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Abstract

Merocyanine dyes of the dihydropyridine series were prepared from salts of a(y)-picolinium and
cyanoacetic acid derivatives. Their spectral characteristics suggesting their structure in solution were
studied. The change in the spectral properties depending on the substituents introduced into the structure
of the substituents and solvents used (solvatochromism) was considered. The protonation of the dyes was
studied, and its regioselectivity was established.
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Introduction

Work on the merocyanine dyes, which has intensively been performed since the middle of the 20th
century,* presently remains urgent. Nowadays interest in these compounds has increased, because these
dyes find wide use in many areas of human activity: optoelectronics, photovoltaics, biology, and
medicine.?*>'® Thermophotoresistors, sensitizers of photographic emulsions, and photochromes are found
among the merocyanine dyes. Some such compounds are used as fluorescent markers of cells and various
cellular structures.’

At the same time, the merocyanine dyes containing the dihydropyridine fragment as a donor moiety
and cyanoacetic acid and its derivatives as an acceptor moiety are insufficiently studied, and the data on
these compounds are substantially fragmented.822

This work is devoted to the synthesis of a series of merocyanine dyes based on N-substituted picolinium
salts and cyanoacetic acid derivatives, which allows a study of the dependence of the physicochemical
properties of the synthesized compounds on the structure.

Results and Discussion

The target compounds of the 1,2- (6a-1) and 1,4-dihydropyridine structures (7a-i) were synthesized from the
corresponding salts of a- or y-picolinium salts with different substituents at the nitrogen atoms (Scheme 1).
Compounds 5a-c (Table 1) were used as the second component. Compounds 5a and 5b were synthesized by
the condensation of the corresponding derivatives of cyanoacetic acid and triethyl orthoformate.?3-24
Compound 5c was obtained by the condensation of cyanothioacetamide, triethyl orthoformate, and aniline,
which is more preferable, in this case, than the previous method.?> The syntheses of dyes 6 and 7 were
carried out in the presence of an excess of base, and dimethylformamide was used as a solvent.
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Scheme 1

The advantages of this method are the simplicity and convenience of target product isolation by
precipitation from a DMF solution by dilution with water, an often short time interval of the synthesis, and
yields of the target products that are higher than medium values in many cases (Table 1). The reaction is

Page 74 ©ARKAT USA, Inc



Arkivoc 2017, iii, 73-86 Borisova, I. A. et al.

highly stereospecific. There is no direct correlation between the properties of substituents and yields of
both compounds 6 and 7. Probably there is a complex influence of electronic/steric effects and
solubility/polarity properties for isolation and purification procedures. Furthermore the vyields for
compounds 6 and 7 can be related with different stability of betaine form of intermediates (deprotonated
picolinium salts).

Table 1. Preparation of compounds 6a-l and 7a-i (Scheme 1)

Compound R EWG Time Yield, %
6a -CH3 -CN 5 min 78
6b -CH3 -COEt 2h 72
6¢ -CH3 -CSNH; 4 h 55
6d -Bu -CN 2h 82
6e -Bu -CO,Et 4h 75
6f -Bu -CSNH; 4h 67
6g -Oct -CN 4 h 86
6h -Oct -COEt 4 h 84
6i -Oct -CSNH; 4 h 88
6j -CH,CO,t-Bu -CN 2h 85
6k -CH,CO,t-Bu -CO,Et 4 h 63
ol -CH,CO,t-Bu -CSNH; 4 h 63
7a -CH3 -CN 5 min 68
7b -CH3s -CO,Et 4 h 68
7c -CH3 -CSNH; 4 h 50
7d -Bu -CN 2h 67
7e -Bu -CO,Et 4h 68
7f -Bu -CSNH; 4 h 62
7g -Oct -CN 2h 67
7h -Oct -COEt 4 h 71
7i -Oct -CSNH; 4h 85

An alternative method for the synthesis of the merocyanine systems containing the dihydropyridine
fragment is the three-component reaction of salts 3, CH-acids 8, and triethyl orthoformate (Scheme 2). The
optimization was carried out for compound 6a. All starting compounds were taken in an equal molar ratio.
The maximum yield of the product upon optimization was 38%. This approach is rather promising if further
optimization can be achieved.
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Scheme 2. Three-component route to merocyanines 6a.

Page 75 ©ARKAT USA, Inc



Arkivoc 2017, iii, 73-86 Borisova, I. A. et al.

Compounds 6a-l and 7a-i were obtained as a result of the performed study. Compounds 6a,b and 7a,b
have been described earlier.'® Compounds 6c-l and 7c-i were synthesized by us for the first time.

