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Abstract 

D—π—A chromophores with indole donor and tricyanofuranyl acceptor moieties connected by vinylene and 
divinyl quinoxalinone π-conjugated bridges have been sythesized and their linear and nonlinear optical 
properties were studied. Chromophores exibit intramolecular charge-transfer (ICT) absorption band in the 
visible region, positive solvatochromism, and are transparent at 850 nm. The indole-based chromophore with 

divinylquinoxalinone π-conjugation bridge shows large µ value (~1300010-48esu); the elongation of the 
bridge by the vinyl quinoxalinone unit leads to a significant increase in the values of the first 
hyperpolarizability. 
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Introduction 
 

Quinoxaline dyes due to their optical properties have found technical applications as electroluminescent 

materials, organic semiconductors and as suitable ligands in coordination chemistry.1-3 The combination of the 

quinoxaline core with other aromatic, heteroaromatic, ethylene, and acetylene moieties results in the tuning 

of the photophysical properties of such polyconjugated quinoxaline-based chromophores. 

Aminostyrylquinoxaline compounds exhibit luminescent properties,4-13 manifest halochromism,4,8 

mechanofluorochromism,9-11 the ability of gelation13 providing the development of pH and metal ions sensors 

and dye-sensitized solar cells (DSSC) devices14,15 on their basis. Compounds both with quinoxaline and various 

other heterocyclic cores (pyrrole,16,17 indolizine,18-21 quinoline,22 thiophene,23 carbazole24) in one molecule can 

be used as sensors for some cations16,18,22 and anions,17 including redox-switched binding,18 pH sensors23; they 

are also promising in the creation of organic light-emitting diodes (OLEDs).24 Chromophores with quinoxaline 

core as a π -bridge component in D-π-A dyes exhibit rather high nonlinear optical (NLO) activity both at the 

molecular level (theoretical prediction25-28) and macroscopic level in composite materials.6-28 

In this article, we have synthesized two chromophores with an indole donor, vinylene or 

divinylquinoxalinone π-bridge, and a tricyanofuran (TCF) acceptor, studied their optical (linear and nonlinear) 

properties, and established the effect of vinylquinoxalinone unit on these properties by comparing the 

characteristics of the obtained chromophores. 

 

 

Results and Discussion 
 

Indole-based chromophore with short vinylene π-bridge Ind-V-TCF has been synthesized in two step 

procedure starting from 3-indolecarbaldehyde: alkylation by dodecylbromide with the formation of N-dodecyl 

derivative 229 and following Knoevenagel condensation with 3-cyano-2-dicyanomethylene-4,4,5-trimethyl-2,5-

dihydrofurane (Me-TCF)30 (Scheme 1). Elongated dodecyl substituent was used to increase the chromophore 

solubility both in organic solvents. Me-TCF is widely used as the strong acceptor in the synthesis and study of 

NLO chromophores.31-33 Introduction of additional vinylquinoxalinonyl moiety in the π-bridge in the case of 

obtaining the chromophore Ind-VQonV-TCF led to increasing the number of synthetic steps to five. Olefin 4 

obtained from aldehyde 2 (Wittig reaction) reacts with 7-bromo-3-methyl-1-propylquinoxalin-2-one34 to give 

1,2-disubstituted olefin product 6 (Heck reaction). Oxidation of compound 6 by selenium dioxide leads to 

quinoxalinone-based aldehyde 7, which reacts with Me-TCF without base in ethanol to form the desired 

chromophore Ind-VQonV-TCF in moderate yield. All 1,2-disubstituted olefin derivatives were obtained as E-

isomers: JH-C=CH 16 Hz in 1H NMR spectra. 
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Scheme 1. Synthesis of chromophores Ind-V-TCF and Ind-VQonV-TCF. 

