7, 135.4, 130.3, 129.6,
129.2, 128.1, 126.9, 124.8, 113.8, 111.6, 55.3, 19.0. HRMS (ESI-TOF) m/z: Calcd for C23H1sBrOs [M+H]*
469.0281; Found: 469.0287.
(2)-2-(3-hydroxy-6-methyl-4-oxo0-4H-pyran-2-yl)-4-(4-methoxyphenyl)-1-phenylbut-2-ene-1,4-dione (2e).
Yellow powder; yield 69% (0.27 g); m.p. 194-196°C. *H NMR (300 MHz, DMSO-ds) & 10.37 (s, 1H), 8.01
(s, 1H), 7.94 (d, J = 8.4 Hz, 2H), 7.84 (d, J = 7.6 Hz, 2H), 7.62 — 7.52 (m, 1H), 7.52 — 7.41 (m, 2H), 7.06 (d,
J=8.4 Hz, 2H), 6.33 (s, 1H), 3.85 (s, 3H), 2.28 (s, 3H). *C NMR (75 MHz, DMSO-ds) § 193.2, 186.5, 173.8,
165.8, 163.7, 161.3, 145.1, 144.8, 141.2, 136.4, 132.8, 131.0, 129.7, 128.6, 127.9, 124.3, 114.3, 111.0, 55.7,
19.4. HRMS (ESI-TOF) m/z: Calcd for C2sH190s [M+H]" 391.1176; Found: 391.1173.
(2)-2-(3-hydroxy-6-methyl-4-oxo0-4H-pyran-2-yl)-1-phenyl-4-(p-tolyl)but-2-ene-1,4-dione (2f).

Yellow powder; yield 64% (0.24 g); m.p. 185-187°C. *H NMR (300 MHz, DMSO-ds) & 10.37 (s, 1H), 8.01
(s, 1H), 7.89 — 7.81 (m, 4H), 7.63 — 7.52 (m, 1H), 7.52 — 7.41 (m, 2H), 7.35 (d, J = 7.9 Hz, 2H), 6.33 (s, 1H),
2.38 (s, 3H), 2.28 (s, 3H). *C NMR (75 MHz, DMSO-ds) 6 193.2, 187.7, 173.9, 165.9, 145.2, 144.5, 141.1,
136.4, 134.3, 132.9, 129.6, 128.6, 128.6, 127.9, 124.1, 111.0, 21.3, 19.4. HRMS (ESI-TOF) m/z: Calcd for
C23H190s [M+H]" 375.1227; Found: 375.1231.
(2)-2-(3-hydroxy-6-methyl-4-oxo-4H-pyran-2-yl)-1,4-diphenylbut-2-ene-1,4-dione (2g).

Pale brown powder; yield 63% (0.23 g); m.p. 201-203°C. *H NMR (300 MHz, DMSO-ds) & 10.46 (s, 1H),
8.02 (s, 1H), 8.00 — 7.92 (m, 2H), 7.90 — 7.81 (m, 2H), 7.73 — 7.63 (m, 1H), 7.62 — 7.54 (m, 3H), 7.54 — 7.43
(m, 2H), 6.34 (s, 1H), 2.29 (s, 3H). 1*C NMR (75 MHz, DMSO-ds) 6 193.1, 188.3, 173.8, 165.9, 145.5, 145.3,
141.0, 136.7, 136.3, 133.8, 133.0, 129.0, 128.6, 128.4, 127.9, 124.0, 111.0, 19.4. HRMS (ESI-TOF) m/z: Calcd
for C22H170s [M+H]* 361.1071; Found: 361.1084.
(2)-1-(4-fluorophenyl)-2-(3-hydroxy-6-methyl-4-oxo-4H-pyran-2-yl)-4-(4-methoxyphenyl)but-2-ene-1,4-
dione (2h).

Yellow powder; yield 74% (0.30 g); m.p. 179-181°C. *H NMR (300 MHz, DMSO-dg) & 8.02 — 7.86 (m, 5H),
7.35 — 7.23 (m, 2H), 7.07 (d, J = 8.6 Hz, 2H), 6.33 (s, 1H), 3.85 (s, 3H), 2.29 (s, 3H). 3C NMR (75 MHz,
DMSO-ds) 6 191.9, 186.5, 173.8, 165.9, 164.7 (d, Jcr = 251.1 Hz), 163.8, 145.1, 144.4, 141.1, 133.4 (d, JcF
= 2.9 Hz), 131.0, 130.7 (d, Jcr = 9.4 Hz), 129.6, 124.2, 115.7 (d, Jcr = 22.1 Hz), 114.3, 111.0, 55.7, 19.4.
HRMS (ESI-TOF) m/z: Calcd for C23H1sFOs [M+H]* 409.1082; Found: 409.1088.
(2)-1-(4-fluorophenyl)-2-(3-hydroxy-6-methyl-4-oxo-4H-pyran-2-yl)-4-(3-methoxyphenyl)but-2-ene-1,4-
dione (2i).



Yellow powder; yield 62% (0.25 g); m.p. 166-168°C. *H NMR (300 MHz, DMSO-dg) & 7.98 (s, 1H), 7.97 —
7.88 (m, 2H), 7.60 (d, J =7.7 Hz, 1H), 7.49 (t, J = 7.9 Hz, 1H), 7.38 (s, 1H), 7.36 — 7.21 (m, 3H), 6.34 (s, 1H),
3.80 (s, 3H), 2.30 (s, 3H). *C NMR (75 MHz, DMSO-dg) 5 191.8, 188.0, 173.8, 166.0, 164.8 (d, Jcr = 251.2
Hz), 159.6, 145.4, 145.3, 140.9, 138.1, 133.2 (d, Jcr = 2.6 Hz), 130.8 (d, Jcr = 9.4 Hz), 130.2, 123.9, 121.1,
120.0, 115.8 (d, Jcr =22.2 Hz), 112.7, 111.0, 55.4, 19.4. HRMS (ESI-TOF) m/z: Calcd for C23H1gFOs [M+H]*
409.1082; Found: 409.1087.
(2)-2-(3-hydroxy-6-methyl-4-oxo0-4H-pyran-2-yl)-1-(4-methoxyphenyl)-4-(thiophen-2-yl)but-2-ene-1,4-dione
(2)).

Pale brown powder; yield 67% (0.27 g); m.p. 201-203°C. *H NMR (300 MHz, DMSO-ds) & 10.42 (s, 1H),
8.09 (s, 2H), 7.94 — 7.70 (m, 3H), 7.30 (s, 1H), 7.03 — 6.97 (m, 2H), 6.33 (s, 1H), 3.81 (s, 3H), 2.29 (s, 3H).
13C NMR (75 MHz, DMSO-ds) § 173.8, 165.9, 163.0, 145.5, 144.6, 140.9, 136.6, 134.0, 130.2, 129.5, 129.2,
122.9, 114.0, 111.0, 55.5, 19.4. HRMS (ESI-TOF) m/z: Calcd for C21H1706S [M+H]" 397.0740; Found:
397.0737.
(2)-4-(4-bromophenyl)-1-(2,6-dimethoxyphenyl)-2-(3-hydroxy-6-methyl-4-oxo-4H-pyran-2-yl)but-2-ene-1,4-
dione (2k).

Yellow powder; yield 70% (0.35 g); m.p. 211-213°C. *H NMR (300 MHz, DMSO-dg) & 9.31 (s, 1H), 7.71 —
7.57 (m, 4H), 7.53 — 7.40 (m, 2H), 6.76 (d, J = 8.3 Hz, 2H), 6.15 (s, 1H), 3.71 — 3.65 (m, 6H), 1.71 (s, 3H).
13C NMR (75 MHz, DMSO-ds) § 173.5, 163.3, 158.7, 151.4, 145.6, 141.8, 140.8, 132.0, 131.6, 129.0, 125.5,
120.7, 117.3, 110.4, 108.7, 106.7, 104.0, 55.8, 18.3. HRMS (ESI-TOF) m/z: Calcd for C24H2BrO7 [M+H]*
499.0387; Found: 499.0381.



3. Characterization data of compounds 5

2-(3,6-bis(4-methoxyphenyl)pyridazin-4-yl)-3-hydroxy-6-methyl-4H-pyran-4-one (5a).

Grey powder; yield 84% (0.18 g); m.p. 220-222°C. *H NMR (300 MHz, DMSO-ds) & 9.57 (s, 1H), 8.41 (s,
1H), 8.19 (d, J = 8.3 Hz, 2H), 7.51 (d, J = 8.3 Hz, 2H), 7.15 (d, J = 8.4 Hz, 2H), 7.02 (d, J = 8.4 Hz, 2H), 6.32
(s, 1H), 3.86 (s, 3H), 3.81 (s, 3H), 2.01 (s, 3H). *C NMR (75 MHz, DMSO-dg) & 173.6, 165.1, 161.1, 160.0,
156.1, 155.7, 143.3, 142.9, 129.5, 129.2, 128.3, 128.0, 127.6, 124.0, 114.6, 113.8, 111.6, 55.4, 55.3, 19.0.
HRMS (ESI-TOF) m/z: Calcd for C24H21N20s [M+H]* 417.1445; Found: 417.1458.
3-hydroxy-2-(3-(4-methoxyphenyl)-6-(p-tolyl)pyridazin-4-yl)-6-methyl-4H-pyran-4-one (5b).

Grey powder; yield 79% (0.16 g); m.p. 231-233°C. *H NMR (300 MHz, DMSO-ds) & 9.62 (s, 1H), 8.45 (s,
1H), 8.12 (d, J = 7.8 Hz, 2H), 7.52 (d, J = 8.3 Hz, 2H), 7.40 (d, J = 7.9 Hz, 2H), 7.03 (d, J = 8.3 Hz, 2H), 6.32
(s, 1H), 3.81 (s, 3H), 2.41 (s, 3H), 2.01 (s, 3H). *C NMR (75 MHz, DMSO-ds) & 173.6, 165.1, 160.1, 156.4,
156.1, 143.4, 142.8, 140.1, 132.6, 129.8, 129.6, 129.2, 128.1, 126.7, 124.5, 113.8, 111.6, 55.3, 20.9, 19.0.
HRMS (ESI-TOF) m/z: Calcd for C24H21N204 [M+H]* 401.1496; Found: 401.1489.
3-hydroxy-2-(3-(4-methoxyphenyl)-6-phenylpyridazin-4-yl)-6-methyl-4H-pyran-4-one (5c).

White powder; yield 78% (0.15 g); m.p. 245-247°C. *H NMR (300 MHz, DMSO-ds) § 9.66 (s, 1H), 8.49 (s,
1H), 8.26 — 8.17 (m, 2H), 7.65 — 7.56 (m, 3H), 7.53 (d, J = 8.5 Hz, 2H), 7.04 (d, J = 8.4 Hz, 2H), 6.33 (s, 1H),
3.81 (s, 3H), 2.01 (s, 3H). *C NMR (75 MHz, DMSO-ds) & 173.6, 165.1, 160.1, 156.5, 156.3, 143.4, 142.7,
135.4, 130.3, 129.6, 129.2, 128.1, 126.9, 124.8, 113.8, 111.6, 55.3, 19.0. HRMS (ESI-TOF) m/z: Calcd for
CasH19N204 [M+H]* 387.1339; Found: 387.1345.
2-(6-(4-bromophenyl)-3-(4-methoxyphenyl)pyridazin-4-yl)-3-hydroxy-6-methyl-4H-pyran-4-one (5d).

Pale brown powder; yield 87% (0.20 g); m.p. 225-227°C. *H NMR (300 MHz, DMSO-ds) § 9.66 (s, 1H), 8.53
(s, 1H), 8.18 (d, J = 8.2 Hz, 2H), 7.81 (d, J = 8.1 Hz, 2H), 7.53 (d, J = 8.3 Hz, 2H), 7.03 (d, J = 8.4 Hz, 2H),
6.33 (s, 1H), 3.81 (s, 3H), 2.02 (s, 3H). *C NMR (75 MHz, DMSO-ds) § 173.6, 165.1, 160.2, 156.5, 155.6,
143.5, 142.6, 134.6, 132.2, 129.7, 129.0, 128.9, 128.2, 124.8, 124.1, 113.9, 111.7, 55.3, 19.0. HRMS (ESI-
TOF) m/z: Calcd for C23H1sBrN2O4 [M+H]* 465.0444; Found: 465.0449.
3-hydroxy-2-(6-(4-methoxyphenyl)-3-phenylpyridazin-4-yl)-6-methyl-4H-pyran-4-one (5e).