When studying the spectral characteristics of the synthesized merocyanines, we found the broadening
of the signal corresponding to the hydrogen atoms of the heteroaromatic ring in positions 3 and 5 in the *H
NMR spectra of the dyes based on 1,4-dihydropyridine, which is explained by the formed “head-to-tail”
complex of molecules of this structure.?® In the IR spectra of the compounds containing nitrile groups as an
acceptor, the absorption bands of the cyano groups are shifted to a range of 2190-2170 cm™ compared to
the cyano groups of benzylidenemalononitrile, whose absorption bands are arranged near 2220 cm™.27 The
two cyano groups are nonequivalent: two absorption bands are observed at 2190 and 2170 cm™, indicating
a stronger participation in conjugation of one of the groups. For the dyes containing the fragment of ethyl
cyanoacetate or cyanothioacetamide as an acceptor, the absorption band of the cyano group also lies at
2190 cm™, whereas the bands of the ester and thioamide groups are arranged at 1660 and 1250 cm™,
respectively. Thus, the signals of these groups are substantially shifted compared to the reference
compounds,?®?° which suggests that they contribute mainly to the delocalization of the negative charge in
the dye molecule. The same regularities are observed for the compounds based on 1,2-dihydropyridine,
except for the fact that the 'H NMR spectra have no peak broadening due to the formation of complexes,
which is probably related to the lower symmetry of these molecules.

For further study of the properties of the synthesized merocyanine dyes, we studied their protonation
properties.?® For example, the solution decolorized upon dissolution of compound 6a in trifluoroacetic acid,
indicating interruption of the m,mt-conjugation of the polyene chain (Scheme 3). This fact is confirmed by the
spectral characteristics of the leuco form (6a.1) presented in Figure 1. The 'H NMR spectra of the leuco
form (6a.1) and the starting merocyanine (6a) are presented in Figure 2. It is seen that the signal
corresponding to one proton of the polyene chain with a large spin-spin coupling constant (SSCC) at 5.5
ppm disappeared in the spectrum of the leuco form of merocyanine 6a, and a two-proton signal below 4.0
ppm with a lower SSCC appeared.

X

| CF3COOH |

NN NG ~CN

| |

CH3 CN CHs CN
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Scheme 3. Protonation of the merocyanine 6a.
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Figure 1. UV/Vis spectra of the merocyanine 6a and its protonated form 6a.1.
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Figure 2. Comparison of the *H NMR spectra for compounds 6a (I) and 6a.1 (l1).

According to the 2D COSY experiment, two spin systems were revealed. One of them describes
interactions of protons of the heteroaromatic ring, and the second system describes interactions of protons
of the lateral chain (Figure 3). The spectral characteristics were detected in a solution of trifluoroacetic acid,
because salts of the (6a.1) type were not isolated in the solid state. These compounds are unstable and
decompose on an attempt of isolating them in the solid state. Thus, the protonation of the studied dyes

occurs highly regioselectively at the a-position to the pyridine ring.
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Figure 3. 2D COSY scan of compound 6a.1 in TFA.

We also measured the UV spectra of the synthesized compounds (Figure 4). For compounds A (6a, 6d,
6g, 6j), B (6b, 6e, 6h, 6k), and C (6¢, 6f, 6i, 6l), the absorption maximum and molar absorption coefficient
increase upon the introduction of new acceptor groups different from the cyano group. For compounds D
(7a, 7d, 7g), E (7b, 7e, 7h), and F (7c, 7f, 7i), the absorption maximum also increases but the molar
absorption coefficient decreases in the series from the merocyanine dyes based on cyanothioacetamide to
the dyes containing cyano group (see Table 2).

Optical density (D)

0 T T T T T T T 1
350 400 450 500 550 600 650 700 750

Wavelength (7, nm)

Figure 4. UV/Vis spectra of the merocyanines, grouped according to substituent types.
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Table 2. Absorption spectra of the merocyanine dyes in dichloromethane

—4 —4
Compound  Amax [NnM] [T\;;iztr?rl] Compound  Amax [NM] [T\;niif:g-l]
6a 453 3.99 6l 509 4.56
6b 457 5.02 7a 466 8.78
6¢c 502 6.61 7b 486 7.71
6d 455 4,12 7c 531 4,50
6e 460 4,54 7d 486 8.06
of 496 7.14 7e 486 7.61
6g 455 4,13 7f 531 5.74
6h 451 5.12 7g 486 6.80
6i 469 5.42 7h 486 6.40
6j 461 3.27 7i 527 6.32

6k 462 3.93

Literature data indicate that many merocyanine dyes show pronounced solvatochromism.? Therefore,
we studied solvatochromism of the synthesized compounds using substance 7c as an example. The results
are presented in Figure 5. The shift of the absorption band maximum is 25-30 nm in solvents of various
polarities, that is less then for well known solvatochromic dye Brooker's merocyanine.3.
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Figure 5. Solvatochromism of compound 7c in solvents of various polarities.

Based on these data and on the fact that the absorption bands are fairly narrow (40-55 nm at the half-
height of the peaks), we can conclude that the charge delocalization in the studied molecule is high and
almost all bonds in the molecule are sesquialteral, i.e., the dye molecule is similar to structure A2 (Scheme
4),%° which is consistent with the published data on these compounds.*
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Scheme 4. Frontier structures of the merocyanine dyes containing the dihydropyridine fragment.
Conclusions

(1) A simple, convenient, and stereospecific method is developed for the synthesis of the merocyanine dyes
containing the dihydropyridine fragment based on the cyanoacetic acid derivatives.

(2) The spectral characteristics of the merocyanine systems are generalized for the first time. It was found
for the compounds containing the 1,2-dihydropyridine fragment that the long-wavelength maximum
increased and the molar absorption coefficient decreased with the variation of acceptors at the end
of the polyene chain. An opposite regularity is observed for the merocyanines containing the 1,4-
dihydropyridine fragment.

