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Лактон-пиридоновые кольца содержат множество биологически активных моле-

кул природного и искусственного происхождения. Молекулы, содержащиеся в этих двух 
кольцах, представленные серпежином и его производными, также будут проявлять высо-
кую биологическую активность. Также нужно принять во внимание, что как натураль-

ные, так и синтетические мультизамещенные лактоны имеют высокую биологическую 
активность. Таким образом, исследования в области мультизамещенных лактонов и 
дальнейшие превращения имеют вполне конкретный интерес. Первоначальным этапом 

был синтез 2-ацетилфуранонового кольца. На следующем этапе, в результате конденса-
ции этилцианоацетата с 2-ацетилфураноном по Кневенагелю, были получены 3-замещен-
ные лактоны, которые по данным 1H ЯМР спектроскопии представляют собой смесь E и 

Z изомеров. Затем при нагревании 3-замещенных лактонов с диметилформамид димети-
лацеталем ДМФА/ДМА были получены 3-замещенные лактоны, содержащие в структуре 
диеновый фрагмент. Стереоселективное присоединение E было обнаружено с помощью 
1H ЯМР спектра. Затем под действием соответствующего амина в результате реакций 
межмолекулярного замещения образуются соединения, содержащие лактонную и пири-
диновую группу, изолированную σ-связью (серпежиноподобное соединение). При нагрева-

нии в щелочной среде происходит внутримолекулярная циклизация с образованием новых 
триконденсированных систем из-за близкого расположения циановой группы пиридино-
вого кольца и четвертой метильной группы лактонового кольца. Таким образом, разрабо-

тан оптимальный метод синтеза серпежиноподобных соединений. Данные соединения 
вызывают интерес тем, что в своем скелете имеют не только конденсированную систему, 
но и спироциклы, поэтому могут служить объектами для дальнейших исследований. 

Ключевые слова: лактон, пиридон, синтез, ДМФ/ДМА, стереоселективный, нуклеофильное при-
соединение, нуклеофильное вычитание, активная метильная группа конденсированных систем 
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Lactone-pyridone rings contain many biologically active molecules of natural and artificial 

origin. The molecules contained in these two rings, represented by Cerpegine and its derivatives, 

will also exhibit high biological activity. It is also necessary to take into account that both natural 

and synthetic multi-substituted lactones have high biological activity. Thus, research in the field of 

multi-substituted lactones and further transformations are of particular interest. The synthesis of 

such systems began with the synthesis of a 2-acetylfuranone ring. In the next step, condensation of 

ethylcyanoacetate with 2-acetylfuranone by Knewenegel produced 3-substituted lactones, which 

according to the NMP 1H spectroscopy are a mixture of E and Z isomers. Then, when 3-substituted 

lactones were heated with dimethylformamide dimethylacetal DMFA/DMA, 3-substituted lactones 

containing a diene fragment in the structure were obtained. Stereoselective attachment E was de-

tected using the NMR 1H spectrum. Then, under the action of the corresponding amine, the inter-

molecular substitution reactions produce compounds containing a lactone and pyridine group iso-

lated by a σ-bond (serpegenous compound). Due to the proximity of the cyanide group of the pyri-

dine ring and the fourth blight group of the lactone ring, intramolecular cyclization occurs during 

heating in the alkaline medium to form new tricondensed systems. Thus, an optimal method of 

synthesis of serpegenous compounds has been developed. These systems are of interest because in 

their skeleton they have not only a condensed system but also spirocycles. The connections them-

selves may be a promise for further exploration. 

Key words: lactone, pyridone, synthesis, DMF / DMA, stereoselective, nucleophilic addition, nucleo-

philic substitution, active methyl group 
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INTRODUCTION 

Many natural and artificial biologically active 

compounds contain the furanone ring, γ-lactone, and 

its derivatives [1-8] (Fig. 1a-c). The γ-lactone ring con-

tains lactone sesquiterpenes (SLs), which are mostly 

found in plants of the Asteraceae family [9]. These 

compounds have various pharmacological applications 

[10-13]. They show anti-cancer, cytotoxic, antibacte-

rial, immunoregulatory, and anti-inflammatory activities. 

The pyridone ring and its derivatives are also 

abundant in various natural and artificial molecules 

[16-19]. The alkaloid cordipyridone A (Fig. 1d) has 

anti-malarial activity [20]. It suppresses the growth of 

the P. falciparum parasite. Another natural pyridone 

alkaloid is fusapyridone A (Fig. 1e) which exhibits an-

tibacterial activity [21]. (±)-flavopucin (Fig. 1f) is an-

other natural pyridone compound that exhibits antibac-

terial and cytotoxic activity [22]. A study in 2021 

showed that cordipyridone A, fusapyridone A, (±)-fla-

vopucin, and other natural compounds containing the 

pyridone cycle inhibit coronavirus 2, the major prote-

ase of SARS-CoV-2, which is necessary for virus rep-

lication [23]. 

 

 
Fig. 1. Natural biological active molecules containing γ-lactone 

and 2-pyridone rings. a- arglabin [14], b- parthenolide [15], c-lac-

tucine [15], d-cordipyridone A [20], e- fusapyridone A [21],  

f-(±) -flavopucin[22]. 

Рис. 1. Природные биологически активные молекулы, содер-

жащие γ-лактонное и 2-пиридоновое кольца. a- арглабин [14], 

b- партенолид [15], c- лактуцин [15], d- кордипиридон A [20], 

e- фузапиридон A [21], f-(±)-флавопуцин [22] 
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Fig. 2. Cerpegin 

Рис. 2. Серпежин 

 

Not surprisingly, molecules containing pyri-

done-lactone rings will exhibit biological activity 

[24-27]. A classic example of this is the natural alka-

loid cerpegin (Fig. 2), which was first isolated from the 

extract of the plant Ceropegia Juncea [28]. The plant 

has been used as a tranquilizer and anti-cancer and 

anti-inflammatory agent. Cerpegin and its derivatives 

are effective proteaosome inhibitors [29-30]. Proteo-

some inhibitors have a regulatory effect on both cyto-

toxic and cell-modulatory functions [31]. 

Finally, the great importance has the spiro-

fused polycyclic systems [32]. Similar molecules have 

antimalarial [33], anti-HIV [34], antitubercular [35], 

and MDM2 inhibitor [36]. That is why the synthesis of 

these systems is an important task. 

The molecules synthesized in this study are 

thought to inhibit the proteasome. 

DESCRIPTION 

The main goal of the research is to study and 

optimize the reactions of the synthesis of Cerpegin-like 

substances. The synthesis started with the sequence of 

(Scheme 1). 2-Acetylfuranone derivatives (4a-c) are 

the starting material for synthesis. We get them in our 

laboratory by two methods [37]. The first method is the 

aldol-crotonic condensation of 1a-c keto alcohols and 

ethyl acetoacetate (2) in the basic medium, followed by 

a re-esterification reaction to form the 4a-c compound 

[38]. However, in this method, the reaction takes quite 

a long time and the yield of the reaction is quite low. 

For that reason, our team gets the 4a-c compound by 

the second method. In this case the condensation reac-

tion proceeds between keto alcohols (1a-c) and 2,2,6-

Trimethyl-4H-1,3-dioxin-4-one (3). With this method, 

compound 4a-c is obtained with a faster and higher 

yield. In the next step, under the influence of ammo-

nium acetate, the Knoevenagel condensation reaction 

proceeds between the 4a-c compound and ethyl cyano-

acetate (5) [39]. The compound 6a-c is formed, which 

is a mixture of E and Z isomers. 

N, N-dimethylformamide dimethyl acetal 

(DMF/DMA) is one-carbon block [40], which inter-

acts with compound 6a-c to form compound 7a-c. 

Compound 6a has two active methyl groups, one at-

tached to the furanone ring and the other attached to 

the carbon chain double bond attached to the furanone 

ring. The second methyl group is more acidic, so with 

a high yield =CH-N(Me)2 group joins the second me-

thyl group. Compound 7a-c should theoretically have 

4 isomers, but only two isomers in the 1H NMR spec-

trum. The spin-spin interaction constant of the vicinal 

hydrogens in the 4’ and 5’ positions is 12.5, which cor-

responds to the spin-interaction constant in the E posi-

tion hydrogens. From all this, we understand that only 

trans isomers arise from the connection of DMF/DMA. 

It is also interesting to note that the two methyl groups 

attached to nitrogen at compound 7a-c are not equiva-

lent, as these methyls differ from each other in the 1H 

NMR spectrum. This phenomenon is explained by the 

presence of a p-π coupling between the electron pair 

nitrogen և  double bond, which complicates the rota-

tion of the bond and in this case the methyl groups are 

already different. 

 

 
Scheme 1 

Схема 1 

 

In the next stage, target cerpegin-like com-

pounds have already been obtained (Scheme 2). Unlike 

Cerpegin, in these molecules, the pyridone-furanone 

rings are connected by a single bond. This stage has 

been implemented by our team in two ways, and those 

methods have been optimized. The reaction was car-

ried out between different amines and compound 7a-c. 