White powder; yield 82% (0.16 g); m.p. 238-240°C. *H NMR (300 MHz, DMSO-dg) § 9.71 (s, 1H), 8.50 (s,
1H), 8.22 (d, J = 8.0 Hz, 2H), 7.60 — 7.45 (m, 5H), 7.18 (d, J = 8.1 Hz, 2H), 6.31 (s, 1H), 3.88 (s, 3H), 1.92
(s, 3H). *C NMR (75 MHz, DMSO-dg) 5 173.6, 165.0, 161.2, 156.6, 156.1, 143.8, 142.4, 137.2,129.0, 128.5,
128.4, 128.3, 128.1, 127.6, 123.9, 114.7, 111.5, 55.4, 18.8. HRMS (ESI-TOF) m/z: Calcd for C23H19N204
[M+H]* 387.1339; Found: 387.1333.
3-hydroxy-6-methyl-2-(3-phenyl-6-(p-tolyl)pyridazin-4-yl)-4H-pyran-4-one (5f).

Yellow powder; yield 76% (0.14 g); m.p. 236-238°C. *H NMR (300 MHz, DMSO-ds) § 9.71 (s, 1H), 8.51 (s,
1H), 8.13 (d, J=7.9 Hz, 2H), 7.58 — 7.38 (m, 7H), 6.29 (s, 1H), 2.42 (s, 3H), 1.90 (s, 3H). 3C NMR (75 MHz,
DMSO-de) 6 173.6, 165.0, 156.9, 156.5, 142.3, 140.3, 137.1, 132.5, 129.8, 129.0, 128.5, 128.32, 128.1, 126.8,
124.4,111.5, 21.0, 18.8. HRMS (ESI-TOF) m/z: Calcd for C23H19N203 [M+H]* 371.1390; Found: 371.1388.
2-(3,6-diphenylpyridazin-4-yl)-3-hydroxy-6-methyl-4H-pyran-4-one (59).

White powder; yield 77% (0.13 g); m.p. 271-273°C. *H NMR (300 MHz, DMSO-dg) § 9.75 (s, 1H), 8.56 (s,
1H), 8.26 — 8.18 (m, 2H), 7.65 — 7.44 (m, 8H), 6.30 (s, 1H), 1.90 (s, 3H). **C NMR (75 MHz, DMSO-ds) &
173.7, 165.0, 157.0, 156.7, 143.9, 142.2, 137.1, 135.4, 130.4, 129.2, 129.1, 128.9, 128.3, 128.2, 127.0, 124.7,
111.6, 18.8. HRMS (ESI-TOF) m/z: Calcd for C22H17N203 [M+H]* 357.1234; Found: 357.1241.
2-(3-(4-fluorophenyl)-6-(4-methoxyphenyl) pyridazin-4-yl)-3-hydroxy-6-methyl-4H-pyran-4-one (5h).

Grey powder; yield 81% (0.16 g); m.p. 251-253°C. *H NMR (300 MHz, DMSO-ds) & 8.48 (s, 1H), 8.20 (d, J
= 8.5 Hz, 2H), 7.66 — 7.55 (m, 2H), 7.37 — 7.26 (m, 2H), 7.16 (d, J = 8.5 Hz, 2H), 6.32 (s, 1H), 3.87 (s, 3H),
2.00 (s, 3H). ¥3C NMR (75 MHz, DMSO-dg) § 173.7, 165.2, 162.7 (d, Jcr = 246.4 Hz), 161.3, 156.7, 155.3,
143.6, 142.4, 133.6 (d, Jcr = 3.3 Hz), 130.4 (d, Jcr = 8.5 Hz), 128.6, 128.5, 127.6, 124.0, 115.4 (d, Jcr = 21.7
Hz), 114.7, 111.7, 55.5, 19.0. HRMS (ESI-TOF) m/z: Calcd for C23H1sFN2Os [M+H]" 405.1245; Found:
405.1242.

2-(3-(4-fluorophenyl)-6-(3-methoxyphenyl)pyridazin-4-yl)-3-hydroxy-6-methyl-4H-pyran-4-one (5i).

White powder; yield 74% (0.15 g); m.p. 220-222°C. *H NMR (300 MHz, DMSO-ds) & 9.74 (s, 1H), 8.55 (s,
1H), 7.82 - 7.74 (m, 2H), 7.67 — 7.57 (m, 2H), 7.57 — 7.46 (m, 1H), 7.38 — 7.26 (m, 2H), 7.15 (d, J = 8.1 Hz,
1H), 6.32 (s, 1H), 3.87 (s, 3H), 2.00 (s, 3H). 3C NMR (75 MHz, DMSO-ds) & 173.6, 165.2, 162.7 (d, Jcr =
246.6 Hz), 159.9, 156.9, 156.0, 143.7, 142.2, 136.7, 133.5 (d, Jcr = 3.0 Hz), 130.6, 130.5, 130.4, 128.6, 125.0,



119.3, 116.3, 115.4 (d, Jcr = 21.8 Hz), 112.1, 111.7, 55.4, 19.0. HRMS (ESI-TOF) m/z: Calcd for
Co3H18FN204 [M+H]" 405.1245; Found: 405.1246.
3-hydroxy-2-(3-(4-methoxyphenyl)-6-(thiophen-2-yl)pyridazin-4-yl)-6-methyl-4H-pyran-4-one (5j).

Yellow powder; yield 78% (0.15 g); m.p. 248-250°C. *H NMR (300 MHz, DMSO-ds) & 9.67 (s, 1H), 8.49 (s,
1H), 7.99 (s, 1H), 7.81 (d, J = 4.8 Hz, 1H), 7.49 (d, J = 8.3 Hz, 2H), 7.27 (s, 1H), 7.02 (d, J = 8.4 Hz, 2H),
6.33 (s, 1H), 3.80 (s, 3H), 2.03 (s, 3H). *C NMR (75 MHz, DMSO-ds) & 173.6, 168.0, 165.2, 160.1, 156.2,
152.8, 143.3, 142.6, 139.6, 130.3, 129.5, 129.0, 128.7, 128.2, 127.9, 123.4, 113.9, 111.7, 55.3, 20.4, 19.0.
HRMS (ESI-TOF) m/z: Calcd for C21H17N204S [M+H]" 393.0904; Found: 393.0911.
2-(6-(4-bromophenyl)-3-(2,6-dimethoxyphenyl)pyridazin-4-yl)-3-hydroxy-6-methyl-4H-pyran-4-one (5k).
White powder; yield 80% (0.20 g); m.p. 252-254°C. *H NMR (300 MHz, DMSO-ds) & 9.28 (s, 1H), 7.71 —
7.57 (m, 4H), 7.52 — 7.40 (m, 2H), 6.77 (d, J = 8.4 Hz, 2H), 6.14 (s, 1H), 3.71 — 3.65 (m, 6H), 1.71 (s, 3H).
13C NMR (75 MHz, DMSO-ds) & 173.5, 163.3, 158.7, 151.4, 145.6, 141.8, 140.8, 132.0, 131.7, 129.0, 125.5,
120.7,117.3, 110.4, 108.7, 106.7, 104.0, 55.8, 18.3. HRMS (ESI-TOF) m/z: Calcd for C24H20BrN2Os [M+H]*
495.0550; Found: 495.0558.



4. Characterization data of compounds 7

10-methoxy-3-(4-methoxyphenyl)-6-methyl-8H-benzo[h]pyrano[ 2,3-f]cinnolin-8-one (7a).

Yellow powder; yield 87% (0.18 g); m.p. 300+°C. *H NMR (300 MHz, CDClIs) § 9.55 (d, J = 2.7 Hz, 1H),
9.45 (d, J = 9.0 Hz, 1H), 8.43 (s, 1H), 8.23 (d, J = 8.8 Hz, 2H), 7.39 (dd, J = 9.1, 2.7 Hz, 1H), 7.10 (d, J = 8.8
Hz, 2H), 6.39 (s, 1H), 4.02 (s, 3H), 3.92 (s, 3H), 2.55 (s, 3H). *C NMR (75 MHz, CDCls) § 179.2, 163.7,
161.8, 161.4, 155.2, 153.1, 147.1, 131.2, 128.9, 128.6, 125.4, 121.2, 118.4, 118.3, 115.3, 114.7, 113.7, 109.0,
55.7, 55.6, 19.9. HRMS (ESI-TOF) m/z: Calcd for C24H19N204 [M+H]" 399.1339; Found: 399.1333.
10-methoxy-6-methyl-3-(p-tolyl)-8H-benzo[h]pyrano[2,3-f]cinnolin-8-one (7Db).

Orange powder; yield 85% (0.16 g); m.p. 300+°C. *H NMR (300 MHz, CDCls) § 9.50 (d, J = 2.6 Hz, 1H),
9.41 (d, J = 9.0 Hz, 1H), 8.40 (s, 1H), 8.14 (d, J = 7.9 Hz, 2H), 7.41 — 7.31 (m, 3H), 6.35 (s, 1H), 4.00 (s, 3H),
2.53 (s, 3H), 2.46 (s, 3H). °C NMR (75 MHz, CDCls) 6 179.0, 164.8, 163.6, 162.1, 140.3, 133.9, 131.4, 130.1,
127.2, 125.6, 118.4, 115.3, 114.1, 109.4, 55.8, 21.5, 19.8. HRMS (ESI-TOF) m/z: Calcd for C24H19N2O3
[M+H]* 383.1390; Found: 383.1391.
10-methoxy-6-methyl-3-phenyl-8H-benzo[h]pyrano[2,3-f]cinnolin-8-one (7c¢).

White powder; yield 82% (0.15 g); m.p. 300+°C. *H NMR (300 MHz, CDCls) § 9.59 (d, J = 2.7 Hz, 1H), 9.51
(d, J=9.1 Hz, 1H), 8.56 (s, 1H), 8.37 — 8.28 (m, 2H), 7.70 — 7.53 (m, 3H), 7.43 (dd, J = 9.0, 2.7 Hz, 1H), 6.43
(s, 1H), 4.06 (s, 3H), 2.60 (s, 3H). 3C NMR (125 MHz, CDCls) & 179.1, 163.7, 161.9, 155.5, 153.0, 147.4,
136.4, 131.4, 130.1, 129.3, 127.3, 125.6, 121.1, 118.4, 118.2, 115.3, 114.6, 109.0, 55.7, 19.9. HRMS (ESI-
TOF) m/z: Calcd for Co3H17N203 [M+H]" 369.1234; Found: 369.1241.
3-(4-bromophenyl)-10-methoxy-6-methyl-8H-benzo[h]pyrano[2,3-f]cinnolin-8-one (7d).

Yellow powder; yield 86% (0.19 g); m.p. 300+°C. *H NMR (300 MHz, CDCls) § 9.57 (d, J = 2.6 Hz, 1H),
9.46 (d, J = 9.1 Hz, 1H), 8.50 (s, 1H), 8.16 (d, J = 8.2 Hz, 2H), 7.73 (d, J = 8.4 Hz, 2H), 7.40 (dd, J = 9.2, 2.6
Hz, 1H), 6.41 (s, 1H), 4.03 (s, 3H), 2.57 (s, 3H). *C NMR (75 MHz, CDCl3) 6 132.63, 128.84, 115.45, 109.45,
19.85. HRMS (ESI-TOF) m/z: Calcd for C23H1sBrN20Os [M+H]* 447.0339; Found: 447.0342.
3-(4-methoxyphenyl)-6-methyl-8H-benzo[h]pyrano[2,3-f]cinnolin-8-one (7e).

Yellow powder; yield 84% (0.16 g); m.p. 300+°C. *H NMR (300 MHz, CDCls) § 10.02 (d, J = 7.5 Hz, 1H),
9.63 (d, J =7.4 Hz, 1H), 8.59 (s, 1H), 8.30 (d, J =8.4 Hz, 2H), 7.89 — 7.81 (m, 1H), 7.13 (d, J = 8.4 Hz, 2H),
6.47 (s, 1H), 3.93 (s, 3H), 2.59 (s, 3H). *C NMR (125 MHz, CDCls) & 179.1, 163.7, 161.6, 156.2, 152.7,
147.3, 130.9, 129.4, 128.8, 128.8, 128.7, 127.8, 127.5, 124.0, 119.8, 118.8, 115.5, 114.8, 113.8, 55.6, 20.0.
HRMS (ESI-TOF) m/z: Calcd for C2sH17N20s [M+H]" 369.1234; Found: 369.1240.
6-methyl-3-(p-tolyl)-8H-benzo[h]pyrano[ 2,3-f]cinnolin-8-one (7f).