(3) Solvatochromism observed and previously described in the literature for compounds 7c indicated that
described in this work the merocyanine systems similar to the A2 system.

Experimental Section

General. The structures of the synthesized compounds were confirmed by IR and NMR spectroscopy. IR
spectra were recorded on a Bruker ALPHA-T instrument in KBr pellets. *H, *3C, COSY, DEPT, and HMBC NMR
spectra were measured on a Bruker AM300 instrument (solvent DMSO-d).

UV spectra were recorded on an Agilent 8453 instrument in quartz cells with a light pathlength of 1 cm with
the concentration of the substance Cy = 107 [M] (solvent CH2Cl5).

General procedure for synthesis of compounds 5a-b. A mixture of CH-acid (0.1 mol) (malononitrile for 5a
and ethyl cyanoacetate for 5b), triethylorthoformate (0.1 mol, 13 ml) and acetic anhydride (50 ml) was
stirred at 100 °C for 4 hours. The resulting reaction mixture was cooled to room temperature and
concentrated in vacuo. The solid product was recrystallized from ethanol to afford light yellow crystals.
Yields of 5a 78% (mp 65-67 °C)?3 and 75% of 5b (mp. 49-51 °C).%*

Procedure for synthesis of compound 5c. A mixture of cyanothioacetamide (0.05 mol, 5 g), triethyl
orthoformate (0.15 mol, 20 ml) and aniline (0.05 mol, 4.8 ml) was heated with stirring until the exothermic
reaction is started. Then the mixture was diluted with ethanol (20 ml), brought to boiling and left to cool
down. The dark yellow crystals was filtered and washed with hot ethanol. Yield 78% (mp. 210-212 °C).?°
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General procedure for synthesis of the merocyanine dyes 6 and 7. A triethylamine excess (4 mmol, 0.48
ml) was added dropwise to a mixture of picolinium salt 3 or 4 (3 mmol) in DMF (1.5 ml), and a CH acid
derivative 5a-c (6 mmol) was added. The reaction mixture became colored. Then the reaction mixture was
heated at 70 °C for a period of from 5 min to 4 h and then cooled to room temperature. The product was
precipitated from the DMF solution by dropwise addition of water. The precipitate formed was filtered off,
washed with water, and dried in air. Then the pure merocyanine dyes were isolated by column
chromatography on SiO; using a dichloromethane and acetone (10:1) mixture as an eluent.
(E)-2-(2-(1-Methylpyridin-2(1H)-ylidene)ethylidene)malononitrile (6a). Yield 78%, mp >260 °C, yellow
crystals. IR (KBr), v, cm™: 2190, 2170, 1633, 1574, 1536, 1499, 1467, 1451, 1404, 1334, 1275, 1226, 1171,
1058, 1038, 956, 794, 761, 575. 'H NMR, &, ppm: 3.76 (s, 3H, CH3), 5.52 (d, 1H, (2)CH, 313.8 Hz), 6.83 (t, 1H,
CHpy, J 6.7 Hz), 7.62 (t, 1H, CHyy, J 7.7 Hz), 7.84-7.92 (m, 2H, (1)CH, CHp,), 8.07 (d, 1H, CHpy, J 6.5 Hz). 13C
NMR, &, ppm: 43.85, 49.35, 93.65, 115.13, 118.87, 120.62, 121.31, 138.52, 142.56, 149.43, 153.69. Anal.
calcd for C11H9N3 (183.21): C, 72.11; H, 4.95; N, 22.94. Found: C, 71.95; H, 4.87; N, 22.76.