 

Photophysical properties of dyes were studied in solvents of different polarity (ε = 239, Fig. 1, Table 

1). ICT absorption band of both dyes is manifested in the visible region. Elongation of π-bridge by 

quinoxalinone-vinyl unit leads to bathochromic shift of absorption maximum of Ind-VQonV-TCF in all solvents 

by 61-86 nm. This is slightly less than the bathochromic shift caused by the introduction of an additional vinyl 

thiophene moiety in the π-bridge (up to 94 nm in chloroform solution).35 Comparing the chromophores of the 

dialkylaniline-vinylthiophenvinyl-tricyanofuran composition and Ind-VQonV-TCF, one can note that the 

replacement of the divinylthiophene bridge by divinylquinoxalinone one and the replacement of the 

dialkylaniline donor by indole one leads to a noticeable hypsochromic shift (up to 73 nm in chloroform 

solution) of the absorption maximum of the chromophore Ind-VQonV-TCF,36 making it transparent in the short-

wavelength infrared region (at 850 nm). Both chromophores are characterized by solvatochromism; they 

demonstrate close positive solvatochromic shifts of 31 and 39 nm, while chromophore Ind-VQonV-TCF exhibits 

significantly greater negative solvatochromic shift (Table 1). 
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Figure 1. Experimental electronic absorption spectra of Ind-V-TCF (a) and Ind-VQonV-TCF (b). 
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Table 1. Photophysical properties of Ind-V-TCF and Ind-VQonV-TCF. 

Compound 
λmax, nm/eV (ε, 103M-1cm−1) Δλmax

a, 

nm/eV 

Δλmax
b, 

nm/eV 1,4-dioxane CHCl3 CH2Cl2 CH3CN 

Ind-V-TCF 
495/2.50 

(46.5) 

526/2.36 

(43.9) 

525/2.36 

(43.5) 

520/2.38 

(49.6) 

31/0.14 6/0.02 

 

Ind-VQonV-TCF 
573/2.16 

(32.6) 

612/2.02 

(29.4) 

605/2.05 

(27.1) 

581/2.13 

(25.3) 

39/0.14 31/0.10 

a –dioxane/CHCl3. 
b – CHCl3/CH3CN. 

 

The structure of both chromophores was optimized at the B3LYP//6-31G* level, as a result of which 

conformers Ind-V-TCF-I and Ind-VQonV-TCF-I were obtained (Fig. 2). The conformational search in the OPLS4 

force field resulted in a number of conformers, and subsequent refinement of the geometry of the minimum 

energy conformer by optimization, provided conformers Ind-V-TCF-II and Ind-VQonV-TCF-II (Fig. 3). 

 

а b 

Figure 2. Optimized structures of chromophores Ind-V-TCF-I (a), Ind-VQonV-TCF-I (b). 

 

 

a  b 

Figure 3. Optimized structures of conformers Ind-V-TCF-II (a) and Ind-VQonV-TCF-II (b). 

 

 

The angles between the structural units of the chromophores are given in Table 2, for conformers I the 

dodecyl substituents are elongated and arranged almost perpendicular to the chromophore skeleton (Fig. 2), 

and for conformers II, the dodecyl substituent is extended along the backbone of the molecules (Fig. 3). 
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Table 2. The angles between the units of the chromophores Ind-V-TCF-I,II an d Ind-VQonV-TCF-I,II, determined 

from the conformational search and as a result of optimization at the B3LYP/6-31G(d) level (D-donor, B – 

bridge, A – acceptor moieties; Ind denotes the angles between cycles in indole moiety, B denotes the angles 

between cycles in quinoxalinone moiety). 

Angle,  Ind-V-TCF-I Ind-V-TCF-II Ind-VQonV-TCF-I Ind-VQonV-TCF-II 

 opt Conf Search/opt opt Conf Search/opt 

D-B   45.5 17.9/15.6 

B-A   5.7 2.7/4.3 

Ind 0.0 1.1/1.6 0.5 0.7/0.1 

D-A 0.4 25.2/22.8 51.8 20.7/20.8 

B   1.7 0.4/1.0 

 

As can be seen from Table 2, the Ind-V-TCF-I conformer is quite flat, while in the Ind-V-TCF-II 

conformer the angle between the donor and acceptor is about 20, i.e. the dodecyl substituent, being located 

along the chromophore backbone, somewhat distorts the chromophore (Fig. 3a). In the case of the Ind-VQonV-

TCF-I chromophore, the dodecyl substituent distorts the chromophore, leading to a noticeable twisting of the 

donor fragment relative to the bridge (the angle between the donor and the bridge and the donor and 

acceptor is 45.5 and 51.8, respectively). The rest of the chromophore remains flat, the deviation does not 

exceed 6. The conformer Ind-VQonV-TCF-II is characterized by a flatter structure than that of Ind-VQonV-TCF-I: 

the angle between the donor and the bridge is 17.9. In the optimized structure, this angle is 15.6 (Table 2). 

