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SYNTHESIS OF SOME FUNCTIONALLY SUBSTITUTED DERIVATIVES
ON THE BASE OF COMPOUNDS WITH ACTIVATED DOUBLE BOND
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Abstract. The Michael addition of benzoylacetone and ethyl-4-chloroacetoacetate to 2-(thiophene-2-car-
bonyl)-3-(p-tolyl)acrylonitrile was carried out. Corresponding 5-benzoyl-2-hydroxy-4-oxo-2-(thiophen-2-
yl)-6-(p-tolyl)cyclohexane-1-carbonitrile and 3-chloro-5-cyano-4-hydroxy-2-oxo-4-(thiophen-2-yl)-6-(p-
tolyl)cyclohexane-1-carboxylate were formed by these reactions. By the interaction of synthesized 5-
benzoyl-2-hydroxy-4-oxo-2-(thiophen-2-yl)-6-(p-tolyl)cyclohexane-1-carbonitrile with hydrazine hydrate
the bicyclic compound  6-hydroxy-3-phenyl-6-(thiophen-2-yl)-4-(p-tolyl)-3a,4,5,6-tetrahydro-1H-
indazole-5-carbonitrile was formed. By the Michael addition of ethyl 4-chloroacetoacetate to 2-cyano-3-
(4-fluorophenyl)acrylamide and 2-cyano-3-(thiophen-2-yl)acrylamide corresponding substituted pyridone
derivatives were synthesized. Structures of all synthesized compounds confirmed by NMR spectroscopy.
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1. Introduction

There are informations about Michael addition of nucleophilic agents (methylene
active compounds, enamines, diamines and etc) to compounds containing activated
double bond in various conditions and cyclocondensation that formes new C—C, C—N,
C-S bonds in synthesis of functionally substituted derivatives that formed by
functionally substituted derivatives (Adib et al., 2018; Naghiyev, 2019a, 2019b;
Naghiyev et al., 2020; Tahmassebi et al., 2011; Kiruthika et al., 2011; Tisseh et al.,
2012; Feng et al., 2013; Pal et al., 2015; Qiu et al., 2010; Lakshmi et al., 2012;
Bardasov et al., 2019; Quiroga et al., 2001; Jadhav et al., 2019; Li et al., 2013,
Mukhopadhyay et al., 2011). Obtained in these reactions substituted pyridone, pyridine,
pyrazole compound an potential biologically active compounds. So, there an papers
(Nguyen et al., 2019; Kanagarajan et al., 2011; Gopalakrishnan et al., 2009) about
investigation of antimicrobic activites of cyclohexanones and 1H-indazole.

In presented work, we carried out Michael addition of benzoylacetone to 2-
(thiophene-2-carbonyl)-3-(p-tolyl)acrylonitrile at room temperature, methanol media
and in the presence of 1-methylpiperazine dropwise. 5-benzoyl-2-hydroxy-4-oxo-2-
(thiophen-2-yl)-6-(p-tolyl)cyclohexane-1-carbonitrile  (3) was formed in reaction.
According to the proposal mechanism at first the corresponding Michael-adduct
(intermediate A) was formed. Then by the action of base, intermediate A transforms to
intermediate B. The reaction product (3) was obtained as a result of attack of carbanion
CH; (nukleophilic agent) to carbon of carbonyl group.
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By the interaction of 5-benzoyl-2-hydroxy-4-oxo-2-(thiophen-2-yl)-6-(p-
tolyl)cyclohexane-1-carbonitrile (3) with hydrazine by reflux in ethanol-water media 6-
hydroxy-3-phenyl-6-(thiophen-2-yl)-4-(p-tolyl)-3a,4,5,6-tetrahydro-1H-indazole-5-
carbonitrile (5) was obtained. By our mind, nitrogen of hydrazine containing electron
pair attacks as nucleophile to the carbon of carbonyl group and water eliminates so
intermediate (corresponding hydrazine derivative) forms. The intermediate goes to enol-
form and by elimination of other NH,-group and water from enol gives reaction product
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Figure 1. 'H NMR spectrum of 6-hydroxy-3-phenyl-6-(thiophen-2-yl)-4-(p-tolyl)-3a,
4,5,6-tetrahydro-1H-indazole-5-carbonitrile (5)
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The Michael addition of ethyl 4-chloroacetoacetate to 2-(thiophene-2-carbonyl)-3-
(p-tolylacrylonitrile at the same conditions gives 3-chloro-5-cyano-4-hydroxy-2-oxo-4-
(thiophen-2-yl)-6-(p-tolyl)cyclohexane-1-carboxylate. The possible mechanism of
formation of (7) is the similar with (3).
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We get corresponding substituted pyridone derivatives in satisfied yields by
carring out of Michael addition of ethyl 4-chloroacetoacetate with 2-cyano-3-(4-fluoro-
phenyl)acrylamide and 2-cyano-3-(thiophen-2-yl)acrylamide at the conditions shown
above.
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CH;0H, r.t., 48 h.
R—CH=—C + H,C R -
C—NH, C—OEt CIH,C NH O
I | OH
O 6