The reaction is initially carried out by intermolecular 

nucleophilic substitution, with the removal of dime-

thylamine and the replacement of amine. An intramo-

lecular nucleophilic substitution then occurs, resulting 

in the formation of the pyridone ring. In the first 

method, the reaction was carried out in xylene, boiling 

the reaction mixture for 10 h [41]. The reaction was 

monitored by the release of dimethylamine. The first 

method has a lower yield compared to the second 

method. In the second method, the reaction was carried 

out under pressure by heating the reaction mixture in a 

water bath. This method produces quite high yields. 

Continuing the research, our team noticed that 

in the basic medium 8a-i they undergo intramolecular 

cycling, aromatic-benzene, with the formation of a ring 

(Scheme 3). The γ-lactone ring of 8a-n compounds in 
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the 3rd position contains the active methyl group, 

which is easily deprotonated by the action of the base. 

An intramolecular nucleophilic coupling then takes 

place, with the negatively charged methylene anion at-

tacking the partially positively charged carbon of the 

pyridone ring nitrile group. 

In the 1H NMR spectrum of 11 compounds, the 

C-5 amino group hydrogens chemical shift is broad in 

the range of 6.5-10 ppm. The reason for the wide rup-

ture is the intracellular hydrogen bonds. Hydrogen 

bonds are formed between the C-5 amino group hydro-

gen and the C-6 position carbonyl electron pair. With 

the help of 1H NMR, it was shown that when the tem-

perature rises, the hydrogen bonds are broken, and at 

60 C they disappear completely, leaving a sharp single. 

 

 
Scheme 2 

Схема 2 

 
Table 1 

Obtained compounds with corresponding yields 

Таблица 1. Полученные соединения (8a-n,9a-m, 10a-m) с соответствующими выходами 

 
8a (78%), 

9a (82%), 

10a (87%) 

 
8b (76%), 

9b (77%), 

10b (85%) 

 
8c (72%) 

 
8d (78%) 

 
8e (75%),  

10e (69%) 

 
8f (71%), 

9f (81%), 

10f (81%) 

 
8g (87%), 

9g (68%), 

10g (73%) 

 
8h (90%), 

10h (69%) 

 
8i (68%),  

10i (73%) 

 
8j (81%) 

 
8k (79%) 

 
9l (68%),  

10l (62%) 

 
8m (83%), 

9m (71%), 

10m (87%) 

 
8n (72%) 

 

 
Scheme 3 

Схема 3 

 

Table 2 

Obtained compounds with corresponding yields 

Таблица 2. Полученные соединения (11 a-i) с соот-

ветствующими выходами 

 
11a (69%)  

11b (71%) 

 
11c (63%) 

 
11d (71%) 

 
11e (63%)  

11f (68%) 

 
11g (79%)  

11h (61%) 

 
11i (59%) 

EXPERIMENTAL 

General Information 

IR spectra were obtained on a Specord 75 IR 

spectrometer in KBr pellets. 1H and 13C NMR (300 and 

75 MHz, respectively) spectra were recorded on a Var-

ian Mercury VX 300 spectrometer in DMSO-d6–CCl4, 

1:3, at 30 °C (unless otherwise mentioned), using TMS 

as internal standard. Elemental analysis was performed 

on a EuroVector EA3000 instrument. Melting points 

were determined on a Stuart SMP10 melting point ap-

paratus.  

All starting compounds were obtained from 

commercial sources and were used without additional 

purification. 

Synthesis of 3-Acetylfuran-2(5H)-one (4a-

c). Method I. Dissolve 2.4 g (0.105 mol) of sodium 

metal in 50 ml of absolute ethanol, add 10.2 g (0.1 mol) 

of 3-hydroxy-3-methylbutane-2-one (1a-c) and 16.9 g 

(0.13 mol) of ethyl acetate (2). The resulting solution 

is boiled in a return refrigerator for 20 h, after which a 
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part of the solvent is removed, and the rest of the mass 

is neutralized with 1:1 diluted hydrochloric acid. The 

solution is extracted with diethyl ether (350 ml), dried 

over sodium sulfate, then the solvent is removed, then 

the residue is distilled under low pressure to obtain the 

corresponding 4a-c lactone.  

4-methyl-5,5-pentamethylene-3-acetylfuran-

2(5H)-one (4a): It is a well-known compound, yield 

87%, mp 55-56 C, bp 120-125 C (3 mmHg). 

4-phenyl-5,5-dimethyl-3-acetylfuran-2(5H)-

one (4b): It is a well-known compound, yield 90%, mp 

59-60 C, bp 130-135 C (3 mmHg). 

4-phenyl-5,5-pentamethylene-3-acetylfuran-

2(5H)-one (4c): It is a well-known compound, yield 

92%, mp 65-66 C, bp 135-140 C (3 mmHg). The 

physicochemical properties correspond to the litera-

ture data. 

Method II. 250 ml Toluol solution of 2.55 g 

(25 mmol) of hydroxy ketone and 1. 1.31 g (13 mmol) 

of triethylamine, add 2,2,6-Trimethyl-4H-1,3-dioxin-

4-one (3) 5.4 g (38 mmol). The reaction mixture was 

boiled in a reflux refrigerator for 3 h, then left to cool, 

neutralized with 1:1 diluted hydrochloric acid, ex-

tracted with ethyl acetate (3×100 ml). The combined 

organic part is dried with sodium sulfate. After remov-

ing the solvents, the residue is distilled in a deep vac-

uum to obtain the corresponding 4a-c lactones.  

Ethyl-2-cyano-3-(4-methyl-5,5-pentameth-

ylene-2-oxo-2,5-dihydrofuran-3-yl)but-2-ethanone 
(6a): It is a well-known compound, yield 77%, mp 85-

86 C. 

Ethyl-2-cyano-3-(4-phenyl-5,5-dimethyl-2-

oxo-2,5-dihydrofuran-3-yl)but-2-ethanone (6b): It 

is a well-known compound, yield 78%, mp 88-89 C 

Ethyl-2-cyano-3-(4-phenyl-5,5-pentameth-

ylene-2-oxo-2,5-dihydrofuran-3-yl)but-2-ethanone 

(6c): It is a well-known compound, yield 80%, mp 93-

94 C. The physicochemical properties correspond to 

the literature data. 

Synthesis of Ethyl-2-cyano-3-(4,5,5-trisub-

tituated-2-oxo-2,5-dihydrofuran-3-yl)but-2-etha-

none (General procedure) (6a-c): 5.04 g (30 mmol) 

of 3-Acetyl-4,5,5-trimethyl-2(5H)-one (4) and 3.73 g 

(33 mmol) of ethyl ester of cyanoacetic acid (5) in 20 ml 

of benzene solution add 1 g (13 mmol) ammonium ac-

etate, 2 g (33 mmol) of glacial acetic acid are boiled 

with a Din-Stark water separator. After boiling for 12 h, 

leave the reaction mixture at room temperature, wash 

with 10 ml of concentrated brine, and extract with 

320 ml of dichloromethane. Combine the organic 

parts and dry with sodium sulfate. The crystals formed 

after the removal of the solvents were washed with di-

ethyl ether and then recrystallized from the hexane/eth-

anol (4:1) system. 

Synthesis of 1-Subtituated-2-oxo-4-(4,5,5-

trisubtituated-2-oxo-2,5-dihydrofuran-3-yl)-1,2-di-

hydropyridine-3-carbonitrile (8a-n, 9a-l,10a-n) 

(General procedure)։  Method I: The mixture of 1.1 

mmol primary amine և  (1 mmol) 7a-c compounds are 

refluxed in 1 ml of xylene for 10 hours, after which it 

is left to cool. The crystals formed after freezing are 

filtered, washed with diethyl ether, then recrystallized 

from ethanol. 

Method II: In a hermetically sealed tube add 

1.1 mmol of the corresponding primary amine and 

compound 7a-c (1 mmol) to 1 ml of ethanol և  place in 

an autoclave heated to 100 C. After staying in these 

conditions for 5 h, it is allowed to cool, after which the 

autoclave is opened, the formed crystals are filtered, 

and then hexane is washed with diethyl ether in a 1: 1 

mixture. Then the corresponding compounds are sepa-

rated. 

Synthesis of 7-subtituated-5-amino-3,3-pen-

tamethylenefuro[3,4-f]isochinolidine-1,6(3H,7H)-di-

on (11a-i) (General procedure)։  0.1 mmol 1-subtit-

uated-4-(4-methyl,-5,5-pentamethylene-2 (5H) -on-3-

yl) -2-oxo-1,2-dihydropyridine-3-carbonitrile (8a-i) 

dissolve 2 ml in 1M of ethanol sodium hydroxide solu-

tion, reflux for 10 h, then filter the crystals, wash with 

diethyl ether, and obtain the results of intramolecular 

cycling. 