Yellow powder; yield 83% (0.15 g); m.p. 300+°C. *H NMR (300 MHz, CDCls) § 10.00 — 9.91 (m, 1H), 9.61
—9.52 (m, 1H), 8.51 (s, OH), 8.23 — 8.14 (m, 2H), 7.88 — 7.74 (m, 2H), 7.39 (d, J = 7.8 Hz, 2H), 6.40 (s, 1H),
2.55 (s, 3H), 2.47 (s, 3H). *C NMR (125 MHz, CDCls) § 179.0, 163.7, 156.3, 152.5, 147.4, 140.6, 133.4,
130.9, 130.1, 129.4, 128.6, 127.7, 127.4, 127.2, 124.0, 119.7, 118.7, 115.4, 114.2, 21.6, 20.0. HRMS (ESI-
TOF) m/z: Calcd for C23H17N202 [M+H]* 353.1285; Found: 353.1287.
6-methyl-3-phenyl-8H-benzo[h]pyrano[2,3-f]cinnolin-8-one (79).

Yellow powder; yield 78% (0.13 g); m.p. 300+°C. *H NMR (300 MHz, CDCl3) & 9.96 — 9.87 (m, 1H), 9.56 —
9.47 (m, 1H), 8.50 (s, 1H), 8.28 (d, J = 7.3 Hz, 2H), 7.85 - 7.71 (m, 2H), 7.66 — 7.49 (m, 3H), 6.36 (s, 1H),
2.52 (s, 3H). *C NMR (75 MHz, CDCls) & 178.8, 163.7, 156.2, 152.3, 147.4, 136.2, 131.0, 130.3, 129.4,
128.6, 127.7, 127.4, 127.2, 124.0, 119.5, 118.6, 115.3, 114.5, 19.9. HRMS (ESI-TOF) m/z: Calcd for
C22H15N202 [M+H]* 339.1128; Found: 339.1138.
10-fluoro-3-(4-methoxyphenyl)-6-methyl-8H-benzo[h]pyrano[2,3-f]cinnolin-8-one (7h).

Yellow powder; yield 86% (0.17 g); m.p. 300+°C. *H NMR (300 MHz, CDCl3) § 9.85—9.75 (m, 1H), 9.68 —
9.57 (m, 1H), 8.59 (s, 1H), 8.29 (d, J = 8.7 Hz, 2H), 7.60 — 7.54 (m, 1H), 7.14 (d, J = 8.7 Hz, 2H), 6.48 (s,
1H), 3.94 (s, 3H), 2.60 (s, 3H). 3C NMR (75 MHz, CDCls) § 163.9, 151.8, 147.7, 146.9, 128.8, 126.4, 115.5,
114.9, 113.8, 113.5, 55.7, 20.0. HRMS (ESI-TOF) m/z: Calcd for C23HisFN2Os [M+H]* 387.1139; Found:
387.1141.

10-fluoro-3-(3-methoxyphenyl)-6-methyl-8H-benzo[h]pyrano[2,3-f]cinnolin-8-one (7i).

White powder; yield 80% (0.16 g); m.p. 300+°C. *H NMR (500 MHz, CDCl3) § 9.82 — 9.76 (m, 1H), 9.64 —
9.58 (m, 1H), 8.64 (s, 1H), 7.97 (s, 1H), 7.82 (d, J = 7.7 Hz, 1H), 7.60 — 7.49 (m, 2H), 7.14 — 7.09 (m, 1H),
6.47 (s, 1H), 3.97 (s, 3H), 2.59 (s, 3H). *C NMR (125 MHz, CDCls) § 178.7, 164.5 (d, Jcr = 249.1 Hz), 164.1,
164.03 160.6, 156.1, 153.3, 147.3, 137.5, 131.4 (d, Jcr = 11.7 Hz), 130.4, 130.4, 126.5 (d, Jcr = 9.4 Hz),
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124.0, 119.6, 119.3, 117.3 (d, Jcr = 23.6 Hz), 116.4, 115.5, 115.1, 115.0, 113.7 (d, Jcr = 26.4 Hz), 112.7,
112.6, 55.7, 20.0. HRMS (ESI-TOF) m/z: Calcd for C23H16FN203 [M+H]* 387.1139; Found: 387.1133.
10-methoxy-6-methyl-3-(thiophen-2-yl)-8H-benzo[h]pyrano[2,3-f]cinnolin-8-one (7).

Yellow powder; yield 82% (0.16 g); m.p. 300+°C. *H NMR (300 MHz, CDClIs) § 9.48 (d, J = 2.7 Hz, 1H),
9.35(d, J=9.1 Hz, 1H), 8.30 (s, 1H), 7.80 (d, J = 3.8 Hz, 1H), 7.54 (d, J = 5.0 Hz, 1H), 7.35(dd, J = 9.1, 2.6
Hz, 1H), 7.21 (t, J = 4.4 Hz, 1H), 6.36 (s, 1H), 4.00 (s, 3H), 2.54 (s, 3H). 3C NMR (75 MHz, CDCl3) § 179.0,
163.7,161.9, 152.7, 151.4, 147.2, 141.0, 131.2, 129.2, 128.4, 126.1, 125.4, 121.1, 118.4, 118.3, 118.1, 115.3,
112.7,109.0, 55.7, 19.9. HRMS (ESI-TOF) m/z: Calcd for C21H15N203S [M+H]* 375.0798; Found: 375.0801.
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5. Characterization data of compounds 9

2-(3,6-bis(4-methoxyphenyl)pyridazin-4-yl)-6-methyl-4-oxo-4H-pyran-3-yl hexanoate (9a).

Yellow powder; yield 74% (0.38 g); m.p. 219-221°C. *H NMR (300 MHz, DMSO-ds) & 8.41 (s, 1H), 8.22 (d,
J=8.8Hz, 2H), 7.61 (d, J = 8.7 Hz, 2H), 7.15 (d, J = 8.7 Hz, 2H), 7.06 (d, J = 8.6 Hz, 2H), 6.44 (s, 1H), 3.86
(s, 3H), 3.82 (s, 3H), 2.35 (t, J = 7.1 Hz, 2H), 2.10 (s, 3H), 1.36 (p, J = 7.2 Hz, 2H), 1.09 — 0.89 (m, 4H), 0.64
(t, J = 6.9 Hz, 3H). °C NMR (100 MHz, DMSO-ds) § 171.7, 169.8, 166.5, 161.3, 160.4, 156.1, 155.3, 153.8,
137.6, 129.7, 128.3, 128.2, 127.2, 126.3, 123.9, 114.7, 114.1, 55.4, 55.3, 32.8, 30.2, 24.0, 21.6, 18.9, 13.6.
HRMS (ESI-TOF) m/z: Calcd for C3H31N20s [M+H]* 515.2177; Found: 515.2184.
2-(3-(4-methoxyphenyl)-6-(p-tolyl)pyridazin-4-yl)-6-methyl-4-oxo-4H-pyran-3-yl acetate (9b).

White powder; yield 80% (0.35 g); m.p. 241-243°C. *H NMR (300 MHz, DMSO-dg) & 8.43 (s, 1H), 8.14 (d,
J=7.9Hz, 2H), 7.61 (d, J = 8.4 Hz, 2H), 7.42 (d, J = 7.9 Hz, 2H), 7.06 (d, J = 8.4 Hz, 2H), 6.44 (s, 1H), 3.82
(s, 3H), 2.41 (s, 3H), 2.12 (s, 3H), 2.06 (s, 3H). 3C NMR (125 MHz, DMSO-ds) & 171.6, 167.1, 166.7, 160.5,
156.6, 155.8, 153.6, 140.5, 137.7, 132.2, 129.9, 129.8, 128.3, 126.8, 126.5, 124.4, 114.2, 114.1, 55.3, 21.0,
19.9, 19.0. HRMS (ESI-TOF) m/z: Calcd for C26H23N20s [M+H]* 443.1601; Found: 443.1595.
2-(3-(4-methoxyphenyl)-6-(p-tolyl)pyridazin-4-yl)-6-methyl-4-oxo-4H-pyran-3-yl pivalate (9b”).

Grey powder; yield 86% (0.42 g); m.p. 200-202°C. *H NMR (300 MHz, DMSO-ds) & 8.53 (s, 1H), 8.19 (d, J
= 8.0 Hz, 2H), 7.71 — 7.62 (m, 2H), 7.58 — 7.48 (m, 3H), 7.42 (d, J = 7.9 Hz, 2H), 6.43 (s, 1H), 2.41 (s, 3H),
1.99 (s, 3H), 1.07 — 1.01 (m, 9H). *C NMR (75 MHz, DMSO-dg) & 174.5, 171.6, 166.3, 156.7, 156.1, 153.2,
140.7, 138.0, 135.9, 131.9, 129.9, 129.6, 128.6, 128.3, 126.7, 126.6, 124.2, 114.1, 38.3, 26.4, 20.9, 18.7.
HRMS (ESI-TOF) m/z: Calcd for CagH29N20s [M+H]* 485.2071; Found: 485.2075.
2-(3-(4-methoxyphenyl)-6-phenylpyridazin-4-yl)-6-methyl-4-oxo-4H-pyran-3-yl pivalate (9c).

White powder; yield 81% (0.38 g); m.p. 213-215°C. 'H NMR (300 MHz, DMSO-d¢) 5 8.92 (s, 1H), 8.71 —
8.62 (m, 2H), 8.11 — 7.95 (m, 5H), 7.49 (d, J = 8.4 Hz, 2H), 6.86 (s, 1H), 4.23 (s, 3H), 2.50 (s, 3H), 1.46 —
1.40 (m, 9H). 3C NMR (75 MHz, DMSO-ds) § 174.43, 171.62, 166.42, 160.55, 156.27, 155.91, 153.53,
137.76, 134.76, 130.60, 129.88, 129.26, 127.94, 126.67, 126.12, 124.62, 114.19, 114.14, 55.34, 38.25, 26.34,
18.89. HRMS (ESI-TOF) m/z: Calcd for C2sH27N20s [M+H]* 471.1914; Found: 471.1911.
2-(6-(4-bromophenyl)-3-(4-methoxyphenyl)pyridazin-4-yl)-6-methyl-4-oxo-4H-pyran-3-yl 2-methylbenzoate
(9d).

White powder; yield 73% (0.43 g); m.p. 189-191°C. *H NMR (300 MHz, DMSO-ds) & 8.67 (s, 1H), 8.17 (d,
J=79Hz 2H),7.79(q, J = 7.3 Hz, 3H), 7.63 (d, J = 8.3 Hz, 2H), 7.51 (t, J = 7.6 Hz, 1H), 7.31 (d, J = 7.6
Hz, 2H), 7.08 (d, J = 8.5 Hz, 2H), 6.53 (s, 1H), 3.84 (s, 3H), 2.34 (s, 3H), 2.18 (s, 3H). *C NMR (75 MHz,
DMSO-de) 6 171.6, 166.8, 162.7, 160.7, 156.2, 155.6, 153.5, 140.6, 137.9, 134.0, 133.5, 132.2, 131.9, 130.9,
129.9, 128.8, 128.0, 126.5, 126.5, 126.2, 124.7, 124.4, 114.2, 55.4, 20.9, 19.0. HRMS (ESI-TOF) m/z: Calcd
for Cs1H24BrN2Os [M+H]" 583.0863; Found: 583.0858.
2-(6-(4-methoxyphenyl)-3-phenylpyridazin-4-yl)-6-methyl-4-oxo-4H-pyran-3-yl 2-(trifluoromethyl)benzoate
(%e).