The Ind-V-TCF-II and Ind-VQonV-TCF-II conformers have fairly flat backbone structures. 

The electric molecular characteristics of chromophores, calculated at M06-2X//aug-cc-pVDZ level for 

optimized structures of Ind-V-TCF-I,II and Ind-VQonV-TCF-I,II conformers, are summarized in Table 3. The 

dipole moments and polarizabilities of one chromophore differ little depending on the conformer; as for βtot, 

its value is somewhat larger (by ~10%) for Ind-V-TCF-I compared to Ind-V-TCF-II, which is consistent with the 

structure of conformers: Ind-V-TCF-I is flatter than Ind-V-TCF-II; for the Ind-VQonV-TCF-II conformer, βtot is 

slightly higher (by ~8%) than for Ind-VQonV-TCF-I, what is also in agreement with the flatter structure of Ind-

VQonV-TCF-II. Comparison of the properties of the Ind-V-TCF-I,II and Ind-VQonV-TCF-I,II chromophores shows 

that chromophores with a divinylquinoxalinone bridge have larger dipole moment values (by ~25%), 

approximately doubled polarizability values, and strongly different βtot values - in the case of conformers Ind-

V-TCF-I and Ind-VQonV-TCF-I the difference is ~ 6 times, and for Ind-V-TCF-II and Ind-VQonV-TCF-II it reaches 8 

times, demonstrating the efficiency of divinylquinoxalinone bridge compared to vinylene one. Even greater 

differences were found in the values of chromophore figure-of-merit µ – in the case of the Ind-VQonV-TCF-I 

chromophore, it reaches ~1300010-48esu, that, in combination with optical transparency at a wavelength of 

850 nm, makes it possible to consider such a chromophore as a promising candidate to be used in EO 

modulators with operating wavelength 850 nm.37 For previously explored chromophores, which were 

transparent at 850 nm, the μβ value was up to 730010–48 esu. 

 

 

Table 3. Dipole moment, µ, D, linear polarizability, α, *10-24 esu, and first hyperpolarizability, tot, *10-30 esu, of 

the Ind-V-TCF and Ind-VQonV-TCF chromophores. 



Arkivoc 2023, iv, 0-0   Islamova, L. N. et al. 

 

 Page 6  ©AUTHOR(S) 

Property Ind-V-TCF-I Ind-V-TCF-II Ind-VQonV-TCF-I Ind-VQonV-TCF-II 

µtot 16.5 17.3 22.3 21.0 

α(av) 71.8 67.7 122.1 119.5 

βtot 95 80 591 641 

µβ 1533 1194 13068 11690 

 

 

Conclusions 
 

Two new indole-based D—π—A chromophores with tricyanofuranyl acceptor and short vinylene (Ind-V-TCF) 

and divinylquinoxalinone (Ind-VQonV-TCF) π-conjugated bridges have been sythesized by a multistep 

procedure. Both chromophores exibit intramolecular charge-transfer (ICT) absorption band in the visible 

region and positive solvatochromism. The lengthening of π-bridge by vinylquinoxalinone unit leads to a 

significant increase in the values of the first hyperpolarizability (by 6–8 times) and an even greater increase in 

the µ value (by 8-10 times). The large µ value (~1306810-48esu) in combination with optical transparency at 

a wavelength of 850 nm makes the Ind-VQonV-TCF chromophore a promising candidate for further research 

aimed at creating electro-optic devices operating in the shortwave infrared window. 