Synthesis of Ethyl-2-cyano-5-(dimethyla-

mine)-3-(4,5,5-trisubtituated-2-oxo-2,5-dihydrofu-

ran-3-yl)penta-2,4-dienate։  (General procedure) 

(7a-c). Compound 6a (10 mmol) and (1.3 g, 11 mmol) 

DMF/DMA add to 20 ml of the xylene solution. The 

resulting solution is refluxed for 3 h after cooling add-

ing 10 ml of hexane. The resulting crystals are filtered 

and washed with diethyl ether. 

Ethyl-2-cyano-5-(dimethylamine)-3-(4-me-

thyl-5,5-pentamethylene-2-oxo-2,5-dihydrofuran-

3-yl)penta-2,4-dienate (7a): Yield 93%, mp 142 C, 

green solid, IR spectrum, ν, cm–1: 1100 (C-O-C), 1698 

(CO), 2100 (CN), 1H NMR spectrum, δ, ppm (J, Hz): 

1.26t (3H, J=7.1, CH3CH2), 1.65-1.87m (10H,5CH2), 

1.80s (3H,3-CH3), 3.21s (3H, N-CH3), 3.21s (3H, N-

CH3), 4.06q (2H, J=7.1, CH2O), 5.66d (1H, J=12.5, 

CH), 7.06-6.98m (1H,CH), 1.33t (3H, J=7.1, CH3CH2), 

1.65-1.87m (10H, 5CH2), 1.94s (3H, 3-CH3), 3.06s 

(3H, N-CH3), 3.22s (3H, N-CH3), 4.17q (2H, J=7.1, 

CH2O), 7.06-6.98m (2H, 2-CH). Found, %: C 67.00; H 

7.33; N 7.79. C20H26N2O4. Calculated, %: C 67.02; H 

7.31; N 7.82. 
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Ethyl-2-cyano-5-(dimethylamine)-3-(4-phe-

nyl-5,5-dimethyl-2-oxo-2,5-dihydrofuran-3-yl)penta-

2,4-dienate (7b): Yield 94%, mp 153 C, green solid, 

IR spectrum, ν, cm–1: 1100 (C-O-C), 1640 (C=C), 1700 

(C=O), 2100 (CN), 1H NMR spectrum, δ, ppm (J, Hz): 

1.31t (3H, J=7.1, CH3CH2), 1.48s (3H, 5-CH3), 1.80s 

(3H, 5-CH3), 2.90s (3H, N-CH3), 3.18s (3H, N-CH3), 

4.15q (2H, J=7.1, CH2O), 5.42d (1H, J=12.5, CH), 

7.13-7.44m (6H, 5H, PH, 1CH),1.30t (3H, J=7.1, 

CH3CH2), 1.59s (3H, 5-CH3), 1.71s (3H, 5-CH3), 2.98s 

(3H, N-CH3), 3.26s (3H, N-CH3), 4.19q (2H, J=7.1, 

CH2O), 6.80-6.90m (1H), 7.13-7.44m (6H, 5H,PH, 

1CH). Found, %: C 69.50; H 6.40; N 7.30. C22H24N2O4. 

Calculated, %: C 69.46; H 6.36; N 7.36. 

Ethyl-2-cyano-5-(dimethylamine)-3-(4-phe-

nyl-5,5-pentamethylene-2-oxo-2,5-dihydrofuran-3-

yl)penta-2,4-dienate (7c): Yield 91%, mp 162 C, 

green solid,  IR spectrum, ν, cm–1: 1100(C-O-C), 

1640(C=C), 1700(C=O), 2100(CN), 1H NMR spec-

trum, δ, ppm (J, Hz): 1.11-1.23br (1H), 1.32t (3H, 

J=7.1, CH3CH2), 1.67-2.00m (9H, 5CH2), 2.88s (3H, 

N-CH3), 3.19s (3H, N-CH3), 4.16q (2H, J=7.1, CH2O), 

5.39d (1H, J=12.5, CH), 6.96-7.43m (5H, Ph), 7.17d 

(1H, J=12.5, CH), 1.11-1.23bz (1H), 1.30t (3H, J=7.1, 

CH3CH2), 1.67-2.00m (9H, 5CH2), 2.96s (3H, N-CH3), 

3.26s (3H, N-CH3), 4.06-4.14m (2H, CH2O), 6.83d 

(1H, J=12.5, CH), 6.96-6.96-7.43m (6H, 5Ph+CH). 

Found, %: C 71.37; H 6.74; N 6.60. C25H28N2O4. Cal-

culated, %: C 71.41; H 6.71; N 6.66. 

1-cyclohexyl-4-(4-methyl-2-oxo-1-oxospiro 
[4.5]dec-3-en-3-yl)-2-oxo-1,2-dihydropyridine-3-car-

bonitrile (8a): Yield 78%, mp 186-188 C, pale-yellow 

solid, IR spectrum, ν, cm–1: 1550 (C=C-C=C), 1700 

(C=O), 2200 (CN), 1H NMR spectrum, δ, ppm (J, Hz): 

1.19-1.98m (20H, 10CH2), 2.10s (3H, CH3), 4.70tt 

(1H, J=11.7, 3.3, NCH), 6.31d (1H, J=7.1-5-CH), 

8.03d (1H, J=7.1, 6-CH), 13C NMR spectrum,δ, ppm: 

12.9, 21,4 (2C), 23.8, 24.5, 25.2 (2C), 31.17 (2C), 32.7 

(2C), 54.8, 87.3, 103.2, 106.4, 114.4, 121.9, 139.3, 

148.3, 158.3, 167.3, 170.7. Found, %: C 72.05; H 7.10; 

N 7.60. C22H26N2O3. Calculated, %: C 72.11; H 7.15; 

N 7.64. 

4-(4-Methyl-2-oxo-1-oxospiro[4.5]dec-3-en-

3-yl)-2-oxo-1-(2,2,6,6-tetramethylpiperidine-4-yl)-

1,2-dihydropyridine-3-carbonitrile (8b): Yield 76%, 

mp 201-203 C, pale-yellow solid, IR spectrum, ν, cm–1: 

1650; 1700 (C=O), 2200 (CN); 3425 (NH), 1H NMR 

spectrum, δ, ppm (J, Hz): 0.7-2-br (1H, NH), 1.14s 

(6H,2CH3), 1.29s (6H, 2CH3), 1.42-1.54m (2H), 1.54-

1.66m (2H), 1.65-1.92m (10H, 7CH2), 2.09s (3H, 

CH3), 5.25tt (1H, J=12.3, 3.0, NCH), 6,32d (1H, J=7.1, 

5-CH), 8.00d (1H, J=7.1, 6-CH), 13C NMR spectrum,δ, 

ppm: 12.8, 21.4 (2C), 23.8, 28.0 (2C), 32.7 (2C), 34.2 

(2C), 42.7 (2C), 48.9, 50.9 (2C), 87.4, 103.2, 106.5, 

114.3, 121.9, 139.2, 148.3, 158.5, 167.3, 170.6. Found, 

%: C 70.90; H 7.90; N 9.95. C25H33N3O3. Calculated, 

%: C 70.89; H 7.85; N 9.92. 

4-(4-methyl-2-oxo-1-oxospiro[4.5]dec-3-en-

3-yl)-2-oxo-1-((tetrahydrofuran-2-yl)methyl)-1,2-di-

hydropyridine-3-carbonitrile (8c): Yield 72%, mp 

182-184 C, pale-yellow solid, IR spectrum, ν, cm–1: 

1520 (C=C-C=C) 1650 (CON); 1720 (C=O), 2200 

(CN), 1H NMR spectrum, δ, ppm (J, Hz): 1.25-1.43m 

(1H), 1.55-1.98m (13H, 7CH2), 2.10s (3H, CH3), 3.66-

3.89m (3H, OCH, OCH2), 4.15ddd (1H, J=10.1, 7.0, 

3.0 NHa), 4.28dd (1H, J=13.1, 3.1, NHb), 6.27d (1H, 

J=7.0, 5-CH), 7.95d (1H, J=7.0, 6-CH), 13C NMR spec-

trum,δ, ppm: 12.9, 21.4 (2C), 23.8, 24.9, 28.2, 32.7, 

52.3, 67.0, 75.3, 87.4, 103.2, 105.7, 114.3, 122.0, 

143.93, 149.40, 158.72, 167.31, 170.65. Found, %:  

C 68.41; H 6.63; N 7.55. C21H24N2O4. Calculated, %: 

C 68.46; H 6.57; N 7.60. 