White powder; yield 69% (0.39 g); m.p. 170-172°C. *H NMR (300 MHz, DMSO-ds) & 8.54 (s, 1H), 8.18 (d,
J=8.4Hz, 2H), 7.96 — 7.88 (m, 1H), 7.88 — 7.79 (m, 3H), 7.66 — 7.58 (m, 2H), 7.54 — 7.47 (m, 3H), 7.14 (d,
J=8.5Hz, 2H), 6.53 (s, 1H), 3.85 (s, 3H), 2.09 (s, 3H). 13C NMR (75 MHz, DMSO-ds) 6 171.3, 167.0, 162.3,
161.4, 156.7, 155.7, 154.0, 137.8, 136.0, 133.3, 133.0, 130.8, 129.6, 128.6, 128.4, 128.2, 127.7 (d, JcF = 2.2
Hz), 127.3 (d, Jcr = 8.3 Hz), 127.1 (d, Jcr = 5.4 Hz), 127.1, 126.9, 126.5, 124.0, 122.9 (d, Jcr = 273.6 Hz),
114.7, 114.2, 55.4, 18.9. HRMS (ESI-TOF) m/z: Calcd for CsiH22F3N20Os [M+H]" 559.1475; Found:
559.14609.

6-methyl-4-oxo-2-(3-phenyl-6-(p-tolyl)pyridazin-4-yl)-4H-pyran-3-yl benzoate (9f).

White powder; yield 73% (0.35 g); m.p. 213-215°C. *H NMR (300 MHz, DMSO-ds) & 8.66 (s, 1H), 8.12 (d,
J=7.9Hz, 2H), 791 (d, J=7.6 Hz, 2H), 7.75 - 7.63 (m, 3H), 7.59 — 7.48 (m, 5H), 7.39 (d, J = 8.0 Hz, 2H),
6.50 (s, 1H), 2.39 (s, 3H), 2.09 (s, 3H). 13C NMR (75 MHz, DMSO-ds) & 171.5, 166.8, 162.4, 157.0, 156.2,
153.4,140.7, 138.1, 136.1, 134.7, 131.9, 129.9, 129.9, 129.7, 129.0, 128.7, 128.4, 127.2, 126.9, 126.8, 124.2,
114.1, 20.9, 18.9. HRMS (ESI-TOF) m/z: Calcd for CsoH23N204 [M+H]* 475.1652; Found: 475.1660.
6-methyl-4-oxo-2-(3-phenyl-6-(p-tolyl)pyridazin-4-yl)-4H-pyran-3-yl 2-methylbenzoate (9f°).

White powder; yield 76% (0.37 g); m.p. 174-176°C. *H NMR (300 MHz, DMSO-ds) § 8.63 (s, 1H), 8.12 (d,
J=7.9Hz, 2H), 7.81 (d, J=7.8 Hz, 1H), 7.70 — 7.61 (m, 2H), 7.57 — 7.47 (m, 4H), 7.39 (d, J = 8.0 Hz, 2H),
7.32(d, J=8.0 Hz, 2H), 6.50 (s, 1H), 2.40 (s, 3H), 2.36 (s, 3H), 2.09 (s, 3H). 3C NMR (75 MHz, DMSO-ds)
6171.6,166.7,162.8, 156.9, 156.2, 153.4, 140.7, 140.6, 138.2, 136.0, 133.6, 131.9, 130.9, 129.9, 129.7, 128.6,
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128.4,126.9,126.8, 126.5, 126.2, 124.2, 114.1, 21.0, 20.9, 18.8. HRMS (ESI-TOF) m/z: Calcd for C31H25N204
[M+H]" 489.1809; Found: 489.1814.

2-(3,6-diphenylpyridazin-4-yl)-6-methyl-4-oxo-4H-pyran-3-yl pivalate (99).

Grey powder; yield 81% (0.36 g); m.p. 193-195°C. *H NMR (300 MHz, DMSO-ds) & 8.58 (s, 1H), 8.33 —
8.24 (m, 2H), 7.73 - 7.62 (m, 2H), 7.61 (d, J = 6.6 Hz, 3H), 7.58 — 7.49 (m, 3H), 6.43 (s, 1H), 2.00 (s, 3H),
1.04 (s, 9H). C NMR (75 MHz, DMSO-ds) & 174.44, 171.55, 166.29, 156.80, 156.38, 153.13, 138.00,
135.84, 134.66, 130.72, 129.65, 129.27, 128.58, 128.31, 126.77, 126.64, 124.55, 114.11, 38.26, 26.34, 18.609.
HRMS (ESI-TOF) m/z: Calcd for Co7H2s N2Os [M+H]™ 441.1809; Found: 441.1808.
2-(3-(4-fluorophenyl)-6-(4-methoxyphenyl)pyridazin-4-yl)-6-methyl-4-oxo-4H-pyran-3-yl benzoate (9h).
Yellow powder; yield 77% (0.39 g); m.p. 247-249°C. *H NMR (300 MHz, DMSO-ds) & 8.64 (s, 1H), 8.27 —
8.15 (m, 2H), 7.93 — 7.84 (m, 2H), 7.75 — 7.64 (m, 3H), 7.59 — 7.48 (m, 2H), 7.45-7.32 (m, 2H), 7.21 - 7.08
(m, 2H), 6.52 (s, 1H), 3.85 (s, 3H), 2.15 (s, 3H). 1*C NMR (75 MHz, DMSO-ds) 5 171.5, 166.8, 163.0 (d, Jcr
=247.4 Hz), 162.3, 161.5, 156.7, 154.8, 153.3, 138.0, 134.6, 132.5 (d, Jcr = 3.2 Hz), 130.6 (d, Jcr = 8.7 H2),
129.9, 129.0, 128.4, 127.2, 126.9, 126.8, 123.8, 115.7 (d, Jcr = 21.9 Hz), 114.7, 114.2, 55.4, 18.9. HRMS
(ESI-TOF) m/z: Calcd for CaoH22FN20s [M+H]* 509.1507; Found: 509.1501.
2-(3-(4-fluorophenyl)-6-(4-methoxyphenyl)pyridazin-4-yl)-6-methyl-4-oxo-4H-pyran-3-yI 4-
(trifluoromethyl)benzoate (9h”).

White powder; yield 74% (0.43 g); m.p. 201-203°C. *H NMR (300 MHz, DMSO-ds) & 8.62 (s, 1H), 8.24 —
8.13 (m, 3H), 8.04 — 7.94 (m, 2H), 7.74 — 7.63 (m, 2H), 7.52 (d, J = 8.3 Hz, 3H), 7.43 — 7.31 (m, 2H), 7.18 —
7.07 (m, 2H), 6.52 (s, 1H), 3.85 (s, 3H), 2.17 (s, 3H). *C NMR (125 MHz, DMSO-ds) & 171.4, 167.0, 163.1
(d, Jcr = 247.3 Hz), 161.5, 161.1, 155.8 (d, Jcr = 241.9 Hz), 153.4, 152.5, 137.9, 132.6 (d, Jcr = 3.1 Hz),
132.5, 130.7 (d, Jcr = 8.6 Hz), 128.5, 126.9 (d, Jcr = 20.1 Hz), 126.2, 123.9, 121.1, 115.8 (d, Jcr = 21.9 Hz),
114.7, 114.2, 55.4, 19.0. HRMS (ESI-TOF) m/z: Calcd for CsiH21FsN2Os [M+H]" 577.1381; Found:
577.1378.

2-(3-(4-fluorophenyl)-6-(3-methoxyphenyl)pyridazin-4-yl)-6-methyl-4-oxo-4H-pyran-3-yl propionate (9i).
White powder; yield 82% (0.38 g); m.p. 154-156°C. *H NMR (300 MHz, DMSO-ds) & 8.57 (s, 1H), 7.87 —
7.77 (m, 2H), 7.77 — 7.66 (m, 2H), 7.53 (t, J = 7.9 Hz, 1H), 7.42 — 7.31 (m, 2H), 7.21 — 7.12 (m, 1H), 6.45 (s,
1H), 3.88 (s, 3H), 2.38 (q, J = 7.5 Hz, 2H), 2.13 (s, 3H), 0.91 (t, J = 7.4 Hz, 3H). *C NMR (75 MHz, DMSO-
de) 6 171.5, 170.3, 166.6, 163.0 (d, Jcr = 247.4 Hz), 159.9, 157.0, 155.6, 152.9, 137.9, 136.2, 132.5 (d, Jcr =
3.2 Hz), 130.7, 130.5 (d, Jcr = 14.3 Hz), 127.0, 125.0, 119.3, 116.6, 115.8 (d, Jcr = 21.9 Hz), 114.1, 112.1,
55.4,26.2, 18.9, 8.6. HRMS (ESI-TOF) m/z: Calcd for C26H22FN20s [M+H]" 461.1507; Found: 461.1498.
2-(3-(4-methoxyphenyl)-6-(thiophen-2-yl)pyridazin-4-yl)-6-methyl-4-oxo-4H-pyran-3-yl propionate (9j).
White powder; yield 79% (0.35 g); m.p. 207-209°C. *H NMR (300 MHz, DMSO-ds) & 8.50 (s, 1H), 8.03 (d,
J=3.7Hz, 1H), 7.84 (d, J = 5.0 Hz, 1H), 7.59 (d, J = 8.5 Hz, 2H), 7.29 (t, J = 4.3 Hz, 1H), 7.05 (d, J = 8.5
Hz, 2H), 6.45 (s, 1H), 3.82 (s, 3H), 2.38 (q, J = 7.4 Hz, 2H), 2.12 (s, 3H), 0.91 (t, J = 7.4 Hz, 3H). °C NMR
(75 MHz, DMSO-dg) 6 171.6, 170.4, 166.6, 160.5, 155.8, 153.3, 152.9, 139.3, 137.7, 130.6, 129.7, 128.8,
128.3,128.2, 126.4, 123.2, 114.1, 55.3, 26.3, 18.9, 8.7. HRMS (ESI-TOF) m/z: Calcd for C2sH2105S [M+H]*
449.1166; Found: 449.1171.
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6. Characterization data of compounds 4, 6 and 8

2-hydroxy-3-(3-hydroxy-6-methyl-4-oxo-4H-pyran-2-yl)-1,4-bis(4-methoxyphenyl)butane-1,4-dione (4).
White powder; yield 46% (0.20 g); m.p. 169-171°C. *H NMR (300 MHz, DMSO-ds) & 9.40 (s, 1H), 8.07 —
7.93 (m, 4H), 7.13-6.99 (m, 4H), 6.23 (s, 1H), 6.20 (s, 1H), 5.69 (t, J = 9.2 Hz, 1H), 5.38 (d, J = 9.9 Hz, 1H),
3.86 (s, 3H), 3.83 (s, 3H), 2.23 (s, 3H). *C NMR (75 MHz, DMSO-ds) & 195.7, 193.9, 173.6, 165.0, 163.7,
163.4, 145.9, 143.3, 131.4, 130.4, 128.1, 127.9, 114.2, 114.1, 111.3, 69.7, 55.7, 48.8, 19.4. HRMS (ESI-TOF)
m/z: Calcd for C24H2307 [M+H]" 439.1387; Found: 439.1397.
2-(3,6-bis(4-methoxyphenyl)pyridazin-4-yl)-3-methoxy-6-methyl-4H-pyran-4-one (6).

Pale brown powder; yield 83% (0.36 g); m.p. 161-163°C. *H NMR (300 MHz, DMSO) § 8.43 (s, 1H), 8.22
(d, J=8.3 Hz, 2H), 7.55 (d, J = 8.3 Hz, 2H), 7.15 (d, J = 8.4 Hz, 2H), 7.05 (d, J = 8.3 Hz, 2H), 6.35 (s, 1H),
3.86 (s, 3H), 3.80 (s, 3H), 3.42 (s, 3H), 2.17 (s, 3H). *C NMR (75 MHz, DMSO-ds) & 174.6, 165.5, 161.2,
160.4, 156.3, 155.8, 152.2, 143.9, 129.8, 128.6, 128.4, 128.0, 127.4, 124.1, 114.7, 114.6, 114.0, 58.9, 55.4,
55.3, 18.9. HRMS (ESI-TOF) m/z: Calcd for C2sH23N20s [M+H]* 431.1601; Found: 431.1590.
(2)-2-(3-methoxy-6-methyl-4-ox0-4H-pyran-2-yl)-1,4-bis(4-methoxyphenyl)but-2-ene-1,4-dione (8).