 

 

Experimental Section 
 

General. The IR, NMR, UV-vis spectra and elemental analysis were registered on the equipment of Assigned 

Spectral-Analytical Center of FRC Kazan Scientific Center of RAS. Infrared (IR) spectra were recorded on the 

Bruker Vector-22 FT-IR spectrometer. NMR experiments were performed with AVANCE-400 (400 MHz for 1H 

NMR, 100 MHz for 13C NMR) spectrometer. Chemical shifts (δ in ppm) are referenced to the solvents. UV–vis 

spectra were recorded at room temperature on a UV-6100 Ultraviolet/Visible Spectrophotometer using 10 

mm quartz cells. Spectra were registered with a scan speed of 480 nm/min, using a spectral width of 1 nm. All 

samples were prepared in solution with the concentrations of ca ~1.4-2.510-5 mol/L. The melting points, mp, 

of chromophores were determined by Melting Point Meter MF-MP-4. Organic solvents used were purified and 

dried according to standard methods. The reaction progress and the purity of the obtained compounds were 

controlled by TLC on Sorbfil UV-254 plates with visualization under UV light. The elemental analysis was 

carried out on a CHNS analyzer Vario Macro cube (Elementar Analysensysteme GmbH, Germany). The samples 

were weighed on Sartorius Cubis II (Germany) microbalance in tin capsules. VarioMacro Software V4.0.11 was 

used to evaluate the data received. 

DFT calculations. Structure of the studied chromophores and their electric characteristics (dipole moments, , 

molecular polarizability, α, components of first hyperpolarizability tensor, ijk) were calculated in the 

framework of Density Functional Theory (DFT). Chromophores geometrical parameters were optimized in gas 

phase at B3LYP//6-31G(d) level. To reveal the variety of chromophore conformers, conformational search was 

performed with OLPS4 force field,38 the structure of the most stable conformer was then refined by DFT. 

Electric characteristics of two pairs of the conformers, differing by mutual arrangement of dodecyl substituent 
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in donor and the chromophore skeleton, were calculated at the M06-2X//aug-cc-pVDZ level; the use of M06-

2X density functional[39,40] and Dunning basis sets[41,42] are recognized as an adequate choice for this 

purpose.[43,44] The value of tot is calculated as 

 
The conformational search is performed with Macromodel program,45 calculations of geometrical parameters 

and chromophore electric properties are performed by Jaguar program package.46,47 

 

(E)-2-(3-Cyano-4-(2-(1-dodecyl-1H-indol-3-yl)vinyl)-5,5-dimethylfuran-2(5H)-ylidene)malononitrile (Ind-V-

TCF). A mixture of aldehyde 2 (100 mg, 0.319 mmol), Me-TCF (64 mg, 0.321 mmol) and anhydrous ethanol (0.2 

mL) was stirred for 6 h at 70 C, then cooled to room temperature. The reaction mixture was filtered through a 

Schott funnel, the precipitate was washed with ethanol (1 mL x 3), dried. Yield 115 mg (73%). Purple powder; 

mp 168-169 С; Rf 0.287 (CH2Cl2). IR (max, cm-1, KBr): 2923 (C-H), 2852 (C-H), 2225, 1544 (C=N, C=C), 1496, 

1480, 1398, 1375, 1340, 1289, 1245, 1231, 1205, 1152, 1129, 1109, 800, 746. 1H NMR (400 MHz, CDCl3) δ: 8.05 

(d, J 15.9 Hz, 1H, H-ethene), 7.90 (m, 1H), 7.74 (s, 1H), 7.50 – 7.34 (m, 3H), 6.88 (d, J 15.9 Hz, 1H, H-ethene), 

4.21 (t, J 7.2 Hz, 2H, NCH2), 1.96-1.88 (m, 2H, NCH2CH2(CH2)9CH3), 1.78 (s, 6H, CH3), 1.40–1.31 (m, 4H, 

N(CH2)2(CH2)2(CH2)7CH3), 1.30–1.24 (m, 14H, N(CH2)2(CH2)2(CH2)7CH3), 0.87 (t, J 6.8 Hz, 3H, N(CH2)11CH3). 13C 

NMR (100 MHz, CDCl3) δ: 176.5 (C), 175.0 (C), 142.2 (CH), 138.3 (C), 137.3 (CH), 125.8 (C), 124.6 (CH), 123.5 

(CH), 121.0 (CH), 114.5 (C), 112.7 (C), 112.0 (C), 111.7 (C), 111.3 (CH), 109.2 (CH), 96.8 (C), 93.0 (C), 54.3 (C), 

47.6 (CH), 31.9 (CH), 29.7 (CH), 29.6 (2CH), 29.5 (CH), 29.4 (CH), 29.3 (CH), 29.1 (CH), 26.84 (CH), 26.76 (CH), 

22.6 (CH), 14.1 (CH). Anal. calcd. (%) for C32H38N4O (494.30): C, 77.70; H, 7.74; N, 11.33; found C, 77.51; H, 

7.80; N, 11.30. 

