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1. General experimental methods

The progress of reactions and the purity of the products were monitored by TLC on Sorbﬁl plates (spots were visualized under UV light, by treatment with iodine vapor, or by heating). The IR spectra were recorded on an FSM-2201 spectrometer with Fourier transform from samples dispersed in mineral oil. The NMR spectra were measured in DMSO-d6 on a Bruker DRX-500 spectrometer using tetramethylsilane as an internal reference. Elemental analyses were performed using a FlashEA 1112 CHN analyzer. The mass spectra (electron impact, 70 eV) were obtained on a Finnigan MAT INCOS-50 spectrometer. The UV-Vis spectra were recorded on an Agilent Cary 60 UV-Vis Spectrophotometer. To study the photochromic behavior of compounds, the solutions were irradiated with non-filtered visible light by LED XM-LT6 CREE (spectral range of 400-700 nm, a luminous power density is equal to 205 mW/cm2) at 20 °C. Melting points were determined on the device OptiMelt MPA100. The X-ray data of 6 were collected by using STOE diffractometer Pilatus100K detector, focusing mirror collimation Cu Ka (1.54086Å) radiation, rotation method mode. STOE X-AREA software was used for cells refinement and data reduction. Data collection and image processing were performed with X-Area 1.67 (STOE & Cie GmbH, Darmstadt, Germany, 2013). Intensity data were scaled with LANA (part of X-Area) in order to minimize differences of intensities of symmetry-equivalent reflections (multi-scan method). The structures were solved and refined with SHELX program. The non-hydrogen atoms were refined by using the anisotropic full matrix least-square procedure. 4-Me-HTCP 1 was synthesized according to the method,[25] pyrrole 2 was prepared according to the procedure,[22] methoxy derivative 3 was obtained according to the protocol,[24] and aldehyde 7 was synthesized according to the method.[26]
2. Synthesis
Preparation of (E)-2-(3-cyano-4-(2-hydroxystyryl)-5-methoxy-5-methyl-1,5-dihydro-2H-pyrrol-2-ylidene)malononitrile 4. 

To 6 mL of ethanol in an argon atmosphere 0.643 g (3 mmol) of compound 3, 0.391 g (3.2 mmol) of salicylic aldehyde and 0.232 g (3 mmol) of ammonium acetate were added. The mixture was stirred for 6 h at room temperature (TLC controlled), and then the solvent was removed in vacuo. The residue was chromatographed on a column with silica gel (0.015-0.040 mm) eluating with mixture of ethyl acetate:hexane (firstly 1:9, then 1:1 by volume) to afford yellow fraction. After the solvent was removed, the residue was dissolved in ethyl acetate and hexane was gradually added. The precipitated solid was filtered off, then washed with EtOAc:hexane (1:5). The product was dried over CaCl2 in a vacuum desiccator.
Preparation of (E)-2-(3-cyano-5-methoxy-4-(2-methoxystyryl)-1,5-dimethyl-1,5-dihydro-2H-pyrrol-2-ylidene)malononitrile 5.

0.439 g (1.38 mmol) of compound 4, 0.456 g of K2СО3 (1.40 mmol) and 0.39 g (2.76 mmol) of methyl iodide were mixed in 5 mL of DMF in an argon atmosphere. The reaction mixture was stirred for 8 h at room temperature, and then 10 mL of water was added. The mixture was stirred for 20 min and the precipitated product was filtered off, washed with water and cold propan-2-ol. The product was dried over CaCl2 in a vacuum desiccator.
Preparation of (E)-2-(3-cyano-4-(2-(ethoxymethoxy)styryl)-5-methoxy-5-methyl-1,5-dihydro-2H-pyrrol-2-ylidene)malononitrile 8.

To 5 mL of ethanol (96%) in an argon atmosphere 0.536 g (2.5 mmol) of compound 3, 0.488 g (2.7 ммоль) of aldehyde 7 and 0.193 g (2.5 mmol) of ammonium acetate were added. The resulting mixture was stirred for 4 h at room temperature (TLC controlled), then cooled to 0 °С. The precipitated solid was filtered off, washed with 1 mL of cold propan-2-ol. The product was dried over CaCl2 in a vacuum desiccator. 

Preparation of (E)-2-(3-cyano-4-(2-(ethoxymethoxy)styryl)-5-methoxy-1,5-dimethyl-1,5-dihydro-2H-pyrrol-2-ylidene)malononitrile 9.