Yellow powder; yield 92% (0.40 g); m.p. 174-176°C. *H NMR (300 MHz, DMSO-ds) & 8.01 — 7.98 (m, 1H),
7.96 (s, 2H), 7.85 - 7.74 (m, 2H), 7.12 — 7.02 (m, 2H), 7.07 — 6.92 (m, 2H), 6.36 (s, 1H), 3.85 (s, 3H), 3.80
(s, 3H), 3.30 (s, 3H), 2.41 (s, 3H). *C NMR (75 MHz, DMSO-ds) & 190.55, 186.66, 175.03, 165.86, 163.82,
162.86, 150.49, 145.13, 142.65, 131.17, 129.99, 129.53, 129.34, 127.13, 114.26, 113.87, 58.69, 55.69, 55.46,
19.15. HRMS (ESI-TOF) m/z: Calcd for CasH2307 [M+H]" 435.1438; Found: 435.1444.
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7. NMR H and 3C spectra for compounds 2

'H NMR spectrum (300 MHz) of 2a in DMSO-ds
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'H NMR spectrum (300 MHz) of 2b in DMSO-ds

LT~
8€C —
9P-OSWA 05 —

OCH vE'€ —

08¢ —

€€9 —

169~
002"

YEL~
ocL

6L°L
[4 W
€8°L
98°L \\

86'L \\

SE0T —

OMe

g

F6'C
F80'¢

E06'C

E660

ppm

13C {*H} NMR spectrum (75 MHz) of 2b in DMSO-ds

SE6T —
wie—

oU‘OmZaoo.wm
oU‘OmZamm.wm
9P-OSWA vT'6E
9P-OSWA T9'6E —¢
9P-OSWA 08°'6E
9P-OSA 80°0F
9P-OSWA SE°0F

Sb'SS —

16°0TT —
68°ETT —

0zbzr—
66827 ~_
£5'671 —
groer
BEVET ~

82 THT ~\_

EEVPT
S0°SbT W
9T'SHT

¥6°79T —
94°G9T —

9L ELT —

18°48T —
09°T6T —

OMe

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
ppm

200

16



'H NMR spectrum (300 MHz) of 2¢ in DMSO-ds
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'H NMR spectrum (300 MHz) of 2d in DMSO-ds
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8. NMR *H and 3C spectra for compounds 5

'H NMR spectrum (300 MHz) of 5a in DMSO-ds
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'H NMR spectrum (300 MHz) of 5b in DMSO-ds
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'H NMR spectrum (300 MHz) of 5¢ in DMSO-ds
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'H NMR spectrum (300 MHz) of 5d in DMSO-ds
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'H NMR spectrum (300 MHz) of 5e in DMSO-ds
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'H NMR spectrum (300 MHz) of 5f in DMSO-ds
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'H NMR spectrum (300 MHz) of 5g in DMSO-ds
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'H NMR spectrum (300 MHz) of 5h in DMSO-ds
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'H NMR spectrum (300 MHz) of 5i in DMSO-ds
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'H NMR spectrum (300 MHz) of 5j in DMSO-ds
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9. NMR *H and 3C spectra for compounds 7
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'H NMR spectrum (300 MHz) of 7b in DMSO-ds

OCTH 19T —

9T~
€T

00y —

S€9 —

€10ad 9T°L
vEL
vEL

9€°L
LEL
8EL
8EL

€18 —F
wﬁw\

or'8 —

o6
£v'6 V

6b'6
0S°6 N.

Fose

Feoe

Fse1

880

6'0
6'0

ppm

13C {*H} NMR spectrum (75 MHz) of 7b in DMSO-ds

64°6T —
8y’ 1 —

94'SS —

€120D ¥£°9L
€102 9T°4L W
€100 65°LL

LE°60T —

SOPIT —
0e'stT -~
6€'8TT —

°9°S2T —
oz Ler —
L00ET ~
HIET
L8EET —

°EorT —

117291~
85°€9T —
LL9T

€0°6LT —

OMe
N
N
Me
|

ppm
38



OTH V9T —

09—

90t —

€9 —

€10aD 0€°L

e
12
bl
Sb'L
95, ~_

8S'LE
19°¢
9L
§S9°L
L9°L
TE8~L
bE'8
bE'8 N‘

958"

6v'6
Nm.mV

85'6
mm.mN.

'H NMR spectrum (300 MHz) of 7¢ in DMSO-ds

i

e

L

5

60

0'T

Te

6'0
0'T

ppm

13C {*H} NMR spectrum (125 MHz) of 7c in DMSO-ds

£€6'6T —

TL8S —

€10ad 16°9L N\
€10ad 9T°LL w
€10ad ¢r'LL

66°80T —

POBTT ~_
87511 —
61°81T ~=
e8I
60121
SS°STT N\
AN
€662~
TT°0ST =
et

TP 9eT —

b LbT —

00°€ST —
Sb'SST —

¥6'T9T —
€L°€9T —

ET°6LT —

ppm
39



'H NMR spectrum (300 MHz) of 7d in DMSO-ds
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'H NMR spectrum (300 MHz) of 7f in DMSO
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'H NMR spectrum (300 MHz) of 7g in DMSO-ds
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'H NMR spectrum (300 MHz) of 7i in DMSO-ds
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10. NMR *H and *3C spectra for compounds 9
'H NMR spectrum (300 MHz) of 9a in DMSO-ds
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'H NMR spectrum (300 MHz) of 9b in DMSO-ds
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13C {*H} NMR spectrum (125 MHz) of 9b in DMSO-ds

96°8T ~_
66T —
160t

9P-OSWA SE6E
9P-OSWA 2S°6€ —¢
9P-OSIWA 69°6€
9P-OSIWA 58°6€
9P-OSWA 200t

9P-0OSIWA 20°6€
9P-0SWa mﬁmm%

bE'SS —

60°vTT
STPIT v

[4 a4t
8v'9¢T ”
78'9CT ~
0€'82T —
8'6CT
£48°6CT N
[a4r4 3%
TLLET —
S OrT —

95651 —
28551 —
gsost
15091 ~

S9'99T ~
10291

€9'TLT —

10

20

30

40

50

60

70

80

90

100

110

120

130

140

150

160

170

180

ppm

48



'H NMR spectrum (300 MHz) of 9b’ in DMSO-ds
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'H NMR spectrum (300 MHz) of 9d in DMSO-ds
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'H NMR spectrum (300 MHz) of 9h in DMSO-ds
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'H NMR spectrum (300 MHz) of 9i in DMSO-ds

880\
160 —
€6°0 7

€re—
SE'C
LET V
[0 2x4
NTN*

9P-0OSWA 05°C

OTH €€°€ —

88'€ —

S¥'9 —

ST'L
8T°L
8T°L
PEL

wm.n%

6E°L
6E°L

1SL-F
€5°L \
95'L
69'L
oLL
L
[ 7473
€Ll
vLL
08’z

18°L
18°L
8L
L5°8

o
M\éQé

10'C
wﬁg.N

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

5.5

6.0

6.5

7.0

7.5

8.0

8.5

9.0

ppm

13C {*H} NMR spectrum (75 MHz) of 9i in DMSO-ds

198 —

06°'8T —

€9 —

ob‘OwZOmw.wm
WU‘OWZOmm.wm
9P-OSWA ST°6€

9P-OSWA 2S°6€ —¢
9P-OSIWA 08°6€
9P-OSWA 80°0t
9P-OSWA SE°0

9€°'65 —

90°2TT
80'PTT W
09'STT ~_
68'STT W
9591/,
TE6TT

96'b2T

§6'92T W

€b°0ET
¢9°0€T W.

98251~
$9'SST —
56'95T
¥6'65T —
6€19T -
£9'p9T —
£9'99T —
£€°0LT

PSTLT W

20 10

30

70

T T T T T T T T
170 160 150 140 130 120 110 100 90

T
180

ppm

58



'H NMR spectrum (300 MHz) of 9j in DMSO-ds
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11. NMR *H and *3C spectra for compounds 4, 6 and 8

'H NMR spectrum (300 MHz) of 4 in DMSO-ds
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'H NMR spectrum (300 MHz) of 6 in DMSO-ds
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'H NMR spectrum (300 MHz) of 8 in DMSO-ds
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12. Computational details

Initial geometries of all compounds were obtained with a conformational search procedure using CREST 3.0.1 program
package at GFN2-xTB level of theory?. The obtained geometries of lowest energy conformers were optimized at
PBEQ/def2-TZVP/CPCM(DMSO) level of theory in Orca 6.1.1 program package®. Analytical frequencies were calculated
at 298.15 K to confirm the absence of imaginary frequencies for all molecules and intermediates in ground singlet
state. Geometries of first singlet excited states were found with TD-DFT at PBEQ/def2-TZVP/CPCM(DMSO) level of
theory. The number of roots was set to 20 in all calculations. Analytical frequencies were calculated at 298.15 K for all
molecules in excited state. TD-DFT calculations were used to analyze the molecular orbital contributions to the vertical
electronic excitations. NTO analysis shows that the photoactivity of model derivative 5 is mainly associated with a
HOMO-LUMO transition.

2'S. Grimme. J. Chem. Theory Comput. 2019 15 (5), 2847-2862; Pracht P, Bohle F, Grimme S. Phys. Chem. Chem. Phys. 2020, 22,
7169-7192.
3 Neese, F. Wiley Interdiscip. Rev. Comput. Mol. Sci. 2012, 2, 73-78; Neese F, Wennmohs F, Becker U, Riplinger C. J. Chem. Phys.

2020, 152, 224108.
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Figure S1. Model of structure 5in So geometry
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Figure S2. Model of structure 5in S; geometry
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The lowest excited state (S1) is dominated by a HOMO—->LUMO transition (96.7%), while higher excited states
correspond to transitions involving deeper occupied orbitals (HOMO-1 and HOMO-2) to the LUMO.
TD-DFT calculations show that the S; state is dominated by a HOMO->LUMO excitation (=97%). The corresponding
NTO pair therefore closely resembles the frontier molecular orbitals and reveals that the excited-state electron density
remains largely localized on the pyranone fragment.

Table S1. Calculated vertical excitations by TD-DFT method for model compound 5

State Energy (eV) A (nm) Dominant transitions (weight)
S 2.114  586.6 92->93 (0.967) (HOMO-LUMO)
Sz 2917  425.0 92->94 (0.809); 92->95 (0.134)
Ss 3.398  364.9 91->93 (0.955)

Sa 3.621 342.4 90->93 (0.944)

Ss 3930 315.5 92->95 (0.668); 92->94 (0.164); 92->96 (0.119)
Se 4.074  304.3 91->94 (0.927)

Sz 4270  290.3 89->93 (0.926)

Se 4322  286.8 85->93 (0.519); 85594 (0.181)

Se 4363  284.2 88->93 (0.659); 92596 (0.158)

S0 4373 2835 92->96 (0.636); 88->93 (0.185)

NTO for state 1
E= 0.130161au 3.542eV 28566.9 cm**-1

92a-> 93a :n= 0.99332924
91a-> 94a : n= 0.00366948
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Atomic coordinates
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Figure 3. Model of structure 9 in S geometry
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Atomic coordinates
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Figure 4. Model of structure 9 in S; geometry
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H 2.316353 0.964872 0.650799
O 0.387676 -6.516425 0.287422
H -1.410881 -4.286791 -0.983402
C -1.434935 -5.350130 -0.737854
H -1.988034 -5.863805 -1.527031
H -1.935719 -5.503078 0.214709

Table 2. Calculated vertical excitations by TD-DFT method for model compound 9
State Energy (eV) A (nm) Dominant transitions (weight)
S 2.089 593.6 103->104 (0.967) (HOMO-LUMO)

s, 2971 417.3 103->105 (0.865); 103->106

(0.076)
Ss 3.342 371.0 102->104 (0.969)
S, 3.912 3169  97->104 (0.438); 98->104 (0.311)
Ss  3.939 314.8 101->104 (0.901)
103->106 (0.559); 103->107
Se  4.012 309.0 (0.211)
100->104 (0.462); 102->105
4.12 .
S; 0 300.9 (0.423)
100->104 (0.472); 102->105
1 299.
Ss  4.134 99.9 (0.430]
Se  4.240 292.4 99->104 (0.867)

S 4.286 289.3  98->104 (0.568); 97->104 (0.343)
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13. X-ray crystallographic data and refinement details.