Ethyl (2E,4E)-2-cyano-4-(1-methylpyridin-2(1H)-ylidene)but-2-enoate (6b). Yield 72%, mp 155-157 °C,
orange crystals. IR (KBr), v, cm™: 2192, 1660, 1568, 1536, 1464, 1412, 1344, 1248, 1164, 1100, 1064, 956,
880, 872, 772, 760, 720, 568, 544. 'H NMR, 6, ppm: 1.19 (t, 3H, CO,CH2CHs), 3.73 (s, 3H, CHs), 4.08 (d, 2H,
CO2CH,CHs, J 6.4 Hz), 5.50 (d, (4)CH, 3J 13.5 Hz), 6.77 (sbr, 1H, CHpy), 7.58 (br.s, 1H, CHpy), 7.72 (d, 1H, CHpy, J
6.4 Hz), 8.03-8.09 (m, 2H, CHyy, (3)CH). 3C NMR, 6, ppm: 15.08, 43.68, 59.49, 75.72, 92.77, 114.41, 120.17,
120.58, 138.30, 142.54, 147.30, 154.12, 166.82. Anal. calcd for Ci3H14N20; (230.27): C, 67.81; H, 6.13; N,
12.17. Found: C, 67.72; H, 5.97; N, 11.97.
(2E,4E)-2-Cyano-4-(1-methylpyridin-2(1H)-ylidene)but-2-enethioamide (6¢). Yield 55%, mp 200-202 °C,
wine-red crystals. IR (KBr), v, cm™: 3396, 3351, 3261, 3150, 2168, 1632, 1620, 1569, 1543, 1458, 1404,
1367, 1251, 1222, 1161, 1061, 1037, 955, 869, 804, 752, 591, 542. *H NMR, §, ppm: 3.75 (s, 3H, CHs), 5.53
(d, 1H, (4)CH, 3J 13.7 Hz), 6.80 (t, 1H, CHpy, J 6.5 Hz), 7.64 (t, 1H, CHpy, J 7.2 Hz), 7.81 (d, 1H, CHpy, J 8.9 Hz),
8.05-8.07 (m, 3H, NHy, CHy,y), 8.39 (d, 1H, (3)CH, 3J 13.7 Hz).13C NMR, &, ppm: 43.74, 89.43, 94.08, 114.51,
120.47, 129.96, 138.15, 142.78, 144.96, 154.27, 190.91. Anal. calcd for C11H11N3S (217.29): C, 60.80; H, 5.10;
N, 19.34; S, 14.75. Found: C, 60.72; H, 4.97; N, 19.29; S, 14.68.
(E)-2-(2-(1-Butylpyridin-2(1H)-ylidene)ethylidene)malononitrile (6d). Yield 82%, mp 149-151 °C, orange
crystals. IR (KBr), v, cm™: 2956, 2928, 2196, 2172, 1632, 1568, 1536, 1472, 1444, 1404, 1312, 1288, 1224,
1188, 1160, 1136, 1080, 1048, 996, 944, 796, 760, 716, 576, 540. *H NMR, &, ppm: 0.92 (s, 3H,(4')CHs), 1.35
(s, 2H, (3")CH3), 1.69 (s, 2H, (2")CH2), 4.12 (s, 2H, (1')CH>), 5.57 (d, 1H, (2)CH, 3J 13.3 Hz), 6.88 (t, 1H, CHpy),
7.64 (m, 1H, CHyy), 7.84-7.88 (m, 2H, CHpy, (1)CH), 8.05 (s, 1H, CHpy). 3C NMR, 6, ppm: 13.72, 19.41, 29.81,
48.56, 55.32, 93.72, 115.74, 119.14, 121.19, 138.82, 142.04, 149.28, 152.68. Anal. calcd for CiaHisN3
(225.30): C, 74.64; H, 6.71; N, 18.65. Found: C, 74.59; H, 6.66; N, 18.42.

Ethyl (2E,4E)-2-cyano-4-(1-butylpyridin-2(1H)-ylidene)but-2-enoate (6e). Yield 75%, mp 91-93 °C, orange
crystals. IR (KBr), v, cm™: 2967, 2925, 2904, 2875, 2188, 1667, 1634, 1530, 1448, 1418, 1366, 1316, 1290,
1218, 1159, 1133, 1102, 1075, 1025, 958, 888, 805, 753, 713, 580, 538, 517. *H NMR, §, ppm: 0.96 (t, 3H,
(4")CHs,J 7.3 Hz), 1.16-1.23 (m, 7H, CO,CH,CHs, (2°,3")CH3), 4.03-4.12 (m, 4H, (1°)CH,, CO,CH,CH3s), 5.55 (d,
1H, (4)CH, 3) 14.0 Hz), 6.80 (t, 1H, CHpy, J 6.6 Hz), 8.01-8.11 (m, 3H, 2CHyy, (3)CH). 13C NMR, &, ppm: 13.79,
15.01, 19.50, 29.66, 54.88, 59.59, 73.21, 92.73, 114.73, 120.88, 138.24, 142.01, 147.41, 153.15, 166.37,
167.04. Anal. calcd for Ci6H20N202 (272.35): C, 70.56; H, 7.40; N, 10.29. Found: C, 70.51; H, 7.18; N, 10.16.
(2E,4E)-4-(1-Butylpyridin-2(1H)-ylidene)-2-cyanobut-2-enethioamide (6f). Yield 67%, mp 185-186 °C, wine-
red crystals. IR (KBr), v, cm™: 3346, 3291, 3189, 2956, 2926, 2861, 2177, 1629, 1541, 1412, 1366, 1306,
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1221, 1151, 1077, 1038, 964, 869, 809, 757, 720, 650, 600, 559, 505. *H NMR, &, ppm: 0.94 (t, 3H, (4')CHs,J
7 Hz), 1.32-1.40 (m, 2H, (3')CH2), 1.69-1.74 (m, 2H, (2')CH,), 4.13 (t, 2H, (1')CH2,J 7 Hz), 5.57 (d, 1H, (4)CH, 3J
13.7 Hz), 6.82 (t, 1H, CHpy, J 6.3 Hz), 7.63 (t, 1H, CHpy, J 7.3 Hz), 7.82 (d, 1H, CHyy, J 9 Hz), 7.98-8.05 (m, 3H,
NH,, CHpy), 8.38 (d, 1H, (3)CH, 3J 13.7 Hz). 3C NMR, §, ppm: 13.82, 19.53, 29.70, 55.17, 89.36, 94.17, 114.84,
120.54, 121.06, 138.20, 142.25, 144.80, 159.27, 190.75. Anal. calcd for C14H17N3S (259.37): C, 64.83; H, 6.61;
N, 16.20; S, 12.36. Found: C, 64.75; H, 6.57; N, 16.09; S, 12.26.
(E)-2-(2-(1-Octylpyridin-2(1H)-ylidene)ethylidene)malononitrile (6g). Yield 86%, mp 82-83 °C, orange
crystals. IR (KBr), v, cm™: 2957, 2919, 2855, 2188, 2175, 1634, 1569, 1528, 1497, 1478, 1440, 1406, 1322,
1305, 1275, 1228, 1161, 1076, 1043, 991, 955, 786, 757, 716, 615, 592, 576. 'H NMR, 6, ppm: 0.83-0.85 (m,
3H, (8')CHs), 1.25-1.31 (m, 10H, 5CH,), 1.71 (sbr, 2H, (2')CH2), 4.13 (t, 2H, (1')CHy, J 7.3 Hz), 5.56 (d, 1H,
(2)CH, 3/ 13.8 Hz), 6.87 (t, 1H, CHpy, J 6.6 Hz), 7.63 (t, 1H, CHyy, J 7.3 Hz), 7.88-7.95 (m, 2H, CHyy, (1)CH), 8.07
(d, 1H, CHpy, J 6.6 Hz). 13C NMR, 6, ppm: 14.37, 22.48, 26.14, 27.79, 28.76, 28.97, 31.51, 49.22, 55.48, 93.56,
115.42, 118.89, 121.05, 121.21, 138.55, 142.03, 149.53, 152.72. Anal. calcd for CigH23N3 (281.40): C, 76.83;
H, 8.24; N, 14.93. Found: C, 76.71; H, 8.13; N, 14.75.