1-cycloheptyl-4-(4-metyl-2-oxo-1-oxospiro 
[4.5]dec-3-en-3-yl)-2-2-oxo-1,2-dihydropyridine-3-

carbonitrile (8d): Yield 78%, mp 213-215 C, pale-

yellow solid, IR spectrum, ν, cm–1: 1500 (C=C-C=C), 

1630 (CON); 1740 (C=O), 2200 (CN), 1H NMR spec-

trum, δ, ppm (J, Hz): 1.25-1.44m (1H), 1.56-1.96m 

(21H, 11CH2), 2.09ss (3H, CH3), 4.83tt (1H, J=10.0, 

4.3, NCH), 6.30d (1H, J=7.0, 6-CH), 8.00d (1H, J=7.0, 

6-CH), 13C NMR spectrum,δ, ppm: 12.9, 21.3 (2C), 

23.8, 24.4 (2C), 26.5 (2C), 32.6 (2C), 33.7 (2C), 57.1, 

87.3, 103.2, 106.5, 114.4, 121.9, 139.7, 148.3, 158.0, 

167.3, 170.6. Found, %: C 72.50; H 7.45; N 7.40. 

C23H28N2O3. Calculated, %: C 72.60; H 7.42; N 7.36. 

1-(3-(1H-imidazole-1-yl)propyl)-4-(4-metyl-

2-oxo-1-oxospiro[4.5]dec-3-en-3-yl)-2-2-oxo-1,2-di-

hydropyridine-3-carbonitrile (8e): Yield 75%, mp 

237-239 C, pale-yellow solid, IR spectrum, ν, cm–1: 

1500 (C=C-C=C), 1630 (CON); 1740 (C=O), 2200 

(CN), 1H NMR spectrum, δ, ppm (J, Hz): 1.34-1.52m 

(1H), 1.60-1.88m (9H, 5CH2), 2.20p (2H, J=7.0, CH2-

CH2-CH2), 3.96t (2H, J=7.0, CH2-CH2-CH2), 4.05t 

(2H, J=7.0, CH2-CH2-CH2), 6.44 s (1H, CHAr), 

6.84(1H,    ), 7.06s (1H,   ), 7.38d (1H, J=7.4), 7.43d 

(1H, J=7.4, 2CHAr), 7.53s (1H, ), 6.6-9.6br (2H, NH2), 
13C NMR spectrum,δ, ppm: 21.7 (2C), 24.2, 30.1, 35.6 

(2C), 43.4, 45.5, 82.9, 100.7, 102.5, 109.0, 118.3, 

128.3, 135.2, 136.5, 138.5, 156.5, 160.2, 162.7, 168.0. 

Found, %: C 67.38; H 6.20; N 14.35. C22H24N4O3. Cal-

culated, %: C 67.33; H 6.16; N 14.28. 

1-(2-(1H-Indo-3-yl)ethyl)-4-(4-methyl-2-

oxo-1-oxospiro[4.5]dec-3-en-3-yl)-2-oxo-1,2-dihy-

dropyridine-3-carbonitrile (8f): Yield 71%, mp 230-

232 C, pale-yellow solid, IR spectrum, ν, cm–1: 1500 

(C=C-C=C); 1675, 1720 (C=O); 2200 (CN); 3100, 1H 
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NMR spectrum, δ, ppm (J, Hz): 1.27-1.41m (1H), 

1.54-1.92 (9H, 5CH2), 2.06s (3H,CH3), 3.17t (2H, 

J=7.1), 4.25t (2H, J=7.1, NCH2), 6.10d (1H, J=7.0, 5-

CH), 6.92-7.04m (2H, 5, 6-CH), 7.05s (1H, 2CH), 

7.29-7.33brd (1H, J=7.9) and 7.51-7.56brd (1H, J=7.9, 

4.7-CH), 7.62d (1H, J=7.0, 6-CH), 7.99s (1H, NH), 13C 

NMR spectrum,δ, ppm: 12.75, 21.39 (2C), 23.85, 

24.01, 32.7 (2C), 50.56, 87.38, 103.38, 105.66, 109.39, 

111.12, 114.40, 117.63, 118.10, 120.59, 122.10, 

122.82, 126.71, 136.10, 143.14, 149.20, 158.67, 

167.35, 170.57. Found, %: C 73.15; H 5.95; N 9.85. 

C26H25N3O3. Calculated, %: C 73.05; H 5.89; N 9.83. 

1-(Cyclohex-1-en-1-ylmethyl)-4-(4-metyl-2-

oxo-1-oxospiro[4.5]dec-3-en-3-yl)-2- oxo-1,2-dihy-

dropyridine-3-carbonitrile (8g): Yield 87%, mp 210-

212 C, pale-yellow solid, IR spectrum, ν, cm–1: 1500 

(C=C-C=C), 1630 (CON); 1730 (C=O), 2200 (CN), 1H 

NMR spectrum, δ, ppm (J, Hz): 1.25-1.42m (1H), 

1.49-2.06m (7H, 10CH2), 2.08s (3H, CH3), 2.32t (2H, 

J=7.2, CH2), 4.04t (2H, J=7.2, NCH2), 5.36brs (1H, 

CH=), 6.25d (1H, J=7.0, 5-CH), 7.94d (1H, J=7.0, 6-

CH), 13C NMR spectrum,δ, ppm: 12.81, 21.36 (2C), 

21.57, 22.18, 23.83, 24.60, 27.49, 32.68(2C), 36.33, 

47.87, 87.33, 102.65, 103.37, 105.72, 114.28, 122.06, 

123.63, 132.92, 143.06, 149.06. Found, %: C 73.05; H 

6.90; N 7.45. C23H26N2O3. Calculated, %: C 72.99; H 

6.92; N 7.40. 

4-(4-metyl-2-oxo-1-oxospiro[4.5]dec-3-en-

3-yl)-1-(3-morpholinopropyl)-2-oxo-1,2-dihydro-

pyridine-3-carbonitrile (8h): Yield 90%, mp 235-

237 C, pale-yellow solid, IR spectrum, ν, cm–1: 1500 

(C=C-C=C), 1630 (CON); 1740 (C=O), 2200 (CN), 1H 

NMR spectrum, δ, ppm (J, Hz): 1.25-1.44m (1H), 

1.56-1.65m (2H), 1.70-1.96m (9H, 6CH2), 2.10s (3H, 

CH3), 2.33-2.40m (6H, 3NCH2), 3.54-3.59m (4H, 

2CH2O), 4.04t (2H, J=7.0, NCH2), 6.27d (1H, J=7.0, 5-

CH), 8.05d (1H, J=7.0, 6-CH), 13C NMR spectrum,δ, 

ppm: 12.84, 21.37 (2C), 23.83, 24.21, 32.67(2C), 

48.14, 52.81 (2C), 54.67, 65.88(2C), 87.36, 103.44, 

105.85, 114.32, 122.03, 143.46, 149.16, 158.69, 

167.34, 170.56. Found, %: C 67.19; H 7.05; N 10.16. 

C23H29N3O4. Calculated, %: C 67.13; H 7.10; N 10.21. 

4-(4-metyl-2-oxo-1-oxospiro[4.5]dec-3-en-

3-yl)-2-oxo-1- (3- (pyrolidine-1-yl) propyl)-2-2-oxo-

1,2-dihydropyridine-3-carbonitrile (8i): Yield 68%, 

mp 208-210 C, pale-yellow solid, IR spectrum, ν, cm–1: 

1500 (C=C-C=C), 1630 (CON); 1740 (C=O), 2200 

(CN), 1H NMR spectrum, δ, ppm (J, Hz): 1.27-1.43m 

(1H), 1.54-1.65m (2H), 1.71-1.93m (13H, 8CH2), 

2.10s (3H, CH3), 2.42-2.48m (6H, 3NCH2), 4.04t (2H, 

J=7.0, NCH2), 6.26d (1H, J=7.0, 5-CH), 8.00d (1H, 

J=7.0, 6-CH), 13C NMR spectrum,δ, ppm: 21.7 (2C), 

24.2, 30.1, 35.6 (2C), 12.85, 21.37 (2C), 22.96 (2C), 

23.83, 26.70, 32.68(2C), 48.10, 51.90, 53.04 (2C), 

87.34, 103.46, 105.81, 114.32, 122.03, 143.35, 149.14, 

158.63, 167.32, 170.56. Found, %: C 69.91; H 7.45;  

N 10.57. C23H29N3O3. Calculated, %: C 69.85; H 7.39; 

N 10.62. 

1-(furan-2-ylmethyl)-4-(4-metyl-2-oxo-1-oxo-

spiro[4.5]dec-3-en-3-yl)-2-2-oxo-1,2-dihydropyridi-

ne-3-carbonitrile (8j): Yield 81%, mp 241-243 C, 

pale-yellow solid, IR spectrum, ν, cm–1: 1500 (C=C-

C=C), 1630 (CON); 1740 (C=O), 2200 (CN), 1H NMR 

spectrum, δ, ppm (J, Hz): 1.25-1.42m (1H)and, 1.55-

1.64m (2H)and, 1.69-1.92m (7H, 5CH2), 2.09s (3H, 

CH3), 5.20s (2H, CH2), 6.32d (1H, J=7.0, 5-CH), 

6.37dd (1H, J=3.0, 1.8, 4-CH), 6.50d (1H, J=3.0, 5-

CH), 7.48d (1H, J=1.6, 3-CH), 8.05d (1H, J=7.0, 6-

CH), 13C NMR spectrum,δ, ppm: 12.9, 21.3 (2C), 

23.81, 32.6 (2C), 44.4, 87.45, 103.8, 106.4, 109.9, 

110.2, 114.1, 121.9, 142.4, 142.6, 147.9, 149.6, 158.2, 

167.3, 170.9. Found, %: C 69.18; H 5.59; N 7.74. 