X-ray diffraction data were collected at 100K on a four-circle Rigaku Synergy S diffractometer equipped with
a HyPix6000HE area-detector (kappa geometry, shutterless w-scan technique), using graphite
monochromatized Cu Kq-radiation. The intensity data were integrated and corrected for absorption and
decay by the CrysAlisPro program?. The structure was solved by direct methods using SHELXT? and refined
on F? using SHELXL-20183 in the OLEX2 program.* All non-hydrogen atoms were refined with individual
anisotropic displacement parameters. Locations of hydrogen atom was found from the electron density-
difference map; this hydrogen atom was refined with individual isotropic displacement parameters. All other
hydrogen atoms were placed in ideal calculated positions and refined as riding atoms with relative isotropic
displacement parameters.
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Crystallographic data for compound 2c

Table 1. Crystal data and structure refinement for 2c.
Identification code 2525369

Empirical formula  C23H180s

Formula weight 390.37

Temperature 99.97(15) K

Wavelength  1.54184 A

Crystal system Triclinic
Space group P-1
Unit cell dimensions a = 8.0262(2) A a=66.963(2)°.

b=10.3038(3) A  B=180.090(2)°.
c=125236(3) A  y=89.957(2)°.
Volume 936.35(4) A3

Z 2

Density (calculated) 1.385 mg/m?®
Absorption coefficient 0.834 mm*
F(000) 408

Crystal size  0.37 x 0.27 x 0.15 mm?®

Theta range for data collection 3.904 to 79.703°.
Index ranges -10<=h<=9, -13<=k<=13, -15<=I<=15
Reflections collected 24394

Independent reflections 4028 [R(int) = 0.0523]
Completeness to theta = 67.684°  99.8 %
Absorption correctionGaussian

Max. and min. transmission 1.000 and 0.319
Refinement method Full-matrix least-squares on F2
Data / restraints / parameters 4028 / 0 / 268
Goodness-of-fit on F21.068

Final R indices [I>2sigma(l)]R1 = 0.0510, wR2 = 0.1466
R indices (all data) R1 =0.0530, wR2 =0.1495
Largest diff. peak and hole 0.324 and -0.453 e. A
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Table 2. Atomic coordinates (x10%) and equivalent isotropic displacement parameters (Ax 10%) for 2¢. U(eq)
is defined as one third of the trace of the orthogonalized U" tensor.

X y z U(eq)

0O(1) 8538(1) 7311(1) 4282(1) 28(1)
0(2) 9984(1) 10469(1)  1062(1) 32(1)
0(3) 9617(1) 7766(1) 1235(1) 31(1)
O(4) 10835(1)  4829(1) 2461(1) 31(1)
0(5) 4885(1) 2895(1) 561(1) 30(1)

0(6) 8153(1) 2445(1) 4466(1) 32(1)
C(l) 8676(2) 8665(1) 4188(1) 28(1)
C(2) 9207(2) 9749(1) 3138(1) 29(1)
C(3) 9560(2) 9524(1) 2064(1) 27(1)
C(4) 9352(2) 8047(1) 2206(1) 27(1)
C(5) 8877(2) 6995(1) 3302(1) 26(1)
C(6) 8632(2) 5476(1) 3610(1) 26(1)
C(7) 9305(2) 4915(1) 2671(1) 26(1)
C(8) 8097(2) 4491(1) 2085(1) 26(1)
C(9) 6364(2) 4636(1) 2320(1) 28(1)
C(10) 5232(2) 4128(1) 1829(1) 28(1)
C(11) 5859(2) 3465(1) 1076(1) 26(1)
C(12) 7597(2) 3346(1) 803(1) 28(1)

C(13) 8698(2) 3844(1) 1307(1) 27(1)
C(14) 3085(2) 2853(2) 889(1) 33(1)

C(15) 7942(2) 4601(1) 4726(1) 29(1)
C(16) 7616(2) 3058(1) 5107(1) 28(1)
C(17) 6549(2) 2266(1) 6294(1) 28(1)
C(18) 5601(2) 1032(1) 6470(1) 30(1)
C(19) 4616(2) 243(2) 7559(1) 34(1)

C(20) 4572(2) 662(2) 8491(1) 36(1)

C(21) 5512(2) 1877(2) 8330(1) 35(1)
C(22) 6488(2) 2686(1) 7235(1) 30(1)
C(23) 8144(2) 8732(1) 5360(1) 32(1)
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Table 3. Bond lengths [A] and angles [°] for 2c.

O(1)-C(1)  1.3560(15)
O(1)-C(5)  1.3729(15)
0(2)-C(3)  1.2393(17)
0(3)-H(3)  0.88(3)
0(3)-C(4)  1.3391(16)
0(4)-C(7)  1.2211(16)
0(5)-C(11)  1.3572(16)
O(5)-C(14)  1.4285(16)
0(6)-C(16)  1.2265(17)
C(1)-C(2)  1.349(2)
C(1)-C(23)  1.4843(18)
C(2)-H(2)  0.9500
C(2)-C(3)  1.4335(18)
C(3)-C(4)  1.4680(17)
C(4)-C(5)  1.3634(19)
C(5)-C(6)  1.4621(17)
C(6)-C(7)  1.5246(17)
C(6)-C(15)  1.3493(19)
C(7)-C(8)  1.4719(18)
C(8)-C(9)  1.3921(18)
C(8)-C(13)  1.4035(17)
C(9)-H(9)  0.9500
C(9)-C(10)  1.3870(19)
C(10)-H(10) 0.9500
C(10)-C(11) 1.3969(18)
C(11)-C(12) 1.3948(19)
C(12)-H(12) 0.9500
C(12)-C(13) 1.3747(19)
C(13)-H(13) 0.9500
C(14)-H(14A) 0.9800
C(14)-H(14B) 0.9800
C(14)-H(14C) 0.9800

C(15)-H(15) 0.9500
C(15)-C(16) 1.4795(18)
C(16)-C(17) 1.4905(19)
C(17)-C(18) 1.4029(18)
C(17)-C(22) 1.3998(19)
C(18)-H(18) 0.9500
C(18)-C(19) 1.381(2)
C(19)-H(19) 0.9500
C(19)-C(20) 1.389(2)
C(20)-H(20) 0.9500
C(20)-C(21) 1.388(2)
C(21)-H(21) 0.9500
C(21)-C(22) 1.387(2)
C(22)-H(22) 0.9500

C(23)-H(23A) 0.9800
C(23)-H(23B) 0.9800
C(23)-H(23C) 0.9800

C(1)-0(1)-C(5) 121.19(11)
C(4)-0(3)-H(3) 113.8(16)



C(11)-0(5)-C(14)  118.06(11)
0(1)-C(1)-C(23)  110.71(11)
C(2)-C(1)-0(1) 121.56(12)
C(2)-C(1)-C(23)  127.72(12)
C(1)-C(2)-H(2) 119.4

C(1)-C(2)-C(3) 121.12(12)
C(3)-C(2)-H(2) 119.4

0(2)-C(3)-C(2) 125.05(12)
0(2)-C(3)-C(4) 119.64(12)
C(2)-C(3)-C(4) 115.30(12)
0(3)-C(4)-C(3) 118.39(12)
0(3)-C(4)-C(5) 121.19(11)
C(5)-C(4)-C(3) 120.41(12)
0(1)-C(5)-C(6) 111.73(11)
C(4)-C(5)-0(1) 120.32(11)
C(4)-C(5)-C(6) 127.94(12)
C(5)-C(6)-C(7) 118.16(11)
C(15)-C(6)-C(5)  119.98(12)
C(15)-C(6)-C(7)  121.67(11)
0(4)-C(7)-C(6) 117.21(11)
0(4)-C(7)-C(8) 123.79(12)
C(8)-C(7)-C(6) 119.00(11)
C(9)-C(8)-C(7) 122.48(12)
C(9)-C(8)-C(13)  118.55(12)
C(13)-C(8)-C(7)  118.88(12)
C(8)-C(9)-H(9) 119.2

C(10)-C(9)-C(8)  121.50(12)
C(10)-C(9)-H(9)  119.2

C(9)-C(10)-H(10) 1206

C(9)-C(10)-C(11)  118.80(12)
C(11)-C(10)-H(10) 120.6

0(5)-C(11)-C(10)  124.61(12)
0(5)-C(11)-C(12)  114.94(11)
C(12)-C(11)-C(10) 120.45(12)
C(11)-C(12)-H(12) 120.1

C(13)-C(12)-C(11) 119.89(12)
C(13)-C(12)-H(12) 120.1

C(8)-C(13)-H(13) 1196

C(12)-C(13)-C(8)  120.76(12)
C(12)-C(13)-H(13) 119.6

0(5)-C(14)-H(14A) 109.5
0(5)-C(14)-H(14B) 109.5
0(5)-C(14)-H(14C) 109.5

H(14A)-C(14)-H(14B) 109.5
H(14A)-C(14)-H(14C) 109.5
H(14B)-C(14)-H(14C) 109.5

C(6)-C(15)-H(15)
C(6)-C(15)-C(16)
C(16)-C(15)-H(15)
0(6)-C(16)-C(15)
0(6)-C(16)-C(17)
C(15)-C(16)-C(17)
C(18)-C(17)-C(16)
C(22)-C(17)-C(16)

118.3
123.47(12)
118.3

121.98(13)
120.56(12)
117.43(11)
117.98(12)
122.83(12)
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C(22)-C(17)-C(18)
C(17)-C(18)-H(18)
C(19)-C(18)-C(17)
C(19)-C(18)-H(18)
C(18)-C(19)-H(19)
C(18)-C(19)-C(20)
C(20)-C(19)-H(19)
C(19)-C(20)-H(20)
C(21)-C(20)-C(19)
C(21)-C(20)-H(20)
C(20)-C(21)-H(21)
C(22)-C(21)-C(20)
C(22)-C(21)-H(21)
C(17)-C(22)-H(22)
C(21)-C(22)-C(17)
C(21)-C(22)-H(22)
C(1)-C(23)-H(23A)
C(1)-C(23)-H(23B)
C(1)-C(23)-H(23C)

119.17(13)
119.8
120.40(13)
119.8
120.0
120.06(13)
120.0
119.9
120.10(14)
119.9
119.9
120.27(14)
119.9
120.0
120.00(13)
120.0
109.5
109.5
109.5

H(23A)-C(23)-H(23B) 109.5
H(23A)-C(23)-H(23C) 109.5
H(23B)-C(23)-H(23C) 109.5

Symmetry transformations used to generate equivalent atoms:
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Table 4. Anisotropic displacement parameters (A?x 10%) for 2¢. The anisotropic displacement factor exponent
takes the form: -2z°[h%a*2U + ... + 2hka*b*U*?]

Ull U22 U33 U23 U13 U12

O(1) 38(1) 21(1) 26(1) -12(1) -6(1) 2(1)
0(2) 42(1) 24(1) 28(1) -9(1) -6(1) -2(1)
0(3) 43(1) 25(1) 26(1) -12(1) -4(1) 1(1)
0(4) 29(1) 30(1) 36(1) -16(1) -7(1) 3(1)
O() 29(1) 32(1) 34(1) -17(1) -8(1) 2(1)
0(6) 43(1) 25(1) 31(1) -13(1) -5(1) 4(1)
C(1) 32(1) 23(1) 32(1) -14(1) -9(1) 4(1)
C(2) 35(1) 22(1) 32(1) -14(1) -9(1) 3(1)
C(3) 29(1) 25(1) 29(1) -11(1) -7(1) 2(1)
C(4) 30(1) 25(1) 28(1) -12(1) -6(1) 2(1)
C(5) 31(1) 24(1) 27(1) -13(1) -6(1) 3(1)
C(6) 29(1) 24(1) 29(1) -13(1) -8(1) 3(1)
C(7) 31(1) 20(1) 27(1) -9(1) -4(1) 2(1)
C(8) 30(1) 21(1) 26(1) -9(1) -4(1) 3(1)
C(9) 31(1) 25(1) 28(1) -13(1) -4(1) 4(1)
C(10) 27(1) 27(1) 30(1) -12(1) -4(1) 4(1)
C(11) 30(1) 23(1) 26(1) -9(1) -7(1) 2(1)
C(12) 31(1) 28(1) 28(1) -14(1) -4(1) 4(1)
C(13) 28(1) 26(1) 28(1) -12(1) -3(1) 3(1)
C(14) 28(1) 34(1) 38(1) -14(1) -8(1) 0(1)
C(15) 35(1) 25(1) 29(1) -13(1) -7(1) 2(1)
C(16) 34(1) 24(1) 28(1) -11(1) -9(1) 4(1)
C(17) 31(1) 24(1) 29(1) -11(1) -9(1) 5(1)
C(18) 35(1) 24(1) 34(1) -11(1) -11(1) 4(1)
C(19) 33(1) 26(1) 39(1) -9(1) -10(1) 2(1)
C(20) 36(1) 34(1) 32(1) -6(1) -4(1) 4(1)
C(21) 43(1) 35(1) 28(1) -12(1) -8(1) 6(1)
C(22) 34(1) 27(1) 32(1) -13(1) -9(1) 5(1)
C(23) 41(1) 27(1) 31(1) -16(1) -6(1) 4(1)
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Table 5. Hydrogen coordinates (x10%) and isotropic displacement parameters (A2x10°) for 2c.