Ethyl (2E,4E)-2-cyano-4-(1-octylpyridin-2(1H)-ylidene)but-2-enoate (6h). Yield 84%, mp 51-52 °C, orange
crystals. IR (KBr), v, cm™: 2954, 2928, 2856, 2188, 1674, 1633, 1565, 1531, 1446, 1419, 1311, 1221, 1155,
1095, 1048, 955, 883, 801, 717. *H NMR, &, ppm: 0.81-0.84 (sbr, 3H, (8')CHs), 1.17-1.31 (m, 13H, CO2CH>CHs,
5CH3), 1.71 (Sbr, 2H, (2")CH,), 4.07-4.10 (m, 4H, (1')CH,, CO,CH,CHs), 5.53 (d, 1H, (4)CH, 3J 14.0 Hz), 6.74 (t,
1H, CHpy, J 6.5 Hz), 7.55 (t, 1H, CHpy, J 7.7 Hz), 7.74 (d, 1H, CHpy, J 8.9 Hz), 7.99-8.10 (m, 2H, CHpy, (3)CH). 3C
NMR, 6, ppm: 14.34, 15.08, 22.49, 26.19, 27.66, 28.82, 29.01, 31.54, 55.25, 58.83, 59.37, 75.83, 92.65,
114.44, 120.33, 120.74, 138.08, 141.92, 147.39, 153.10, 166.32. Anal. calcd for CyoH2sN20, (328.46): C,
73.14; H, 8.59; N, 8.53. Found: C, 72.98; H, 8.42; N, 8.46.
(2E,4E)-4-(1-Octylpyridin-2(1H)-ylidene)-2-cyanobut-2-enethioamide (6i). Yield 88%, mp 139-141 °C, red
crystals. IR (KBr), v, cm™: 3432, 3295, 3189, 3088, 2922, 2853, 2178, 1630, 1610, 1536, 1410, 1365, 1307,
1236, 1217, 1148, 1056, 1036, 959, 862, 821, 757, 716, 573, 545. *H NMR, &, ppm: 0.85 (t, 3H, (8')CHs, J 6
Hz), 1.25-1.32 (m, 10H, 5CH2), 1.73 (sbr, 2H, (2')CH2), 4.11 (t, 2H, (1')CH,,J 7.3 Hz), 5.57 (d, 1H, (4)CH, 3 13.7
Hz), 6.82 (t, 1H, CHpy, J 6.7 Hz), 7.63 (d, 1H, CHpy, J 7.3 Hz), 7.82 (d, 1H, CHpy, J 9 Hz), 7.98-8.05 (m, 3H, NH,
CHpy), 8.39 (d, 1H, (3)CH, 3/ 13.7 Hz). 13C NMR, 6, ppm: 14.39, 22.48, 26.21, 27.70, 28.82, 29.00, 31.54,
55.43, 89.38, 94.16, 114.80, 120.48, 121.05, 138.18, 142.24, 144.86, 153.27, 190.78. Anal. calcd for
CisH2sN3S (315.48): C, 68.53; H, 7.99; N, 13.32; S, 10.16. Found: C, 68.48; H, 7.88; N, 13.13; S, 10.09.
tert-Butyl (E)-2-(2-(3,3-dicyanoallylidene)pyridin-1(2H)-yl)acetate (6j). Yield 65%, mp 187-189 °C, yellow
crystals. IR (KBr), v, cm™: 2182, 1672, 1664, 1523, 1459, 1443, 1411, 1306, 1241, 1208, 1148, 1085, 1035,
964, 807, 770, 754, 715, 650, 551, 455. *H NMR, &, ppm: 1.46 (s, 9H, C(CHs)3), 5.00 (s, 2H, CH2C0,-t-Bu), 5.30
(d, 1H, (2)CH, 3/ 13.6 Hz), 6.86 (t, 1H, CHpy, J 6.7 Hz), 7.62 (t, 1H, CHpy, J 7.7 Hz) 7.92-7.97 (m, 3H, (1)CH,
2CHpy). 13C NMR, 8, ppm: 27.98, 50.96, 57.20, 83.84, 93.45, 114.84, 118.40, 120.59, 121.01, 138.80, 142.44,
150.28, 153.57, 166.09. Anal. calcd for Ci6H17N302 (283.33): C, 67.83; H, 6.05; N, 14.83. Found: C, 67.71; H,
5.94; N, 14.70.