R =4-F-C¢H,-(10), Thiophen (11
R = 4-F-CH,<(8), Thlophen o) Hy-(10), Thiophen (11)

2. Experimental part. General remarks

All commercially available chemicals were obtained from Merck and Fluka (Sig-
ma Aldrich) companies and used without further purification. Melting points were
measured on an Stuart SMP30 apparatus without correction. *H, **C NMR spectra were
recorded on Bruker Avance 300-MHz spectrometer at 300 and 75 MHz, respectively.
Thin-layer chromatography (TLC) on commercial aluminum-backed plates of silica gel
(60 F254) was used to monitor the progress of reactions.

Experimental procedures:

5-Benzoyl-2-hydroxy-4-o0xo-2-(thiophen-2-yl)-6-(p-tolyl)cyclohexane-1-
carbonitrile (3): 1.29 g (5.1 mmol) 2-(thiophene-2-carbonyl)-3-(p-tolyl)acrylonitrile
and 0.84 g (5.2 mmol) benzoylacetone stirrered in 35 ml of methyl alcohol. After
adding of 3-4 drops of 1-methylpiperazine to reaction mixture and stirrered for 5-7 mi-
nutes. Then reaction mixture hold out at room temperature for 48 h. The progress of the
reaction was monitored by TLC (EtOAc/n-hexane, 3:1). Crystals were precipitated after
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evaporation of solvent, filtered, recrystallized from ethanol-water mixture and obtained
in pure form (yield 1.80 g, 84.90%). Tmp. =295°C.

'H NMR (300 MHz, DMSO-dg): 2.18 (s, 3H, CHs); 2.74 (d, 1H, CH, 3Jy =
14.1); 3.43 (s, 1H, OH); 3.73 (t, 1H, CH, *Jy.4 = 14.1); 4.07 (s, 2H, CH,); 5.58 (d, 1H,
CH, )i = 10.5); 7.07-7.80 (m, 12H, 9Ar—H+3CHnieny).

BC NMR (75 MHz, DMSO-dg): 21.02 (CHs—Ar), 44.55 (CH-Ar), 48.34
(CH-CN), 54.61 (CH,), 61.14 (CH-C=0), 75.48 (O—Cer), 118.66 (CN), 124.34
(CHarom), 125.89 (CHarom), 127.68 (CHarom), 128.35 (2CHarom), 128.46 (2CHarom), 129.27
(2CHarom), 129.64 (2CHihieny1), 134.06 (CHinienyr), 136.87 (Car), 137.19 (Ca), 137.33
(Car), 150.28 (Cihienyr), 196.42 (C=0), 204.52 (C=0).

6-Hydroxy-3-phenyl-6-(thiophen-2-yl)-4-(p-tolyl)-3a,4,5,6-tetrahydro-1H-

indazole-5-carbonitrile (5): 2.12 g (0.0051 mol) 5-Benzoyl-2-hydroxy-4-oxo-2-
(thiophen-2-yl)-6-(p-tolyl)cyclohexane-1-carbonitrile (3) 40 ml of ethanol in flask
provided with freezer, thermometr and stirrer. Then excess of hydrazine hydrate added
to reaction mixture and refluxed for 6 hours. Formed reaction mixture replaced to the
glass. After evaporation of solvent, crystalls were precipitate. Crystalls were filtered,
separated, recrystallized from ethanol (95%) - water mixture and dried. (yield 1.93 g,
91.90%). Tmp. = 354°C.

'H NMR (300 MHz, DMSO-de): 2.11 (s, 3H, CH3); 3.15 (d, 2H, CH + OH); 3.49
(t, 1H, CH-Ar); 4.51 (d, 1H, CH-CN, *Jy = 9.3); 6.59-7.43 (m, 12H, 9Ar-H +
3Cchien§|); 12.87 (s, 1H, NH).

C NMR (75 MHz, DMSO-dg): 21.02 (CHs), 40.68 (CH), 41.70 (CH-Ar),
50.59 (CH-CN), 73.49 (O—Cen), 119.92 (CN), 123.86 (CH=), 125.15 (CHihieny1), 127.64
(4CHaom), 127.76  (CHihieny1),128.00  (CHinienyr), 128.01  (3CHarom), 128.79
(CHarom),129.24 (CHarom), 136.08 (2Car), 138.45 (Car. + Cihienyt), 152.29 (=Cien—NH),
152.35 (=Cierr—NH).