1-Dodecyl-3-vinyl-1H-indole (4). To the stirred under argon mixture of methyl triphenylphosphonium bromide 

(411 mg, 1.2 mmol), THF (2 mL) potassium tert-butylate (215 mg, 2 mmol) was added. The mixture was stirred 

for 1 h while cooling to 0 C and 1-dodecyl-1H-indole-3-carbaldehyde (300 mg, 1 mmol) solution in THF (1 mL) 

was added. The mixture was stirred for 4 h at room temperature. Solvent was evaporated under vacuum. The 

residue was solved in hexane and kept at 5 C for 24 h. The next day, the precipitate was filtered, the filtrate 

was evaporated to give the yellow oil. Yield 148 mg (50 %). Rf 0.42 (hexane). IR (max, cm-1, KBr): 2926 (C-H), 

2854 (C-H), 1627, 1532, 1469, 1394, 1186, 1121, 878, 750. 1H NMR (400 MHz, CDCl3) δ: 7.39–7.22 (m, 4H), 7.16 

(s, 1H), 7.00–6.93 (m, 1H), 5.78 (dd, J 17.8, 1.6 Hz, 1H, H-ethene), 5.23 (dd, J 11.3, 1.6 Hz, 1H, H-ethene), 4.03 

(t, J 7.2 Hz, 2H, NCH2), 1.86–1.78 (m, 2H, NCH2CH2(CH2)9CH3), 1.46–1.25 (m, 18H, N(CH2)2(CH2)9CH3), 1.02 (t, J 

6.8 Hz, 3H, CH3). 13C NMR (100 MHz, CDCl3) δ: 136.7 (C), 129.3 (CH), 128.3 (CH), 128.1 (C), 126.9 (CH), 121.6 

(CH), 120.0 (CH), 119.6 (CH), 113.9 (C), 109.4 (CH), 46.0 (CH), 31.7 (CH), 29.9 (CH), 29.41 (CH), 29.35 (CH), 29.3 

(CH), 29.1 (CH), 29.0 (CH), 26.7 (CH), 22.5 (CH), 13.9 (CH). Anal. calcd. (%) for C22H33N (311.26): C, 82.83; H, 

10.68; N, 4.50; found C, 82.77; H, 10.80; N, 4.51. 

(E)-7-(2-(1-Dodecyl-1H-indol-3-yl)vinyl)-3-methyl-1-propylquinoxalin-2(1H)-one (6). A mixture of olefin 4 (148 

mg, 0.48 mmol), quinoxalinone 5 (134 mg, 0.48 mmol), tri(о-tolyl)phosphine (14 mg, 0.048 mmol), Pd(OAc)2 (5 

mg, 0.022 mmol), Et3N (120 mg, 1.19 mmol), and anhydrous DMF (1 mL) was stirred for 11 h at 100 °С. The 

reaction mixture was cooled, poured into water, and extracted with CH2Cl2. The organic layer was separated, 

washed with water, dried over anhydrous MgSO4, filtered. The solvent was removed at reduced pressure, and 

the residue was purified by silica gel column chromatography (eluent petroleum ether – EtOAc, 5:1) to give 

product 6. Yield 106 mg (44%). Yellow oil; Rf 0.375 (hexane/EtOAc, 1:0.3). IR (max, cm-1, KBr): 2953 (C-H), 2926 

(C-H), 2854 (C-H), 1653 (С=О), 1605 (C=N, C=C), 1532, 1468, 1396, 1373, 1162, 1115, 951, 739. 1H NMR (400 

MHz, CDCl3) δ: 8.03 (dd, J 7.2, 1.5 Hz, 1H), 7.76 (d, J 8.4 Hz, 1H), 7.54 (dd, J 8.4, 1.7 Hz, 1H), 7.43 (d, J 16.3 Hz, 
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1H, H-ethene), 7.39 (dd, J 7.6, 1.5 Hz, 1H), 7.35 (s, 1H), 7.34 – 7.22 (m, 3H), 7.18 (d, J 16.3 Hz, 1H, H-ethene), 