C21H20N2O4. Calculated, %: C 69.22; H 5.53; N 7.69. 

4-(4-methyl-2-oxo-1-oxospiro[4.5]dec-3-en-

3-yl)-2-oxo-1-(thiophen-2-yl,methyl)-1,2-dihydro-

pyridine-3-carbonitrile (8k): Yield 79%, mp 218-

220 C, pale-yellow solid, IR spectrum, ν, cm–1: 1550 

(C=C-C=C), 1690, 1720 (C=O), 2200(CN), 1H NMR 

spectrum, δ, ppm (J, Hz): 1.24-1.42m (1H), 1.52-

1.60m (2H), 1.63-1.93m (7H), 2.07s (3H, 4-CH3), 

5.36s (2H, CH2N), 6.34d (1H, J=7.0, 5-CH), 6.97dd 

(1H, J=5.1, 3.5, 4-CH), 7.24dd (1H, J=3.5, 0.9, 5-CH), 

7.37dd (1H, J=5.1, 0.9, 3-CH), 8.24d (1H, J=7.0, 6-

CH), 13C NMR spectrum,δ, ppm: 12.8, 21.4 (2C), 23.7, 

32.6 (2C), 46.5, 87.6, 103.5, 106.7, 114.2, 121.9, 

126.3, 126.5, 128.0, 136.9, 142.7, 149.7, 158.4, 167.4, 

171.1. Found, %: C 66.40; H 5.35; N 7.40. 

C21H20N2O3S. Calculated, %: C 66.30; H 5.30; N 7.36. 

4-(4-methyl-2-oxo-1-oxospiro[4.5]dec-3-en-

3-yl)-2-oxo-1-(pyridine-3-ylmethyl)-1,2-dihydro-

pyridine-3-carbonitrile (8m): Yield 83%, mp 224-

226 C, pale-yellow solid, IR spectrum, ν, cm–1: 1550 

(C=C-C=C), 1650; 1700 (C=O), 2200 (CN), 1H NMR 

spectrum, δ, ppm (J, Hz): 1.26-1.43m (1H), 1.50-

1.94m (9H, 5CH2), 2.08s (3H, CH3), 5.22s(2H, NCH2), 

8.37d (1H, J=7.0, 5-CH), 7.34dd (1H, J=7.8, 4.8, 5-

CH), 7.81dt (1H, J=7.8, 1.7, 4І-CH), 8.34d (1H, J=7.0, 

6-CH), 8.49dd (1H, J=4.8, 1.7, 6I-CH), 8.65d (1H, 

J=1.7, 2I-CH), 13C NMR spectrum,δ, ppm: 12.83, 

21.39 (2C), 23.74, 32.56 (2C), 49.85, 87.68, 103.74, 

106.83, 114.29, 121.85, 123.15, 131.17, 135.81, 

143.28, 148.78, 149.44, 149.82, 158.79, 167.45, 

171.27. Found, %: C 70.42; H 5.60; N 11.22. 

C22H21N3O3. Calculated, %: C 70.38; H 5.64; N 11.19. 
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1-(2-(dimethylamino)ethyl)-4-(4-metyl-2-

oxo-1-oxospiro[4.5]dec-3-en-3-yl)-2-2-oxo-1,2-di-

hydropyridine-3-carbonitrile (8n): Yield 72%, mp 

221-223 C, pale-yellow solid, IR spectrum, ν, cm–1: 

1500 (C=C-C=C), 1630 (CON); 1740 (C=O), 2200 

(CN), 1H NMR spectrum, δ, ppm (J, Hz): 1.28-1.42m 

(1H), 1.56-1.64m (2H), 1.70-1.92m (7H), 2.10s (3H, 4-

CH3), 2.26s (6H, 2CH3N), 2.59t (2H, J=6.0, N-CH2), 

4.06t (2H, J=6.0, NCH2), 6.25d (1H, J=6.9, 5-CH), 

7.97d (1H, J=6.9, 6-CH), 13C NMR spectrum,δ, ppm: 

12.9, 21.4 (2C), 23.8, 32.7 (2C), 44.9 (2C), 46.6, 56.8, 

87.3, 103.21, 105.6, 114.3, 122.0, 143.6, 149.1, 158.6, 

167.3, 170.6. Found, %: C 67.65; H 7.15; N 11.87. 

C20H25N3O3. Calculated, %: C 67.58; H 7.09; N 11.82. 

1-cyclohexyl-4-(5,5-dimethyl-2-oxo-4-phenyl-

2,5-dihydrofuran-3-yl)-2-oxo-1,2-dihydropyridine-3-

carbonitrile (9a): Yield 82%, mp 223-225 C, pale-yel-

low solid, IR spectrum, ν, cm–1: 1500 (C=C-C=C), 

1630 (CON); 1740 (C=O), 2200 (CN), 1H NMR spec-

trum, δ, ppm (J, Hz): 1.20-1.33 (1H, m, C6H11), 1.40-

1,79 (5H, m, C6H11), 1.67 (6H, 2xCH3), 1.82-1.95 (4H, 

m, C6H11), 4.62 (1H, tt, J1=11.6, J2=3.2, NCH), 6.34 

(1H, d, J=7.0,=CH), 7.27-7.33 (2H, m, C6H5), 7.40-

7.46 (3H, m, C6H5), 7.97 (1H, d, J=7.0, N=CH), 13C 

NMR spectrum,δ, ppm: 24.5, 24.7(2C), 25.1(2C), 

31.2(2C), 55.0, 86.4, 103.3, 106.5, 114.2, 123.4, 

127.2(2C), 128.4(2C), 129.6, 130.0, 139.6, 148.8, 

158.1, 166.9, 170.2. Found, %: C 74.28; H 6.30;  

N 7.26. C24H24N2O3. Calculated, %: C 74.21; H 6.23; 

N 7.21. 

4-(5,5-dimethyl-2-oxo-4-phenyl-2,5-dihy-

drofuran-3-yl)-2-oxo-1-(2,2,6,6-tetramethylpiperi-

dine-4-yl)-1,2-dihydropyridine-3-carbonitrile (9b): 

Yield 77%, mp 236-238 C, pale-yellow solid, IR spec-

trum, ν, cm–1: 1500 (C=C-C=C), 1630 (CON); 1730 

(C=O), 2200 (CN), 3421 (NH), 1H NMR spectrum, δ, 

ppm (J, Hz): 0.7-2.0 br (1H, NH), 1.12s (6H, 2CH3), 

1.25s (6H, 2CH3), 1.43t (2H, J=12.2, CH2), 1.67s (6H, 

2CH2), 1.63-1.74m (2H, CH2), 5.17tt (1H, J=12.4, 3.0, 

N-CH), 6.36d (1H, J=7.0, 5-CHAr), 7.27-7.33m (2H, 

Ph), 7.41-7.47m (3H, Ph), 7.95d (1H, J=7.0, 6-CHAr), 
13C NMR spectrum,δ, ppm: 24.7 (2C), 28.0 (2C), 34.1 

(2C), 42.6 (2C), 49.0, 51.0, 86.4, 103.2, 106.6, 114.1, 

123.3, 127.1 (2C), 128.4 (2C), 129.5, 129.9, 139.6, 

148.8, 158.2, 166.9, 170.1. Found, %: C 72.85; H 6.97; 

N 9.40. C27H31N3O3. Calculated, %: C 72.78; H 7.01; 

N 9.43. 

1-(2-(1H-indole-3-yl)ethyl)-4-(5,5-dimethyl-

2-oxo-4-phenyl-2,5-dihydrofuran-3-yl)-2-oxo-1,2-

dihydropyridine-3-carbonitrile (9f): Yield 81%, mp 

239-241 C, pale-yellow solid, IR spectrum, ν, cm–1: 

1550 (C=C-C=C), 1675 (CON); 1720 (C=O), 2200 

(CN), 1H NMR spectrum, δ, ppm (J, Hz): 1.14-1.28m 

(1H), 1.71-1.90m (9H, 5CH2), 5.14s (2H, NCH2), 

6.32d (1H, J=6.9, 5-CH), 7.22-7.26m (2H, Ph), 

7.39ddd (1H, J=7.8, 4.7, 0.7, 5-CH), 7.39-7.43m (3H, 

Ph), 7.74ddd (1H, J=7.8, 2.3, 1.7, 4-CH), 8.20d (1H, 

J=6.9, 6-CH), 8.46dd (1H, J=4.7, 1.7, 6-CH), 8.59dd 

(1H, J=2.3, 0.7, 2-CH), 13C NMR spectrum,δ, ppm: 

21.4 (2C), 23.7, 32.8 (2C), 49.8, 88.1, 104.0, 106.8, 

113.86, 123.0, 124.1, 127.1 (2C), 128.3 (2C), 129.3, 

130.1, 130.9, 135.7, 143.0, 148.7, 149.3, 150.0, 158.3, 

166.8, 170.7. Found, %: C 74.75; H 5.11; N 9.29. 