Ethyl (2E,4E)-4-(1-(2-(tert-butoxy)-2-oxoethyl)pyridin-2(1H)-ylidene)-2-cyanobut-2-enoate (6k). Yield 63%,
mp 171-173 °C, orange crystals. IR (KBr), v, cm™: 3090, 3055, 2986, 2974, 2904, 2187, 1731, 1669, 1637,
1525, 1458, 1417, 1370, 1310, 1231, 1152, 1091, 1046 1023, 967, 952, 877, 801, 772, 756, 720. *H NMR, &,
ppm: 1.21 (t, 2H, CO2CH2CHs, J 7 Hz) 1.44-1.47 (m, 9H, C(CHs)s), 4.10 (g, 2H, CO2CH2CHs, J 7 Hz), 4.94 (s, 2H,
CH,CO,t-Bu), 5.30 (d, 1H, (4)CH, 3/ 13.7 Hz), 6.76 (t, 1H, CHpy, J 7.7 Hz), 7.56 (t, 1H, CHpy, J 7.7 Hz), 7.74 (d,
1H, CHpy, J 9 Hz), 7.90 (d, 1H, CHpy, J 6.5 Hz), 8.09 (d, (3)CH, 1H, 3/ 13.7 Hz). 13C NMR, &, ppm: 15.03, 27.99,
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57.01, 59.62, 77.48, 83.74, 92.51, 113.80, 119.87, 120.57, 138.25, 142.35, 147.86, 153.87, 166.11, 166.16.
Anal. calcd for CisH22N204 (330.38): C, 65.44; H, 6.71; N, 8.48. Found: C, 65.27; H, 6.61; N, 8.34.

tert-Butyl 2-((E)-2-((E)-4-amino-3-cyano-4-thioxobut-2-en-1-ylidene)pyridin-1(2H)-yl)acetate (6l). Yield
63%, mp 199-201 °C, red crystals. IR (KBr), v, cm™: 3445, 3294, 3200, 2183, 1750, 1621, 1567, 1542, 1408,
1368, 1303, 1282, 1242, 1226, 1162, 1145, 1048, 864, 852, 803, 768, 747, 697, 667, 558, 537. 'H NMR, §,
ppm: 1.47 (s, 9H, C(CHs)3), 4.94 (s, 2H, CH,CO,-t-Bu), 5.30 (d, 1H, (4)CH, 3/ 13.3 Hz), 6.78 (t, 1H, CH,y, J 6.4
Hz), 7.61 (t, 1H, CHpy, J 7.4 Hz), 7.80 (d, 1H, CHpy, J 8.9 Hz), 7.91 (d, 1H, CHpy, J 6.4 Hz ), 8.10 (sbr, 2H, NH2),
8.35 (d, (3)CH, 1H, 3/ 13.3 Hz). 3C NMR, §, ppm: 28.01, 57.03, 83.78, 91.05, 93.64, 113.92, 120.01, 120.79,
138.14, 142.56, 144.86, 153.98. Anal. calcd for Ci16H19N302S (317.41): C, 60.55; H, 6.03; N, 13.24; S, 10.10.
Found: C, 60.48; H, 5.92; N, 13.11; S, 10.06.

2-(2-(1-Methylpyridin-4(1H)-ylidene)ethylidene)malononitrile (7a). Yield 68%, mp >260 °C, orange crystals.
IR (KBr), v, cm™: 2189, 2164, 1649, 1560, 1538, 1517, 1485, 1310, 1278, 1181, 1041, 954, 847, 804, 708,
576, 495. 'H NMR, &, ppm: 3.78 (s, 3H, CHs), 5.64 (d, 1H, (2)CH, 3/ 14.2 Hz), 7.23 (sbr, 2H, (3,5)CHpy), 7.70 (d,
1H, (1)CH, 3J 14.2 Hz), 7.89 (d, 2H, (2,6)CHpy, J 6.7 Hz). 13C NMR, 6, ppm: 44.56, 47.73, 102.54, 119.48,
121.66, 141.66, 147.88, 152.84. Anal. calcd for CiiHoN3 (183.21): C, 72.11; H, 4.95; N, 22.94. Found: C,
72.06; H, 4.92; N, 22.65.