4.28–4.24 (m, 2H, NCH2CH2CH3), 4.12 (t, J 7.2 Hz, 2H, NCH2(CH2)10CH3), 2.61 (s, 1H, CH3), 1.92–1.82 (m, 4H, 

NCH2CH2(CH2)9CH3, NCH2CH2CH3), 1.38–1.32 (m, 4H, N(CH2)2(CH2)2(CH2)7CH3), 1.31–1.22 (m, 14H, 

N(CH2)2(CH2)2(CH2)7CH3), 1.12 (t, J 7.4 Hz, 3H, N(CH2)2CH3), 0.90 (t, J 6.8 Hz, 3H, N(CH2)11CH3). 13C NMR (100 

MHz, CDCl3) δ: 156.6 (C), 155.2 (C), 140.3 (C), 137.1 (C), 132.9 (C), 131.8 (C), 129.7 (CH), 128.5 (CH), 126.1 (C), 

124.3 (CH), 123.3 (CH), 122.4 (CH), 120.4 (CH), 120.3 (CH), 120.2 (CH), 113.6 (C), 110.6 (CH), 109.9 (CH), 46.5 

(CH), 43.6 (CH), 31.9 (CH), 30.1 (CH), 29.6 (2CH), 29.5 (CH), 29.4 (CH), 29.3 (CH), 29.2 (CH), 26.9 (CH), 22.6 (CH), 

21.4 (CH), 20.6 (CH), 14.1 (CH), 11.4 (CH). Anal. calcd. (%) for C34H45N3O (511.36): C, 79.80; H, 8.86; N, 8.21; 

found C, 79.75; H, 8.95; N, 8.20. 

(E)-6-(2-(1-Dodecyl-1H-indol-3-yl)vinyl)-3-oxo-4-propyl-3,4-dihydroquinoxaline-2-carbaldehyde (7). A 

mixture of compound 6 (56 mg, 0.110 mmol), selenium dioxide (15 mg, 0.135 mmol) and dioxane (0.5 mL) was 

stirred at 80 oC for 1 h under argon and then cooled to room temperature. The solvent was removed at 

reduced pressure, and the residue was purified by silica-gel column chromatography (eluent: hexane / ethyl 

acetate 5:2). Yield 25 mg (43%). Burgundy powder; mp 103-105 C, Rf 0.275 (hexane: ethyl acetate 1:0.5). IR 

(max, cm-1, KBr): 2955 (C-H), 2924 (C-H), 2852 (C-H), 1722 (С=О), 1645 (C=O), 1592 (C=N, C=C), 1506, 1468, 

1438, 1395, 1384, 1170, 1136, 948, 736.1H NMR (400 MHz, CDCl3) δ: 10.45 (s, 1H, CHО), 8.01 (dd, J 7.1, 1.6 Hz, 

1H), 7.98 (d, J 8.6 Hz, 1H), 7.63 (dd, J 8.6, 1.6 Hz, 1H), 7.55 (d, J 16.2 Hz, 1H, H-ethene), 7.41 (s, 1H), 7.40–7.25 

(m, 4H) 7.17 (d, J 16.2 Hz, 1H, H-ethene), 4.31–4.27 (m, 2H, NCH2CH2CH3), 4.14 (t, J 7.2 Hz, 2H, 

NCH2(CH2)10CH3), 1.93–1.83 (m, 4H, NCH2CH2(CH2)9CH3, NCH2CH2CH3), 1.37–1.31 (m, 4H, 

N(CH2)2(CH2)2(CH2)7CH3), 1.30–1.21 (m, 14H, N(CH2)2(CH2)2(CH2)7CH3), 1.13 (t, J 7.4 Hz, 3H, N(CH2)2CH3), 0.87 (t, 

J 6.8 Hz, 3H, N(CH2)11CH3). 13C NMR (100 MHz, CDCl3) δ: 189.6 (CH), 154.9 (C), 145.4 (C), 144.3 (C), 137.4 (C), 

135.1 (C), 133.0 (CH), 132.1 (C), 129.9 (CH), 127.5 (CH), 126.0 (C), 122.8 (CH), 122.4 (CH), 121.4 (CH), 120.8 

(CH), 120.3 (CH), 113.5 (C), 110.5 (CH), 110.2 (CH), 46.8 (CH), 43.5 (CH), 31.9 (CH), 30.0 (CH), 29.6 (2CH), 29.53 

(CH), 29.45 (CH), 29.3 (CH), 29.2 (CH), 27.0 (CH), 22.7 (CH), 20.7 (CH), 14.1(CH), 11.5 (CH). Anal. calcd. (%) for 