C28H23N3O3. Calculated, %: C 74.82; H 5.16; N 9.35. 

1-(cyclohex-1-en-1-ylmethyl)-4-(5,5-dime-

thyl-2-oxo-4-phenyl-2,5-dihydrofuran-3-yl)-2-oxo-

1,2-dihydropyridine-3-carbonitrile (9g): Yield 68%, 

mp 218-220 C, pale-yellow solid, IR spectrum, ν, cm–1: 

1550 (C=C-C=C), 1680 (CON); 1740 (C=O), 2200 

(CN), 1H NMR spectrum, δ, ppm (J, Hz): 1.43-1.64m 

(4H, 2CH2), 1.67s (6H, 2CH2), 1.82-1.98m (4H, 

2CH2), 2.25t (2H, J=6.9, CH2), 3.98t (2H, J=6.9, N-

CH2), 5.16-5.21m (1H, CH=), 7.26-7.32m (2H, Ph), 

7.38-7.44m (3H, Ph), 7.85d (1H, J=6.9, 6-CH), 13C 

NMR spectrum,δ, ppm: 21.5, 22.1, 24.6, 24.7 (2C), 

27.4, 36.1, 47.8, 86.3, 103.4, 106.7, 114.0, 123.5, 

123.8, 127.1 (2C), 128.3 (2C), 129.5, 129.9, 132.7, 

143.4, 149.5, 158.2, 166.8, 169.9. Found, %: C 74.92; 

H 6.10; N 6.95. C25H24N2O3. Calculated, %: C 74.98; 

H 6.04; N 7.00. 

4-(5,5-dimethyl-2-oxo-4-phenyl-2,5-dihy-

drofuran-3-yl))-1-(2-hydroxyethyl)-2-oxo-1,2-dihy-

dropyridine-3-carbonitrile (9l): Yield 68%, mp 242-

244 C, pale-yellow solid, IR spectrum, ν, cm–1: 1530 

(C=C-C=C), 1675 (CON), 1730 (C=O), 2200 (CN), 

3200-3400(OH), 1H NMR spectrum, δ, ppm (J, Hz): 

1.67s (6H, 2CH2), 3.67dd (2H, J=10.3, 5.2, OCH2), 

3.95-4.01m (2H, N-CH2), 4.79t (1H, J=5.5, OH), 6.28d 

(1H, J=6.9, 5-CH), 7.29-7.33m (2H, Ph), 7.41-7.46m 

(3H, Ph), 7.89d (1H, J=6.9, 6-CH), 13C NMR spec-

trum,δ, ppm: 24.7 (2C), 52.2, 57.7, 86.4, 103.2, 106.7, 

114.2, 123.5, 127.2 (2C), 128.5 (2C), 129.5, 129.9, 

144.6, 149.7, 158.5, 166.9, 169.9. Found, %: C 68.51; 

H 5.14; N 7.93. C20H18N2O4. Calculated, %: C 68.56; 

H 5.18; N 8.00. 

4-(5,5-dimethyl-2-oxo-4-phenyl-2,5-dihy-

drofuran-3-yl)-2-oxo-1-(pyridine-3-ylmethyl)-1,2-

dihydropyridine-3-carbonitrile (9m): Yield 71%, 

mp 238-240 C, pale-yellow solid, IR spectrum, ν, cm–1: 

1500 (C=C-C=C), 1630 (CON), 1690, 1740 (C=O), 

2200 (CN), 1H NMR spectrum, δ, ppm (J, Hz): 1.66s 

(6H, 2CH2), 5.16s (2H, NCH2), 6.37d (1H, J=7.0, 5-

CH), 7.26-7.33m (3H, Ph+3CH), 7.40-7.45m (3H, Ph), 

7.75dt (1H, J=7.9, 1.9, 4-CHPy), 8.24d (1H, J=7.0, 6-

CH), 8.47dd (1H, J=4.8, 1.9, 6-CHPy), 8.60d (1H, 

J=1.9, 2-CHPy), 13C NMR spectrum,δ, ppm: 24.7 (2C), 
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49.8, 86.4, 103.9, 106.8, 113.8, 123.0, 123.2, 127.2 

(2C), 128.5 (2C), 129.7, 129.8, 131.0, 135.7, 143.3, 

148.7, 149.3, 150.1, 158.4, 166.7, 170.3. Found, %: C 

72.58; H 4.79; N 10.52. C24H19N3O3. Calculated, %: C 

72.53; H 4.82; N 10.57. 

1-cyclohexyl-2-oxo-4-(2-oxo-4-phenyl-1-ox-

ospiro[4.5]dec-3-en-3-yl)-1,2-dihydropyridine-3-

carbonitrile (10a): Yield  87%, mp 222-224 C, pale-

yellow solid, IR spectrum, ν, cm–1: 1500 (C=C-C=C), 

1650 (CON); 1700 (C=O), 2200 (CN), 1H NMR spec-

trum, δ, ppm (J, Hz): 1.13-1.33m (2H), 1.39-1.65m 

(4H), 1.68-1.93m (14H, 10CH2), 4.60tt (1H, J=11.8, 

3.3, NCH), 6.29d (1H, J=7.1, 5-CH), 7.20-7.28m (2H) 

and 7.37-7.45m (3H, Ph), 7.93d (1H, J=7.1, 6-CH), 13C 

NMR spectrum,δ, ppm: 21.42 (2C), 23.7, 24.5, 25.1 

(2C), 31.1 (2C), 32.8 (2C), 54.9, 85.0, 103.4, 106.5, 

114.2, 124.2, 127.0 (2C), 128.2 (2C), 129.1, 130.2, 

139.3, 148.7 158.0, 166.9, 170.5. Found, %: C 75.74; 

H 7.04; N 6.50. C27H28N2O3. Calculated, %: C 75.68; 

H 6.59; N 6.54. 

2-oxo-4-(2-oxo-4-phenyl-1-oxospiro[4.5]dec-

3-en-3-yl)-1-(2,2,6,6-tetramethylpiperidine-4-yl)-1,2-

dihydropyridine-3-carbonitrile (10b): Yield 85%, mp 

246-248 C, pale-yellow solid, IR spectrum, ν, cm–1: 

1550 (C=C-C=C), 1630 (CON); 1700 (C=O), 2200 

(CN), 3350 (NH), 1H NMR spectrum, δ, ppm (J, Hz): 

0.83-1.50br (1H, NH), 1.11s (6H, 2CH3), 1.11-1.34m 

(1H), 1.24s (6H, 2CH3), 1.35-1.47m (2H, CH2), 1.70dd 

(2H, J=12.0, 3.0, CH2), 1.72-1.90m (9H, 5CH2), 5.15tt 

(1H, J=12.0, 3.0, NCH), 6.31d (1H, J=7.0, 5-CH), 

7.22-7.27m (2H) and 7.39-7.45m (3H, Ph), 7.90d (1H, 

J=7.0, 6-CH), 13C NMR spectrum,δ, ppm: 21.5 (2C), 

23.8, 28.0 (2C), 32.8 (2C), 34.1 (2C), 42.7 (2C), 49.0, 

50.9 (2C), 88.1, 103.35, 106.7, 114.2, 124.2, 127.1 

(2C), 128.3 (2C), 129.3, 130.2, 139.4, 148.7, 158.2, 

167.0. Found, %: C 74.25; H 7.31; N 8.70. C30H35N3O3. 

Calculated, %: C 74.20; H 7.26; N 8.65. 

1-(3-(1H-imidazole-1-yl)propyl)-2-oxo-4-(2-

oxo-4-phenyl-1-oxospiro[4.5]dec-3-en-3-yl)-1,2-di-

hydropyridine-3-carbonitrile (10e): Yield 69%, mp 

208-210 C, pale-yellow solid, IR spectrum, ν, cm–1: 

1530 (HetAr), 1550 (C=C-C=C), 1650 (CON); 1730 

(C=O), 2200 (CN), 1H NMR spectrum, δ, ppm (J, Hz): 

1.14-1.30m (1H), 1.73-1.90m (9H, 5CH2), 2,10-2.23m 

(2H, CH2), 3.88-3.97m (2H, N-CH2), 4.03t (2H, J=7.1, 

NCH2), 6.26d (1H, J=6.9, 5-CH), 6.79-6.80m (1H, 

J=1,0), 7.01-7.02t (1H, J=1.2), 7.22-7.27m (2H) and 

7.39-7.44m (3H, Ph), 7.48-7.49m (1H, imidaz), 7.91d 

(1H, J=6.9, 6-CH), 13C NMR spectrum,δ, ppm: 21.5 

(2C), 23.7, 29.7, 32.8 (2C), 43.3, 47.1, 88.1, 103.6, 

106.6, 114.1, 118.4, 124. 2, 127.1 (2C), 128.2, 128.3 

(2C), 129.3, 130.1, 130.6, 143.3, 149.8, 158.4, 167.0, 

170.7. Found, %: C 71.40; H 5.80; N 12.30. 

C27H26N4O3. Calculated, %: C 71.35; H 5.77; N 12.33. 