Ethyl (Z)-2-cyano-4-(1-methylpyridin-4(1H)-ylidene)but-2-enoate (7b). Yield 68%, mp 211-213 °C, orange
crystals. IR (KBr), v, cm™: 2192, 1668, 1576, 1516, 1492, 1460, 1416, 1364, 1308, 1276, 1256, 1228, 1208,
1168, 1100, 1016, 948, 844, 812, 756, 668, 484. *H NMR, &, ppm: 1.18 (t, 3H, CO2CH,CH3 J 7 Hz), 3.77 (s, 3H,
CHs), 4.06 (g, 2H, CO2CH2CHs, J 7 Hz), 5.62 (d, 1H, (4)CH, 3/ 14.3 Hz), 7.14 (sbr, 2H, (3,5)CHpy), 7.79 (d, 2H,
(2,6)CHpy, J 6.8 Hz), 7.95 (d, 1H, (3)CH, 3/ 14.3 Hz). 13C NMR, &, ppm: 15.11, 44.36, 59.33, 74.27, 74.50,
101.87, 120.93, 141.27, 146.00, 153.09, 166.75. Anal. calcd for Ci3H14N20; (230.27): C, 67.81; H, 6.13; N,
12.17. Found: C, 67.78; H, 5.88; N, 12.12.
(Z)-2-Cyano-4-(1-methylpyridin-4(1H)-ylidene)but-2-enethioamide (7c). Yield 50%, mp 216-218 °C,
vinous-colored crystals. IR (KBr), v, cm™: 3336, 3299, 3173, 2182, 1643, 1573, 1477, 1427, 1416, 1385,
1311, 1251, 1186, 1121, 1033, 948, 879, 853, 782, 718, 647, 599, 494. 'H NMR, &, ppm: 3.79 (s, 3H, CHs),
5.65 (d, 1H, (4)CH, 3/ 13.8 Hz), 7.20 (sbr, 2H, (3,5)CHpy), 7.86 (M, 4H, NHy, (2,6)CHpy), 8.25 (d, 1H, (3)CH, 3
13.8 Hz). 3C NMR, 6, ppm: 44.47, 88.19, 103.28, 116.97, 117.41, 120.82, 141.32, 143.80, 153.43, 190.58.
Anal. calcd for C11H11N3S (217.29): C, 60.80; H, 5.10; N, 19.34; S, 14.75. Found: C, 60.77; H, 5.03; N, 19.17; S,
14.62.

2-(2-(1-Butylpyridin-4(1H)-ylidene)ethylidene)malononitrile (7d). Yield 67%, mp 171-173 °C, orange
crystals. IR (KBr), v, cm™: 3072, 2960, 2933, 2863, 2190, 2168, 1648, 1549, 1512, 1487, 1441, 1397, 1313,
1270, 1171, 1038, 939, 847, 711, 614, 576, 498. *H NMR, &, ppm: 0.89 (t, 3H, (4')CHs3,J 6.7 Hz), 1.21-1.28 (m,
2H, (3')CH2), 1.67-1.76 (m, 2H, (2')CH,), 4.03 (t, 2H, (1')CH,, J 7 Hz), 5.66 (d, 1H, (2)CH, 3/ 14.1 Hz), 7.21 (sbr,
2H, (3,5)CHpy) 7.74 (d, (1)CH, 1H, 3/ 14.1 Hz), 7.98 (d, 2H, (2,6)CHpy, J 6.9 Hz). 13C NMR, &, ppm.: 13.81, 19.25,
32.69, 48.11, 57.05, 102.61, 119.41, 121.60, 128.81, 140.77, 148.09, 153.00, 155.00. Anal. calcd for C1aH15N3
(225.30): C, 74.64; H, 6.71; N, 18.65. Found: C, 74.55; H, 6.60; N, 18.52.