C34H43N3O2 (525.34): C, 77.68; H, 8.24; N, 7.99; found C, 77.48; H, 8.19; N, 7.85. 

2-(3-Сyano-4-((E)-2-(6-((E)-2-(1-dodecyl-1H-indol-3-yl)vinyl)-3-oxo-4-propyl-3,4-dihydroquinoxalin-2-

yl)vinyl)-5,5-dimethylfuran-2(5H)-ylidene)malononitrile (Ind-VQonV-TCF). A mixture of aldehyde 7 (20 mg, 

0.038 mmol), Me-TCF (7 mg, 0.035 mmol) and anhydrous ethanol (0.1 mL) was stirred for 10 h at 50 C, then 

cooled to room temperature. The solvent was removed at reduced pressure, and the residue was purified by 

silica-gel column chromatography (eluent: hexane / ethyl acetate 50:10). Yield 8 mg (30%). Black powder; mp 

183-184 C, Rf 0.46 (hexane: ethyl acetate 1:0.5). IR (max, cm-1, KBr): 2924 (C-H), 2853 (C-H), 2228, 1655 (C=O), 

1581 (C=N, C=C), 1528, 1485, 1436, 1374, 1285, 1161, 1135, 962, 748. 1H NMR (400 MHz, CDCl3) δ: 8.02 (d, J 

8.0 Hz, 1H), 7.99 (s, 2H, H-ethene), 7.84 (d, J 8.5 Hz, 1H), 7.64 (dd, J 8.7, 1.6 Hz, 1H), 7.57 (d, J 16.2 Hz, 1H, H-

ethene), 7.43 (s, 1H), 7.41 (d, J 8.4 Hz, 1H), 7.36–7.27 (m, 1H), 7.25 (s, 1H), 7.18 (d, J 16.2 Hz, 1H, H-ethene), 

4.33–4.26 (m, 2H, NCH2CH2CH3), 4.17 (t, J 7.2 Hz, 2H, NCH2(CH2)10CH3), 1.95–1.84 (m, 4H, NCH2CH2(CH2)9CH3, 

NCH2CH2CH3), 1.83 (s, 6H), 1.38–1.33 (m, 4H, N(CH2)2(CH2)2(CH2)7CH3), 1.30 – 1.21 (m, 14H, 

N(CH2)2(CH2)2(CH2)7CH3), 1.14 (t, J 7.4 Hz, 3H, N(CH2)2CH3), 0.88 (t, J 6.8 Hz, 3H, N(CH2)11CH3). 13C NMR (100 

MHz, CDCl3) δ: 174.8 (C), 173.3 (C), 155.0 (C), 146.3 (C), 144.4 (C), 139.3 (CH), 137.4 (C), 134.1 (C), 133.1 (C), 

131.9 (CH), 130.3 (CH), 127.3 (CH), 125.9 (C), 122.9 (CH), 122.5 (CH), 121.7 (CH), 121.0 (CH), 120.8 (CH), 120.4 

(CH), 113.6 (C), 111.4 (C), 110.8 (C), 110.6 (CH), 110.4 (CH), 109.8 (C), 103.1 (C), 98.0 (C), 58.6 (C), 46.8 (CH), 

44.2 (CH), 31.9 (CH), 30.0 (CH), 29.6 (2CH), 29.54 (CH), 29.46 (CH), 29.3 (CH), 29.2 (CH), 27.0 (CH), 26.6 (CH), 

22.7 (CH), 20.7 (CH), 14.1 (CH), 11.5 (CH). Anal. calcd. (%) for C45H50N6O2 (706.40): C, 76.46; H, 7.13; N, 11.89; 

found C, 76.35; H, 7.19; N, 11.85. 
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