0.252 g (0.67 mmol) of compound 8, 0.11 g of K2СО3 (0.8 mmol) and 0.19 g (1.34 mmol) of methyl iodide were mixed in 3 mL of DMF in an argon atmosphere. The reaction mixture was stirred for 5 h at room temperature temperature (TLC controlled), cooled to 5 °С and then 10 mL of water with 3 ml of 20% aqueous AcOH were added. The precipitated yellow solid was filtered off and washed with 2 mL of water. The product was dried over CaCl2 in a vacuum desiccator.
Preparation of (E)-2-(3-cyano-4-(2-hydroxystyryl)-5-methoxy-1,5-dimethyl-1,5-dihydro-2H-pyrrol-2-ylidene)malononitrile 6.

0.195 g (0.5 mmol) of compound 9 and a mixture of 2 mL of 50% aqueous TFA and 1 mL of THF were mixed at room temperature. The resulting mixture was heated to 40 ° C and stirred at this temperature for 1 h. Then stirring was continued for 3 h at room temperature. The precipitate formed was filtered off, washed with 2 mL of water and 1 mL of cold propan-2-ol. The product was dried over CaCl2 in a vacuum desiccator.
3. Spectral data
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Compound 4. Mp 190–191 ºC (dec.), yield 59%. 1H NMR (500.13 MHz, DMSO-d6): δ 1.72 (3H, s, CH3), 3.01 (3H, s, ОCH3), 6.89-6.93 (1H, m, C6H4), 6.95 (1H, d, J = 8.2 Hz, C6H4), 7.31-7.35 (1H, m, C6H4), 7.38 (1H, d, J = 16.4 Hz, СH=), 7.68-7.71 (1H, m, C6H4), 7.98 (1H, d, J = 16.4 Hz, СH=), 10.32 (1H, s, NH), 10.66 (1H, s, OH). 13C NMR (125.67 MHz, DMSO-d6): δ 25.56, 46.03, 50.97, 97.64, 101.65, 111.58, 113.84, 115.11, 115.99, 116.53, 119.91, 121.53, 129.79, 133.38, 141.50, 158.03, 161.43, 167.91. MS, (EI, 70 eV): m/z (%) 318 [M]+ (18), 289 (84). IR (mineral oil, cm–1): 3416, 3228 (ОН, NH), 2227 (CN), 1594 (C=C). Anal. Calcd for C18H14N4O2: C, 67.92; H, 4.43; N, 17.60. Found: C, 67.70; H, 4.55; N, 17.32.
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Compound 5. Mp 194–195 ºC (dec.), yield 84%. 1H NMR (500.13 MHz, DMSO-d6): δ 1.65 (3H, s, CH3), 2.96 (3H, s, ОCH3 Pyrrole), 3.26 (3H, s, NCH3), 3.91 (3H, s, ОCH3C6H4), 7.07 (1H, t, J = 7.6 Hz, C6H4), 7.16 (1H, d, J = 8.2 Hz, C6H4), 7.30 (1H, d, J = 16.5 Hz, СH=), 7.49-7.53 (1H, m, C6H4), 7.81-7.84 (1H, m, C6H4), 7.99 (1H, d, J = 16.5 Hz, СH=). 13C NMR (125.67 MHz, DMSO-d6): δ 23.87, 28.53, 46.40, 51.71, 56.07, 100.66, 103.65, 111.46, 112.17, 114.64, 116.11, 116.47, 121.19, 123.01, 129.16, 133.49, 139.43, 157.60, 158.68, 164.63. MS, (EI, 70 eV): m/z (%) 346 [M]+ (10), 334 (76). IR (mineral oil, cm–1): 2228, 2204 (CN), 1582 (C=C). Anal. Calcd for C20H18N4O2: C, 69.35; H, 5.24; N, 16.17. Found: C, 69.18; H, 5.33; N, 15.98.
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 Compound 8. Mp 160–161 ºC (dec.), yield 62%. 1H NMR (500.13 MHz, DMSO-d6): δ 1.14 (3H, t, J = 7.1 Hz, OCH2CH3), 1.72 (3H, s, CH3), 3.01 (3H, s, ОCH3), 3.71 (2H, q, J = 7.1 Hz, OCH2CH3), 5.39 (2H, m, OCH2O), 7.11 (1H, t, J = 7.6 Hz, C6H4), 7.22 (1H, d, J = 8.3 Hz, C6H4), 7.31 (1H, d, J = 16.4 Hz, СH=), 7.46-7.50 (1H, m, C6H4), 7.86-7.89 (1H, m, C6H4), 8.07 (1H, d, J = 16.4 Hz, СH=), 10.38 (1H, s, NH). 13C NMR (125.67 MHz, DMSO-d6): δ 15.05, 25.37, 46.41, 51.00, 64.43, 93.19, 97.71, 102.66, 111.43, 113.73, 115.03, 115.10, 116.71, 122.11, 123.91, 128.99, 133.26, 139.93, 156.16, 161.31, 167.33. MS, (EI, 70 eV): m/z (%) 376 [M]+ (8), 343 [M-MeO]+ (78). IR (mineral oil, cm–1): 3262 (NH), 2227 (CN), 1586 (C=C). Anal. Calcd for C21H20N4O3: C, 67.01; H, 5.36; N, 14.88. Found: C, 67.20; H, 5.44; N, 14.60.