X y Z U(eq)

H(3) 9800(30)  8530(30)  570(20) 61(7)
H(2) 9351 10678 3109 34
H(©) 5947 5094 2830 33
H(10) 4051 4229 2002 33
H(12) 8019 2923 269 34
H(13) 9879 3750 1128 33

H(14A) 2543 2408 461 50
H(14B) 2734 3818 690 50
H(14C) 2743 2305 1741 50

H(15) 7650 4996 5297 35
H(18) 5636 738 5837 36
H(19) 3969 -586 7671 40
H(20) 3897 116 9241 44
H(21) 5487 2155 8971 42
H(22) 7115 3525 7125 36
H(23A) 8326 9707 5283 47
H(23B) 8815 8115 5915 47
H(23C) 6939 8418 5654 47

78



Table 6. Torsion angles [°] for 2c.

0(1)-C(1)-C(2)-C(3) 3.5(2)
0(1)-C(5)-C(6)-C(7) -167.32(11)
0(1)-C(5)-C(6)-C(15) 7.77(18)
0(2)-C(3)-C(4)-0(3) -0.56(19)
0(2)-C(3)-C(4)-C(5) -179.65(13)
0(3)-C(4)-C(5)-O(1) -177.08(11)
0(3)-C(4)-C(5)-C(6) 1.8(2)
0(4)-C(7)-C(8)-C(9) -178.28(12)

0(4)-C(7)-C(8)-C(13) 5.32(19)
0(5)-C(11)-C(12)-C(13)  -177.79(11)
0(6)-C(16)-C(17)-C(18)  -26.28(19)

0(6)-C(16)-C(17)-C(22)  152.23(13)

C(1)-0(1)-C(5)-C(4) -0.45(19)
C(1)-0(1)-C(5)-C(6) -179.50(11)
C(1)-C(2)-C(3)-0(2) 176.88(13)
C(1)-C(2)-C(3)-C(4) -1.87(19)
C(2)-C(3)-C(4)-O(3) 178.25(11)
C(2)-C(3)-C(4)-C(5) -0.83(19)
C(3)-C(4)-C(5)-0(1) 2.0(2)
C(3)-C(4)-C(5)-C(6) -179.14(12)
C(4)-C(5)-C(6)-C(7) 13.7(2)
C(4)-C(5)-C(6)-C(15)-171.19(14)

C(5)-0(1)-C(1)-C(2) -2.34(19)

C(5)-0(1)-C(1)-C(23)

176.60(11)

C(5)-C(6)-C(7)-O(4) 75.40(16)
C(5)-C(6)-C(7)-C(8) -105.50(14)

C(5)-C(6)-C(15)-C(16)

178.65(12)

C(6)-C(7)-C(8)-C(9) 2.68(18)
C(6)-C(7)-C(8)-C(13)-173.71(11)

C(6)-C(15)-C(16)-0(6)  9.6(2)
C(6)-C(15)-C(16)-C(17)  -168.32(13)
C(7)-C(6)-C(15)-C(16) -6.4(2)

C(7)-C(8)-C(9)-C(10)-174.83(12)

C(7)-C(8)-C(13)-C(12) 175.62(12)
C(8)-C(9)-C(10)-C(11) -0.4(2)
C(9)-C(8)-C(13)-C(12) -0.92(19)
C(9)-C(10)-C(11)-0(5) 178.42(12)
C(9)-C(10)-C(11)-C(12)  -1.4(2)
C(10)-C(11)-C(12)-C(13)  2.1(2)
C(11)-C(12)-C(13)-C(8)  -0.9(2)
C(13)-C(8)-C(9)-C(10) 1.6(2)
C(14)-0(5)-C(11)-C(10)  -5.87(19)
C(14)-0(5)-C(11)-C(12)  174.01(11)
C(15)-C(6)-C(7)-0(4) -99.60(15)

C(15)-C(6)-C(7)-C(8)79.50(16)

C(15)-C(16)-C(17)-C(18)  151.65(13)
C(15)-C(16)-C(17)-C(22)  -29.84(19)
C(16)-C(17)-C(18)-C(19)  178.73(12)
C(16)-C(17)-C(22)-C(21)  -177.85(13)
C(17)-C(18)-C(19)-C(20)  -0.6(2)
C(18)-C(17)-C(22)-C(21)  0.6(2)
C(18)-C(19)-C(20)-C(21)  0.2(2)
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C(19)-C(20)-C(21)-C(22)  0.6(2)
C(20)-C(21)-C(22)-C(17)  -1.0(2)
C(22)-C(17)-C(18)-C(19)  0.2(2)
C(23)-C(1)-C(2)-C(3)-175.26(13)

Symmetry transformations used to generate equivalent atoms:
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Table 7. Hydrogen bonds for 2¢ [A and °].

D-H..A d(D-H)d(H...A) d(D...A) <(DHA)

0(3)-H(3)...0(2)#1 0.88(3)1.87(3)2.6976(14)  155(2)

Symmetry transformations used to generate equivalent atoms:
#1 -x+2,-y+2,-z
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Crystallographic data for compound 7c¢

Table 8. Crystal data and structure refinement for 7c.

Identification code 2525368

Empirical formula  C24H17CIzN203

Formula weight 487.74

Temperature 99.96(16) K

Wavelength  1.54184 A

Crystal system Monoclinic

Space group P2i/c

Unit cell dimensions a = 10.17070(10) A o= 90°.
b=30.9855(4) A p=109.806(2)°.
c=7.13450(10) A  y=90°.

Volume 2115.39(5) A3

Z 4

Density (calculated) 1.531 Mg/m?®
Absorption coefficient 4.188 mm™
F(000) 1000

Crystal size  0.32x0.16 x 0.12 mm?®

Theta range for data collection 2.852 t0 79.612°.
Index ranges -12<=h<=12, -38<=k<=39, -6<=I<=8
Reflections collected 16251

Independent reflections 4376 [R(int) = 0.0324]
Completeness to theta = 67.684°  98.8 %
Absorption correctionGaussian

Max. and min. transmission 1.000 and 0.401
Refinement method  Full-matrix least-squares on F?
Data / restraints / parameters 4376 / 0/ 291
Goodness-of-fit on F21.075

Final R indices [I>2sigma(l)]R1 = 0.0318, wR2 = 0.0836
R indices (all data) R1 =0.0342, wR2 =0.0852
Largest diff. peak and hole 0.342 and -0.527 e. A
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Table 9. Atomic coordinates (x10%) and equivalent isotropic displacement parameters (Ax 10%) for 7¢. U(eq)
is defined as one third of the trace of the orthogonalized U" tensor.

X y z U(eq)

CI(1) 3959(1) 5453(1) 10600(1)  31(1)
Cl(2) 1557(1) 5642(1) 7072(1) 32(1)
CI(3) 4347(1) 5796(1) 7071(1) 39(1)
O(1) 4288(1) 7862(1) 2492(1) 18(1)
0(2) 3149(1) 6617(1) 1040(2) 23(1)
0(3) 6350(1) 5638(1) 4860(2) 28(1)
N(1) 9298(1) 7942(1) 6476(2) 24(1)
N(2) 8991(1) 7526(1) 6259(2) 23(1)
C(1) 8301(1) 8245(1) 5722(2) 20(1)
C(2) 6925(1) 8136(1) 4643(2) 20(1)
C(3) 6593(1) 7700(1) 4403(2) 18(1)
C(4) 5220(1) 7539(1) 3266(2) 17(1)
C(5) 2950(1) 7761(1) 1327(2) 18(1)
C(6) 2558(1) 7350(1) 864(2) 19(1)

C(7) 3505(1) 6991(1) 1588(2) 18(1)
c(8) 4912(1) 7108(1) 2979(2) 17(1)
C(9) 5995(1) 6794(1) 4001(2) 18(1)
C(10) 5714(2) 6350(1) 3977(2) 21(1)
C(11) 6756(2) 6061(1) 4993(2) 23(1)
C(12) 8108(2) 6205(1) 6047(2) 24(1)
C(13) 8396(2) 6639(1) 6087(2) 24(1)
C(14) 7365(1) 6940(1) 5099(2) 20(1)
C(15) 7663(1) 7398(1) 5255(2) 19(1)
C(16) 8769(2) 8701(1) 6077(2) 21(1)
C(17) 7832(2) 9026(1) 6102(2) 23(1)
C(18) 8264(2) 9453(1) 6415(2) 26(1)
C(19) 9647(2) 9559(1) 6709(2) 28(1)
C(20) 10593(2)  9236(1) 6686(2) 29(1)
C(21) 10162(2)  8808(1) 6371(2) 25(1)
C(22) 2079(2) 8155(1) 717(2) 23(1)

C(23) 7369(2) 5324(1) 5891(2) 32(1)
C(24) 3263(2) 5799(1) 8543(2) 26(1)
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Table 10. Bond lengths [A] and angles [°] for 7c.

CI(1)-C(24) 1.7594(16)
CI(2)-C(24) 1.7648(16)
CI(3)-C(24) 1.7618(16)
O(1)-C(4)  1.3620(17)
O(1)-C(5)  1.3689(16)
0(2)-C(7)  1.2378(18)
0(3)-C(11)  1.3666(19)
0(3)-C(23)  1.4322(19)
N(1)-N(2)  1.3231(19)
N(1)-C(1)  1.353(2)
N(2)-C(15)  1.3564(18)
C(1)-C(2) 1.3921(19)
C(1)-C(16)  1.483(2)
C(2)-H(2)  0.9500
C(2)-C(3)  1.389(2)
C(3)-C(4)  1.4452(19)
C(3)-C(15)  1.407(2)
C(4)-C(8)  1.371(2)
C(5)-C(6)  1.341(2)
C(5)-C(22) 1.483(2)
C(6)-H(6)  0.9500
C(6)-C(7)  1.448(2)
C(7)-C(8)  1.4836(18)
C(8)-C(9)  1.4646(19)
C(9)-C(10)  1.403(2)
C(9)-C(14)  1.4213(19)

C(10)-H(10) 0.9500
C(10)-C(11) 1.389(2)
C(11)-C(12) 1.398(2)
C(12)-H(12) 0.9500
C(12)-C(13) 1.375(2)
C(13)-H(13) 0.9500
C(13)-C(14) 1.403(2)
C(14)-C(15) 1.446(2)
C(16)-C(17) 1.392(2)
C(16)-C(21) 1.400(2)
C(17)-H(17) 0.9500
C(17)-C(18) 1.387(2)
C(18)-H(18) 0.9500
C(18)-C(19) 1.389(2)
C(19)-H(19) 0.9500
C(19)-C(20) 1.390(3)
C(20)-H(20) 0.9500
C(20)-C(21) 1.392(2)
C(21)-H(21) 0.9500