1-(2-(1H-indole-3-yl)ethyl)-2-oxo-4-(2-oxo-4-

phenyl-1-oxospiro[4.5]dec-3-en-3-yl)-1,2-dihydro-

pyridine-3-carbonitrile (10f): Yield 81%, mp 241-

243 C, pale-yellow solid, IR spectrum, ν, cm–1: 1500 

(C=C-C=C), 1630 (CON); 1740 (C=O), 2200 (CN), 

3100 (NH), 1H NMR spectrum, δ, ppm (J, Hz): 1.12-

1.30m (1H), 1.71-1.91m (9H, 5CH2), 3.10t (2H, J=7.0, 

CH2), 4.17t (2H, J=7.0, CH2N), 6.08d (1H, J=6.8, 5-

CH), 6.90d (1H, J=2.4, 2-CH(indol)), 6.94ddd (1H, 

J=8.1, 7.0, 1.2 indol), 7.03ddd (1H, J=8.1, 7.0, 1.2 in-

dol), 7.20-7.25m (2H, Ph), 7.32dt(1H, J=8.1, 1.2 in-

dol), 7.41-7.46m (3H, Ph), 7.50d (1H, J=6.8, 6-CH), 

7.49-7.53m (1H, indol), 10.62s (1H, NH), 13C NMR 

spectrum,δ, ppm: 21.5 (2H), 23.8, 24.0, 32.8(2C), 50.4, 

88.00, 103.5, 105.8, 109.2, 111.1, 114.2, 117.6, 118.1, 

120.6, 122.8, 124.3, 126.5, 127.1 (2C), 128.3 (2C), 

129.2, 130.2, 136.1, 143.1, 149.5, 158.3, 166.9, 170.5. 

Found, %: C 76.10; H 5.60; N 8.63. C31H27N3O3. Cal-

culated, %: C 76.05; H 5.56; N 8.58. 

1-(cyclohex-1-en-1-ylmethyl)-2-oxo-4-(2-

oxo-4-phenyl-1-oxospiro[4.5]dec-3-en-3-yl)-1,2-di-

hydropyridine-3-carbonitrile (10g): Yield 73%, mp 

193-195 C, pale-yellow solid, IR spectrum, ν, cm–1: 

1550 (C=C-C=C), 1650 (CON); 1730 (C=O), 2200 

(CN), 1H NMR spectrum, δ, ppm (J, Hz): 1.13-1.31m 

(1H), 1.43-1.62m (4H, 2CH2), 1.74-1.97m (13H, 

2CH2+5CH2), 2.24t (2H, J=6.9, CH2C), 3.96t (2H, 

J=6.9, NCH2), 5.17br (1H, CH=), 6.21d (1H, J=6.9, 5-

CH), 7.20-7.26m (2H) and 7.37-7.43m (3H, Ph), 7.80d 

(1H, J=6.9, 6-CH, 13C NMR spectrum,δ, ppm: 21.4 

(2C), 21.5, 22.1, 23.7, 24.5, 27.4, 32.8 (2C), 36.0, 47.8, 

88.0, 103.3, 105.8, 114.2, 123.8, 124.3, 127.0 (2C), 

128.2 (2C), 129.2, 130.1, 132.7, 143.4, 143.4, 149.5, 

158.2, 166.9, 170.5. Found, %: C 76.40; H 6.47;  

N 6.40. C28H28N2O3. Calculated, %: C 76.34; H 6.41; 

N 6.36. 

1-(3-morphlinepropyl)-2-oxo-4-(2-oxo-4-

phenyl-1-oxospiro[4.5]dec-3-en-3-yl)-1,2-dihydro-

pyridine-3-carbonitrile (10h): Yield 69%, mp 187-

189 C, pale-yellow solid, IR spectrum, ν, cm–1: 1200-

1300 (C-O-C), 1530 (C=C-C=C), 1650 (CON); 1720 

(C=O), 2200 (CN), 1H NMR spectrum, δ, ppm (J, Hz): 

1.12-1.30m (1H), 1.73-1.90m (11H, CH2+5CH2), 2.24-

2.33m (6H, 3NCH2), 3.46-3.52m (4H, 2CH2O), 3.96t 

(2H, J=7.0, N-CH2), 6.22d (1H, J=6.9, 5-CH), 7.20-

7.27m (2H) and 7.38-7.45m (3H, Ph), 7.94d (1H, 

J=6.9, 6-CH), 13C NMR spectrum,δ, ppm: 21.5 (2C), 

23.7, 23.8, 32,8 (2C), 48.2, 52.6, 54.6, 65.7, 88.1, 

103.3, 106.1, 114.2, 124.3, 127.0 (2C), 128.3 (2C), 

129.2, 130.1, 143.9, 149.6, 158.4, 167.0, 170.6. Found, 

%: C 70,98; H 6.62; N 8.84. C28H31N3O4. Calculated, 

%: C 71.02; H 6.60; N 8.87. 
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2-oxo-4-(2-oxo-4-phenyl-1-oxospiro[4.5]dec-

3-en-3-yl))-1-(3-(pyrolidine-1-yl)propyl)-1,2-dihydro-

pyridine-3-carbonitrile (10i): Yield 73%, mp 214-216 

C, pale-yellow solid, IR spectrum, ν, cm–1: 1500 

(C=C-C=C), 1630 (CON); 1740 (C=O), 2200 (CN), 1H 

NMR spectrum, δ, ppm (J, Hz): 1.13-1.29m (1H), 

1.67-1.73m (4H, 2CH2), 2.46-2.51m (4H, 2N-CH2), 

2.70t (2H, J=6.2, NCH2), 3.98t (2H, J=6.2, NCH2), 

6.22d (1H, J=6.9, 5CH), 7.20-7.28m (2H) and 7.36-

7.45m (3H, Ph), 7.87d (1H, J=6.9, 6CH), 13C NMR 

spectrum,δ, ppm: 21.5, 23.1(2C), 23.8, 32.9(2C), 48.1, 

53.2(2C), 53.44(2C), 88.0, 103.4, 105.8, 114.1, 124.3, 

127.1(2C), 128.2(2C), 129.2, 130.2, 143.6, 149.5, 

158.2, 166.9, 170.6. Found, %: C 73.50; H 6.83;  

N 9.18. C28H31N3O3. Calculated, %: C 73.50; H 6.83; 

N 9.18. 

1-(2-hydroxyethyl)-2-oxo-4-(2-oxo-4-phenyl-

1-oxospiro[4.5]dec-3-en-3-yl)-1,2-dihydropyridine-3-

carbonitrile (10l): Yield 62%, mp 235-237 C, pale-

yellow solid, IR spectrum, ν, cm-1: 1530 (C=C-C=C), 

1640 (CON), 1750 (C=O), 2200 (CN), 3300 (OH), 1H 

NMR spectrum, δ, ppm (J, Hz): 1.13-1.30m (1H), 

1.72-1.93m (9H, 5CH2), 3.61-3.69m (2H, CH2O), 

3.92-4.00m (2H, CH2N), 4.78t (1H, J=5.1, OH), 6.23d 

(1H, J=6.9, 5-CH), 7.23-7.29m (2H), 7.39-7.45m (3H, 

Ph), 7.85d (1H, J=6.9, 6-CH), 13C NMR spectrum,δ, 

ppm: 21.5 (2C), 23.7, 32.8 (2C), 52.1, 57.8, 88.2, 

103.2, 105.9, 114.4, 124.4, 127.1 (2C), 128.4 (2C), 

129.3, 130.1, 144.7, 149.8, 158.6, 167.2, 170.6. Found, 

%: C 70.71; H 6.00; N 7.13. C23H22N2O4. Calculated, 

%: C 70.75; H 5.68; N 7.18. 

2-oxo-4-(2-oxo-4-phenyl-1-oxospiro[4.5]dec-

3-en-3-yl)-1-(pyridine-3-ylmethyl)-1,2-dihydropyridi-

ne-3-carbonitrile (10m): Yield 87%, mp 229-231 C, 

pale-yellow solid, IR spectrum, ν, cm–1: 1550 (C=C-

C=C), 1620 (CON); 1730 (C=O), 2200 (CN), 1H NMR 

spectrum, δ, ppm (J, Hz): 1.14-1.28m (1H), 1.71-

1.90m (9H, 5CH2), 5.14s (2H, NCH2), 6.32d (1H, 

J=6.9, 5-CH), 7.22-7.26m (2H, Ph), 7.39ddd (1H, 

J=7.8, 4.7, 0.7, 5-CH), 7.39-7.43m (3H, Ph), 7.74ddd 

(1H, J=7.8, 2.3, 1.7, 4-CH), 8.20d (1H, J=6.9, 6-CH), 

8.46dd (1H, J=4.7, 1.7, 6-CH), 8.59dd (1H, J=2.3, 0.7, 

2-CH), 13C NMR spectrum,δ, ppm: 21.4 (2C), 23.7, 

32.8 (2C), 49.8, 88.1, 104.0, 106.8, 113.86, 123.0, 

124.1, 127.1 (2C), 128.3 (2C), 129.3, 130.1, 130.9, 

135.7, 143.0, 148.7, 149.3, 150.0, 158.3, 166.8, 170.7. 