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Compound 9. Mp 167–168 ºC (dec.), yield 94%. 1H NMR (500.13 MHz, DMSO-d6): δ 1.14 (3H, t, J = 7.1 Hz, OCH2CH3), 1.66 (3H, s, CH3), 2.97 (3H, s, ОCH3), 3.26 (3H, s, NCH3), 3.71 (2H, q, J = 7.1 Hz, OCH2CH3), 5.39 (2H, m, OCH2O), 7.11 (1H, t, J = 7.5 Hz, C6H4), 7.22 (1H, d, J = 8.4 Hz, C6H4), 7.32 (1H, d, J = 16.5 Hz, СH=), 7.46-7.50 (1H, m, C6H4), 7.85-7.87 (1H, m, C6H4), 8.04 (1H, d, J = 16.5 Hz, СH=). 13C NMR (125.67 MHz, DMSO-d6): δ 15.05, 23.80, 28.55, 46.47, 51.71, 64.44, 93.20, 100.69, 103.85, 111.46, 114.63, 115.10, 116.11, 116.62, 122.12, 123.90, 129.03, 133.19, 139.28, 156.14, 157.59, 164.52. MS, (EI, 70 eV): m/z (%) 390 [M]+ (5), 368 (52). IR (mineral oil, cm–1): 2217, 2201 (CN), 1588 (C=C). Anal. Calcd for C22H22N4O3: C, 67.68; H, 5.68; N, 14.35. Found: C, 67.84; H, 5.80; N, 14.11.
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Compound 6. Mp 215–216 ºC (dec.), yield 89%. 1H NMR (500.13 MHz, DMSO-d6): δ 1.66 (3H, s, CH3), 2.96 (3H, s, ОCH3), 3.26 (3H, s, NCH3), 6.89-6.93 (1H, m, C6H4), 6.96 (1H, d, J = 8.3 Hz, C6H4), 7.31-7.35 (1H, m, C6H4), 7.41 (1H, d, J = 16.4 Hz, СH=), 7.67-7.70 (1H, m, C6H4), 7.95 (1H, d, J = 16.4 Hz, СH=), 10.67 (1H, s, OH). 13C NMR (125.67 MHz, DMSO-d6): δ 23.98, 28.50, 46.12, 51.68, 100.61, 102.83, 111.60, 114.72, 115.91, 116.19, 116.52, 119.89, 121.51, 129.81, 133.27, 140.81, 157.71, 157.98, 165.08. MS, (EI, 70 eV): m/z (%) 332 [M]+ (3), 300 (36). IR (mineral oil, cm–1): 3432 (ОН), 2226, 2200 (CN), 1585 (C=C). Anal. Calcd for C19H16N4O2: C, 68.66; H, 4.85; N, 16.86. Found: 68.92; H, 4.79; N, 16.58.
4. 1H, 13C NMR spectra
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Fig. 1. 1H-NMR-spectrum of compound 4 (500.13 MHz, DMSO−d6, 298K)
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Fig. 2. 13C-NMR-spectrum of compound 4 (125.76 MHz, DMSO−d6, 297K)
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Fig. 3. 1H-NMR-spectrum of compound 5 (500.13 MHz, DMSO−d6, 298K)
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Fig. 4. 13C-NMR-spectrum of compound 5 (125.76 MHz, DMSO−d6, 299K)
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Fig. 5. 1H-NMR-spectrum of compound 8 (500.13 MHz, DMSO−d6, 298K)
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Fig. 6. 13C-NMR-spectrum of compound 8 (125.76 MHz, DMSO−d6, 297K)
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Fig. 7. 1H-NMR-spectrum of compound 9 (500.13 MHz, DMSO−d6, 298K)
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Fig. 8. 13C-NMR-spectrum of compound 9 (125.76 MHz, DMSO−d6, 297K)

[image: image21.emf]N

H

CN

CN

MeO

CN

OH

[image: image9.png]20

i

42

°¥

-

11

10

-




Fig. 9. 1H-NMR-spectrum of compound 6 (500.13 MHz, DMSO−d6, 298K) 
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Fig. 10. 13C-NMR-spectrum of compound 6 (125.76 MHz, DMSO−d6, 299K)
5. X-ray diffraction data 
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Fig. 11. Molecular structure of compound 6 with the atom-numbering scheme
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Fig. 12. Crystal packing of compound 6
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S16
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