C(22)-H(22A) 0.9800
C(22)-H(22B) 0.9800
C(22)-H(22C) 0.9800
C(23)-H(23A) 0.9800
C(23)-H(23B) 0.9800
C(23)-H(23C) 0.9800

C(24)-H(24) 1.0000
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C(4)-0(1)-C(5)
C(11)-0(3)-C(23)
N(2)-N(1)-C(1)
N(1)-N(2)-C(15)
N(1)-C(1)-C(2)
N(1)-C(1)-C(16)
C(2)-C(1)-C(16)
C(1)-C(2)-H(2)
C(3)-C(2)-C(1)
C(3)-C(2)-H(2)
C(2)-C(3)-C(4)
C(2)-C(3)-C(15)
C(15)-C(3)-C(4)
O(1)-C(4)-C(3)
0(1)-C(4)-C(8)
C(8)-C(4)-C(3)
0(1)-C(5)-C(22)
C(6)-C(5)-0(1)
C(6)-C(5)-C(22)
C(5)-C(6)-H(6)
C(5)-C(6)-C(7)
C(7)-C(6)-H(6)
0(2)-C(7)-C(6)
0(2)-C(7)-C(8)
C(6)-C(7)-C(8)
C(4)-C(8)-C(7)
C(4)-C(8)-C(9)
C(9)-C(8)-C(7)
C(10)-C(9)-C(8)
C(10)-C(9)-C(14)
C(14)-C(9)-C(8)
C(9)-C(10)-H(10)
C(11)-C(10)-C(9)
C(11)-C(10)-H(10)
0(3)-C(11)-C(10)
0(3)-C(11)-C(12)
C(10)-C(11)-C(12)
C(11)-C(12)-H(12)
C(13)-C(12)-C(11)
C(13)-C(12)-H(12)
C(12)-C(13)-H(13)
C(12)-C(13)-C(14)
C(14)-C(13)-H(13)
C(9)-C(14)-C(15)
C(13)-C(14)-C(9)
C(13)-C(14)-C(15)
N(2)-C(15)-C(3)
N(2)-C(15)-C(14)
C(3)-C(15)-C(14)
C(17)-C(16)-C(1)
C(17)-C(16)-C(21)
C(21)-C(16)-C(1)
C(16)-C(17)-H(17)

119.34(11)
117.90(13)
120.99(12)
120.03(13)
121.86(14)
116.05(12)
122.08(13)
121.2

117.56(13)
121.2

123.59(13)
118.24(13)
118.13(13)
112.39(12)
124.33(12)
123.28(13)
111.23(12)
121.20(13)
127.57(13)
118.8

122.40(13)
118.8

121.32(12)
123.50(13)
115.17(12)
117.20(12)
118.46(12)
124.31(12)
121.90(13)
118.49(13)
119.59(13)
119.7

120.64(14)
119.7

115.02(14)
124.15(13)
120.83(14)
120.5

119.10(14)
120.5

119.2

121.55(14)
119.2

119.76(13)
119.38(14)
120.80(13)
121.29(14)
118.26(13)
120.45(12)
120.69(13)
119.23(14)
120.08(14)
119.6
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C(18)-C(17)-C(16)
C(18)-C(17)-H(17)
C(17)-C(18)-H(18)
C(17)-C(18)-C(19)
C(19)-C(18)-H(18)
C(18)-C(19)-H(19)
C(18)-C(19)-C(20)
C(20)-C(19)-H(19)
C(19)-C(20)-H(20)
C(19)-C(20)-C(21)
C(21)-C(20)-H(20)
C(16)-C(21)-H(21)
C(20)-C(21)-C(16)
C(20)-C(21)-H(21)
C(5)-C(22)-H(22A)
C(5)-C(22)-H(22B)
C(5)-C(22)-H(22C)

H(22A)-C(22)-H(22B)
H(22A)-C(22)-H(22C)
H(22B)-C(22)-H(22C)

120.81(14)
119.6
120.1
119.84(16)
120.1
120.0
119.92(15)
120.0
119.8
120.33(14)
119.8
120.1
119.87(15)
120.1
109.5
109.5
109.5

109.5
109.5
109.5

0(3)-C(23)-H(23A) 109.5
0(3)-C(23)-H(23B) 109.5
0(3)-C(23)-H(23C) 109.5

H(23A)-C(23)-H(23B) 109.5
H(23A)-C(23)-H(23C) 109.5
H(23B)-C(23)-H(23C) 109.5
CI(1)-C(24)-CI(2)  111.44(9)
CI(1)-C(24)-CI(3)  109.80(8)
CI(1)-C(24)-H(24)  108.7
CI(2)-C(24)-H(24) 108.7
CI(3)-C(24)-CI(2)  109.44(8)
CI(3)-C(24)-H(24)  108.7

Symmetry transformations used to generate equivalent atoms:
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Table 11. Anisotropic displacement parameters (A?x10°) for 7¢. The anisotropic displacement factor exponent
takes the form: -2z°[h%a*2U" + ...

+ 2hka*b*U2]

Ull

U22

U33

U23

Ul3

U12

CI(1)
Cl(2)
CI(3)
O(1)
0(2)
O(3)
N(1)
N(2)
C(1)
C(2)
C(3)
C(4)
C(®)
C(6)
C(7)
C(8)
C(9)
C(10)
C(11)
C(12)
C(13)
C(14)
C(15)
C(16)
C(17)
C(18)

29(1)
20(1)
27(1)
12(1)
19(1)
30(1)
16(1)
15(1)
15(1)
16(1)
14(1)
13(1)
13(1)
14(1)
15(1)
14(1)
16(1)
19(1)
25(1)
22(1)
17(1)
16(1)
14(1)
16(1)
19(1)
27(1)

C(19) 31(1)
C(20) 21(1)
c(21) 17(1)
C(22) 16(1)
C(23) 39(1)
C(24) 25(1)

32(1)
42(1)
55(1)
21(1)
21(1)
23(1)
31(1)
32(1)
31(1)
28(1)
28(1)
24(1)
27(1)
25(1)
23(1)
24(1)
26(1)
26(1)
26(1)
32(1)
36(1)
29(1)
30(1)
32(1)
32(1)
31(1)
31(1)
41(1)
37(1)
23(1)
28(1)
24(1)

28(1)
31(1)
38(1)
17(1)
26(1)
26(1)
21(1)
20(1)
15(1)
15(1)
13(1)
14(1)
14(1)
17(1)
16(1)
14(1)
14(1)
18(1)
18(1)
18(1)
17(1)
15(1)
14(1)
13(1)
17(1)
20(1)
21(1)
23(1)
19(1)
25(1)
25(1)
27(1)

2(1)
1(1)
2(1)
0(1)
-2(1)
3(1)
-2(1)
-2(1)
-1(1)
0(1)
0(1)
1(1)
-1(1)
-1(1)
-1(1)
0(1)
0(1)
1(1)
0(1)
2(1)
-1(1)
-1(1)
-1(1)
0(1)
0(1)
0(1)
-1(1)
0(1)
-1(1)
-1(1)
4(1)
-2(1)

4(1)
4(1)
14(1)
1(1)
3(1)
5(1)
3(1)
3(1)
5(1)
5(1)
5(1)
5(1)
2(1)
3(1)
6(1)
5(1)
6(1)
5(1)
9(1)
5(1)
4(1)
6(1)
5(1)
3(1)
4(1)
6(1)
6(1)
4(1)
4(1)
0(1)
6(1)
6(1)

6(1)
2(1)
-6(1)
0(1)
-1(1)
8(1)
-2(1)
0(1)
-2(1)
0(1)
-1(1)
1(1)
0(1)
-1(1)
-1(1)
2(1)
3(1)
4(1)
6(1)
12(1)
6(1)
3(1)
1(1)
-4(1)
-4(1)
-2(1)
-10(1)
-10(1)
-4(1)
1(1)
14(1)
2(1)
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Table 12. Hydrogen coordinates (x10%) and isotropic displacement parameters (A2x10°) for 7c.

X y Z U(eq)

H(2) 6238 8351 4090 24
H6) 1626 7293 31 23
H(10) 4803 6247 3258 26
H(12) 8818 6005 6727 29
H(13) 9314 6737 6801 29
H(17) 6886 8955 5903 28
H(18) 7615 9673 6428 32
H(19) 9946 9850 6926 34
H(20) 11538 9309 6886 35
H(21) 10811 8589 6355 30

H(22A) 1171 8077 -261 35
H(22B) 2551 8362 123 35
H(22C) 1938 8285 1887 35
H(23A) 6941 5036 5679 48
H(23B) 7713 5390 7319 48
H(23C) 8151 5330 5381 48

H(24) 3228 6098 9042 31
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Table 13. Torsion angles [°] for 7c.

O(1)-C(4)-C(8)-C(7) 5.64(19)
O(1)-C(4)-C(8)-C(9) -176.32(11)
0(1)-C(5)-C(6)-C(7) 1.2(2)
0(2)-C(7)-C(8)-C(4) 172.10(13)
0(2)-C(7)-C(8)-C(9) -5.8(2)
0(3)-C(11)-C(12)-C(13)  -179.67(13)
N(1)-N(2)-C(15)-C(3) 0.9(2)
N(1)-N(2)-C(15)-C(14)  -178.35(12)
N(1)-C(1)-C(2)-C(3) 1.6(2)
N(1)-C(1)-C(16)-C(17)  -154.62(13)
N(1)-C(1)-C(16)-C(21)  26.02(18)
N(2)-N(1)-C(1)-C(2) -1.8(2)
N(2)-N(1)-C(1)-C(16) 179.43(12)
C(1)-N(1)-N(2)-C(15) 0.5(2)
C(1)-C(2)-C(3)-C(4) -177.89(12)
C(1)-C(2)-C(3)-C(15)-0.24(19)
C(1)-C(16)-C(17)-C(18)  -179.39(13)
C(1)-C(16)-C(21)-C(20)  179.44(13)
C(2)-C(1)-C(16)-C(17) 26.7(2)
C(2)-C(1)-C(16)-C(21) -152.71(13)
C(2)-C(3)-C(4)-O(1) -1.19(18)
C(2)-C(3)-C(4)-C(8) 177.70(13)
C(2)-C(3)-C(15)-N(2) -0.99(19)
C(2)-C(3)-C(15)-C(14) 178.20(12)
C(3)-C(4)-C(8)-C(7) -173.11(12)
C(3)-C(4)-C(8)-C(9) 4.93(19)
C(4)-O(1)-C(5)-C(6) -2.86(18)
C(4)-0(1)-C(5)-C(22) 177.02(11)
C(4)-C(3)-C(15)-N(2) 176.79(12)
C(4)-C(3)-C(15)-C(14) -4.01(18)
C(4)-C(8)-C(9)-C(10)172.31(12)
C(4)-C(8)-C(9)-C(14)-5.98(19)
C(5)-0(1)-C(4)-C(3) 178.10(11)
C(5)-0(1)-C(4)-C(8) -0.77(19)
C(5)-C(6)-C(7)-0(2) -175.23(13)
C(5)-C(6)-C(7)-C(8) 3.66(19)
C(6)-C(7)-C(8)-C(4) -6.75(17)
C(6)-C(7)-C(8)-C(9) 175.34(12)
C(7)-C(8)-C(9)-C(10)-9.8(2)
C(7)-C(8)-C(9)-C(14)171.90(12)
C(8)-C(9)-C(10)-C(11) -178.71(13)
C(8)-C(9)-C(14)-C(13) 179.53(12)
C(8)-C(9)-C(14)-C(15) 2.19(19)
C(9)-C(10)-C(11)-0(3)  179.79(12)
C(9)-C(10)-C(11)-C(12)  -0.6(2)
C(9)-C(14)-C(15)-N(2)  -177.93(12)
C(9)-C(14)-C(15)-C(3) 2.85(19)
C(10)-C(9)-C(14)-C(13)  1.18(19)
C(10)-C(9)-C(14)-C(15)  -176.15(12)
C(10)-C(11)-C(12)-C(13)  0.7(2)
C(11)-C(12)-C(13)-C(14)  0.1(2)
C(12)-C(13)-C(14)-C(9)  -1.1(2)
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C(12)-C(13)-C(14)-C(15)  176.25(13)
C(13)-C(14)-C(15)-N(2)  4.77(19)
C(13)-C(14)-C(15)-C(3)  -174.45(12)
C(14)-C(9)-C(10)-C(11)  -0.4(2)
C(15)-C(3)-C(4)-0(1) -178.85(11)
C(15)-C(3)-C(4)-C(8)0.04(19)
C(16)-C(1)-C(2)-C(3)-179.71(12)
C(16)-C(17)-C(18)-C(19)  -0.1(2)
C(17)-C(16)-C(21)-C(20)  0.1(2)
C(17)-C(18)-C(19)-C(20)  0.1(2)
C(18)-C(19)-C(20)-C(21)  -0.1(2)
C(19)-C(20)-C(21)-C(16)  0.0(2)
C(21)-C(16)-C(17)-C(18)  0.0(2)
C(22)-C(5)-C(6)-C(7)-178.70(13)
C(23)-0(3)-C(11)-C(10)  -179.35(13)
C(23)-0(3)-C(11)-C(12)  1.0(2)

Symmetry transformations used to generate equivalent atoms:
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