Ethyl3-chloro-5-cyano-4-hydroxy-2-oxo-4-(thiophen-2-yl)-6-(p-
tolyl)cyclohexane-1-carboxylate (7): 1.29 g (5.1 mmol) 2-(thiophene-2-carbonyl)-3-
(p-tolylacrylonitrile and 0.86 g (5.2 mmol) ethyl 4-chloroacetoacetate stirrered in 35
ml of methyl alcohol. After adding of 3-4 drops of 1-methylpiperazine to reaction
mixture and stirrered for 5-7 minutes. Then reaction mixture hold out at room
temperature for 48 h. The progress of the reaction was monitored by TLC (EtOAc/n-he-
xane, 3:1). Crystals were precipitated after evaporation of solvent, filtered, recrystalli-
zed from ethanol-water mixture and obtained in pure form (yield 1.72 g, 80.75%). Tump.
= 345°C.

'H NMR (300 MHz, DMSO-dg): 0.99 (t, 3H, CHs, *Ju.4=7.05); 2.28 (s, 3H,
CHs); 3.31 (s, 1H, OH); 3.79 (t, 1H, CH-Ar, *Jup = 12.6); 3.94 (k, 2H, CHy, Iy =
6.9); 4.36 (t, 2H, CH-CN + CH-CO); 5.74 (s, 1H, CH—CI); 7.05-7.54 (m, 7H, 4Ar—H +
3Cchien)§l)-

3C NMR (75 MHz, DMSO-ds): 14.26 (CHs), 21.15 (CHs3), 44.10 (CH), 48.57
(CH), 61.02 (CH), 61.23 (CH,0), 72.84 (CH—CI), 79.68 (O—Cer), 117.77 (CN), 125.67
(CHthieny1), 126.72 (CHuhieny1), 127.50 (CHinienyt), 128.43 (2CHarom), 129.84 (2CHarom),
135.34 (Cy4), 137.90 (Caqr), 146.90 (Cinienyr), 167.09 (COO), 194.32 (C=0).

Ethyl2-(chloromethyl)-5-cyano-4-(4-fluorophenyl)-2-hydroxy-6-
oxopiperidine-3-carboxylate  (10): 097 g (5.1 mmol) 2-Cyano-3-(4-
fluorophenyl)acrylamide and 0.86 g (5.2 mmol) ethyl 4-chloroacetoacetate stirrered in
35 ml of methyl alcohol. After adding of 3 drops of 1-methylpiperazine to reaction
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mixture and stirrered for 10 minutes. Then reaction mixture hold out at room temperatu-
re for 48 h. The progress of the reaction was monitored by TLC (EtOAc/n-hexane, 3:1).
Crystals were precipitated after evaporation of solvent, filtered, recrystallized from etha-
nol-water mixture and obtained in pure form (yield 1.39 g, 76.79%). Tmp. = 193°C.

'H NMR (300 MHz, DMSO-dg): 0.84 (t, 3H, CHs, *Ju.n = 6.9); 3.61 (d, 1H, CH);
3.69 (s, 3H, CH,CI); 3.79 (k, 2H, CH,0); 3.88 (t, 1H, CH—Ar); 4.49 (d, 1H, CH, *Jyyy =
12.3); 7.03 (s, 1H, OH); 7.15-7.45 (m, 4H, 4Ar—H); 9.00 (s, 1H, NH).

C NMR (75 MHz, DMSO-dg): 13.95 (CHiCH.), 39.64 (CH-CN), 41.92
(CH-Ar), 48.21 (CH,CI), 50.36 (CH—COO0), 60.82 (CH,0), 82.85 (O—Crn), 115.59
(CHarom), 115.87 (CHarom), 117.31 (CN), 130.66 (CHarom), 130.76 (CHarom), 135.50-
135.53 (Cq), 160.34-163.57 (F—Cy.), 163.75 (N-C=0), 167.95 (O—C=0).

Ethyl2-(chloromethyl)-5-cyano-2-hydroxy-6-oxo-4-(thiophen-2-yl)piperidine-
3-carboxylate (11): Similar with synthesis of compound 10, but use 0.91 g (0.0051
mol) 2-cyano-3-(thiophen-2-yl)acrylamide. Yield 1.49 g, 85.14%. Tmp. = 165°C.

'H NMR (300 MHz, DMSO-dg): 0.93 (t, 3H, CH3, *Ju.4 = 6.9); 3.16 (d, 1H, CH,
*Jun = 4.5); 3.67 (s, 3H, CH,CI): 3.89 (k, 2H, CH,0, *Ju.h = 6.6); 4.18 (t, 1H, CH—Ar,
3Jun = 12.6); 451 (d, 1H, CH, *Jup = 12); 7.00 (s, 1H, OH); 6.98-7.43 (m, 3H,
3CHuhienyr); 9.01 (s, 1H, NH).

3C NMR (75 MHz, DMSO-dg): 14.04 (CHsCH,), 35.54 (CH-CN), 4291
(CH-Ar), 48.16 (CH,CI), 51.57 (CH-COO), 60.95 (CH,0), 82.74 (O—Cien), 117.32
(CN), 125.62 (CHihieny1), 126.49 (CHinienyt), 127.50 (CHiienyr), 141.93 (Cinienyr), 163.41
(N-C=0), 167.83 (O—C=0).
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