Ethyl (Z)-2-cyano-4-(1-butylpyridin-4(1H)-ylidene)but-2-enoate (7e). Yield 68%, mp 139-141 °C, orange
crystals. IR (KBr), v, cm™: 3060, 2964, 2936, 2896, 2192, 1656, 1527, 1492, 1420, 1332, 1256, 1224, 1192,
1104, 948, 848, 820, 756, 540, 504. *H NMR, &, ppm: 0.89-0.92 (m, 3H, (4')CHs), 1.17-1.24 (m, 5H, (3")CH,,
CO,CH,CHs), 1.70 (sbr, 2H, (2°)CH2), 4.01-4.06 (m, 4H, (1')CH,, CO2CH2CHs), 5.63 (d, 1H, (4)CH, 3/ 14.3 Hz),
7.25 (Sbr, 2H, (3,5)CHyy), 7.87-7.99 (m, 3H, (2,6)CHpy, (3)CH). 13C NMR, 6, ppm: 13.83, 15.12, 19.26, 32.71,
56.78, 59.30, 101.89, 120.77, 140.93, 140.48, 146.24, 153.20, 166.61. Anal. calcd for C16H20N202 (272.35): C,
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70.56; H, 7.40; N, 10.29. Found: C, 70.49; H, 7.25; N, 10.10.
(Z)-2-Cyano-4-(1-butylpyridin-4(1H)-ylidene)but-2-enethioamide (7f). Yield 62%, mp 182-184°C, vinous-
colored crystals. IR (KBr), v, cm™: 3405, 3274, 3174, 2958, 2927, 2857, 2171, 1641, 1613, 1556, 1544, 1475,
1411, 1369, 1315, 1255, 1171, 1035, 870, 860, 764, 640, 559, 506. *H NMR, &, ppm: 0.89 (t, 3H, (4')CHs,) 6.9
Hz), 1.22-1.29 (m, 2H, (3')CH2), 1.69-1.74 (m, 2H, (2')CH>), 4.01(t, 2H, (1')CH,,J 6.9 Hz), 5.65 (d, 1H, (4)CH, 3]
13.2 Hz), 7.18 (sbr, 2H, (3,5)CHpy), 7.9-7.94 (m, 4H, (2,6)CHpy, NH2), 8.25 (d, 1H, (3)CH, 3/ 13.2 Hz). 13C NMR,
6, ppm: 13.84, 19.29, 32.70, 56.96, 88.59, 103.29, 120.78, 140.43, 143.74, 153.56, 190.61. Anal. calcd for
C14H17NsS (259.37): C, 64.83; H, 6.61; N, 16.20; S, 12.36. Found: C, 64.77; H, 6.51; N, 16.14; S, 12.21.
2-(2-(1-Octylpyridin-4(1H)-ylidene)ethylidene)malononitrile (7g). Yield 67%, mp 137-139°C, orange
crystals. IR (KBr), v, cm™: 3071, 2945, 2624, 2855, 2193, 2173, 1648, 1539, 1515, 1487, 1456, 1434, 1399,
1376, 1329, 1311, 1267, 1212, 1161, 1036, 958, 856, 807, 723, 586, 576, 513. 'H NMR, 6, ppm: 0.85 (t, 3H,
(8")CH3), 1.24 (spr, 10H, 5CH3), 1.73 (sbr, 2H, (2°)CH,), 4.02 (t, 2H, (1')CHy, J 7 Hz), 5.68 (d, 1H, (2)CH, 3/ 13.2
Hz), 7.27 (sbr, 2H, (3,5)CHypy), 7.75 (d, 1H, (1)CH, 3/ 13.2 Hz), 7.97 (d, 2H, (2,6)CHpy, J 6.9 Hz). 13C NMR, §,
ppm.: 14.37, 22.49, 25.94, 28.84, 28.95, 30.67, 31.59, 48.19, 57.29, 102.60, 119.38, 121.56, 140.75, 148.12,
152.99. Anal. calcd for C1gH23N3 (281.40): C, 76.83; H, 8.24; N, 14.93. Found: C, 76.75; H, 8.07; N, 14.81.
Ethyl (Z)-2-cyano-4-(1-octylpyridin-4(1H)-ylidene)but-2-enoate (7h). Yield 71%, mp 131-133 °C, red
crystals. IR (KBr), v, cm™: 3063, 2953, 2924, 2855, 2192, 1656, 1574, 1517, 1490, 1422, 1258, 1225, 1194,
1106, 1029, 946, 847, 822, 756. 'H NMR, &, ppm: 0.84 (t, 3H, (8')CHs), 1.17-1.22 (m, 13H, 5CH,, CO2CH2CHs),
1.71-1.73 (m, 2H, (2")CHa), 3.96-4.11 (m, 4H, (1')CH,, CO,CH,CHs), 5.64 (d, 1H, (4)CH, 3/ 14.3 Hz), 7.09 (Sbr,
2H, (3,5)CHpy), 7.85 (d, 2H, (2,6)CHpy, J 7 Hz), 7.97 (d, 1H, (3)CH, 3/ 14.3 Hz). 13C NMR, §, ppm: 14.35, 15.10,
22.49, 25.97, 28.87, 28.97, 30.70, 31.60, 57.03, 59.29, 75.04, 101.89, 120.71, 140.27, 146.26, 153.14,
166.58. Anal. calcd for CyoH2sN20> (328.46): C, 73.14; H, 8.59; N, 8.53. Found: C, 73.01; H, 8.48; N, 8.40.
(2)-2-Cyano-4-(1-octylpyridin-4(1H)-ylidene)but-2-enethioamide (7i). Yield 85%, mp 142-143 °C, red
crystals. IR (KBr), v, cm™: 3356, 3274, 3152, 2924, 2853, 2173, 1648, 1633, 1548, 1479, 1413, 1359, 1316,
1233, 1201, 1163, 1031, 962, 798, 758, 656. 'H NMR, §, ppm: 0.85 (t, 3H, (8")CHs, J 5.9 Hz), 1.24 (s, 10H,
5CH,), 1.73 (sbr, 2H, (2')CH2), 4.00 (t, 2H, (1')CHa, J 7.1 Hz), 5.66 (d, 1H, (4)CH, 3/ 14.0 Hz), 7.18 (sbr, 2H,
(3,5)CHyy), 7.88-7.94 (m, 4H, (2,6)CHpy, NH2), 8.25 (d, 1H, (3)CH, 3/ 14.0 Hz). 13C NMR, &, ppm: 14.38, 22.49,
25.98, 28.97, 30.68, 31.59, 57.17, 88.68, 103.26, 118.40, 120.75, 125.06, 129.95, 140.41, 143.76, 153.54,
190.66. Anal. calcd for CigH2s5N3S (315.48): C, 68.53; H, 7.99; N, 13.32; S, 10.16. Found: C, 68.51; H, 7.85; N,
13.19; S, 10.04.
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