Found, %: C 74.19; H 5.36; N 9.55. C27H23N3O3. Cal-

culated, %: C 74.13; H 5.30; N 9.60. 

5'-amino-7'-cyclohexyl-1'H-spiro[cyclohexyl-

1,3'-furo[3,4-f]isochinoline]-1',6'(7'H)-dion (11a): 

Yield 69%, mp 181-183 C, yellow solid, IR spectrum, 

ν, cm–1: 1530 (C=C-C=C), 1690 (CON), 1725 (COO), 

3380 (NH2), 1H NMR spectrum, δ, ppm (J, Hz): 1.22-

1.97m (20H, 10CH2), 4.79tt (1H, J=11.6, 3.5, NCH), 

6.42s (1H, CHAr), 7.41s (2H, 2CHAr), 6.71-7.54br (2H, 

NH2), 13C NMR spectrum,δ, ppm: 21.7 (2C), 24.2, 

24.7, 25.4 (2C), 31.4 (2C), 35.6 (2C), 52.5, 82.8, 100.9, 

101.2, 102.4, 109.0, 130.8, 137.9, 156.7, 160.1, 162.1, 

168.0. Found, %: C 72.18; H 7.20; N 7.60. C22H26N2O3. 

Calculated, %: C 72.11; H 7.15; N 7.64. 

5'-amino-7'-(2,2,6,6-tetramethylpiperidine-

4-yl)-spiro[cyclohexyl-1,3'-furo[3,4-f]isochinoline]-

1',6'(7'H)-dion (11b)։  Yield 71%, mp 216-218 C, 
yellow solid, IR spectrum, ν, cm-1: 1585 (C=C), 1645 
(CON), 1725 (COO), 3315 (NH), 3415 (NH2), 1H 
NMR spectrum, δ, ppm (J, Hz): 0.83-0.97br (1H, NH), 
1.14s (6H, 2CH3), 1.30s (6H, 2CH3), 1.35-1.53br (1H, 
5CH2), 1.39-1.49m (2H, CH2), 1,66dd (2H, J=12.0, 
3.1, CH2), 1.70-1.87m (9H, 5CH2), 5.37tt (1H, J=12.0, 
3.1, N-CH), 6.42s (1H, CH- Ar), 7.39s (2H, 2CH- Ar), 
9.48-7.52br (2H, NH2), 13C NMR spectrum,δ, ppm: 
21.7 (2C), 24.2, 28.1 (2C), 34.3 (2C), 35.6 (2C), 43.0 
(2C), 50.9 (2C), 82.8, 100.9, 101.2, 102.3, 108.9, 
130.7, 137.8, 156.6, 160.2, 162.2, 168.0. Found, %:  
C 70.95; H 7.90; N 9.87. C25H33N3O3. Calculated, %: 
C 70.89; H 7.85; N 9.92. 

5'-amino-7'-((tetrahydrofuran-2-yl)me-

thyl)-spiro[cyclohexyl-1,3'-furo[3,4-f]isochinoline]-

1',6'(7'H)-dion (11c): Yield 63%, mp 193-195 C, 
yellow solid, IR spectrum, ν, cm-1: 1585 (C=C), 1645 
(CON), 1720 (COO), 3340(NH2), 1H NMR spectrum, 
δ, ppm (J, Hz): 1.34-1.51m (1H), 1.55-2.07m (13H, 
7CH2), 3.67dd (1H, J=4.4, 7.3, CHO), 3.79-3.89m (2H, 
CH2O), 4.07-4.23m (2H, NCH2), 6.42s (1H, CH), 
7.35d (1H, J=7.4, CHAr), 7.39d (1H, J=7.4, CHAr), 6.5-
9.9br (2H, NH2), 13C NMR spectrum,δ, ppm: 21.7 
(2C), 24.2, 25.0, 28.2, 35.6 (2C), 51.0, 67.0, 76.3, 82.8, 
100.4, 100.8, 102.5, 108.9, 136.2, 138.7, 156.6, 160.2, 
162.7, 167.9,  Found, %: C 68.46; H 6.63; N 7.64. 
C21H24N2O4. Calculated, %: C 68.46; H 6.57; N 7.60. 

5'-amino-7'-cycloheptyl-spiro[cyclohexyl-

1,3'-furo[3,4-f]isochinoline]-1',6'(7'H)-dion (11d): 

Yield 71%, mp 231-233 C, yellow solid, IR spectrum, 
ν, cm-1: 1585 (C=C), 1645 (CON), 1725 (COO), 3415 
(NH2), 1H NMR spectrum, δ, ppm (J, Hz): 1.31-1.51m 
(1H), 1.52-1.95m (21H, 11CH2), 4.85-4.99m (1H, N-
CH), 6.41s (1H, CH4), 7.37d (1H, J=7.6, CHAr), 7.41d 
(1H, J=7.6, CHAr), 6.8-9.8br (2H, NH2), 13C NMR 
spectrum,δ, ppm: 21.7 (2C), 24.2, 24.7 (2C), 26.7 (2C), 
33.9 (2C), 35.6 (2C), 54.7, 82.8, 100.9, 101.4, 102.4, 
109.0, 131.3, 137.9, 156.6, 160.1, 161.7, 168.0. Found, 
%: C 72.65; H 7.47; N 7.40. C23H28N2O3. Calculated, 
%: C 72.60; H 7.42; N 7.36. 

7'-(3-(1H-imidazole-1-yl)propyl)-5'-amino-

spiro[cyclohexyl-1,3'-furo[3,4-f]isochinoline]-1',6'(7'H)-

dion (11e): Yield 63%, mp 243-245 C, yellow solid, 
IR spectrum, ν, cm-1: 1530 (C=C), 1680 (C=O), 1720 
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(C=O), 3320 (NH2), 1H NMR spectrum, δ, ppm (J, Hz): 
1.34-1.52m (1H), 1.60-1.88m (9H, 5CH2), 2.20p (2H, 
J=7.0, CH2-CH2-CH2), 3.96t (2H, J=7.0, CH2-CH2-
CH2), 4.05t (2H, J=7.0, CH2-CH2-CH2), 6.44 s (1H, 
CHAr), 6.84(1H,    ), 7.06s (1H,   ), 7.38d (1H, J=7.4), 
7.43d (1H, J=7.4, 2CHAr), 7.53s (1H, ), 6.6-9.6br (2H, 
NH2), 13C NMR spectrum,δ, ppm: 21.7 (2C), 24.2, 
30.1, 35.6 (2C), 43.4, 45.5, 82.9, 100.7, 102.5, 109.0, 
118.3, 128.3, 135.2, 136.5, 138.5, 156.5, 160.2, 162.7, 
168.0. Found, %: C 67.33; H 6.16; N 14.28. 
C22H24N4O3. Calculated, %: C 67.33; H 6.16; N 14.28. 

7'-(2-(1H-indole-3-yl)ethyl)-5'-amino-spiro[cy-

clohexyl-1,3'-furo[3,4-f]isochinoline]-1',6'(7'H)-dion 

(11f): Yield  68%, mp 249-251 C, yellow solid, IR 

spectrum, ν, cm–1: 1530 (C=C), 1680 (CON), 1720 

(CO), 3200 (NH) 3320 (NH2), 1H NMR spectrum, δ, 

ppm (J, Hz): 1.32-1.54m (1H), 162.-1.89m (9H, 

5CH2), 3.13t (2H, J=7.3, CH2), 4.19t (2H, J=7.3, 

NCH2), 6.44s (1H, CHAr), 6.93-7.08m (2H, 5|,6|-CH), 

6.99s (1H, 2|-CH), 7.17d (1H, J=7.4) and 7.25d (1H, 

J=7.4, 7|,4|-CH), 7.32d (1H, J=7.8) and 7.62d (1H, 

J=7.8, 2CHAr), 6.6-9.8br (2H, NH2), 10.59s (1H, NH), 
13C NMR spectrum,δ, ppm: 21.7 (2C), 24.2, 24.7, 35.6 

(2C), 49.2, 82.8, 100.7, 100.8, 102.5, 109.1, 110.1, 

111.11, 117.8, 118.0, 120.6, 127.5, 126.7, 135.6, 

138.5, 156.5, 160.1, 162.5, 168.0. Found, %: C 73.11; 

H 5.94; N 9.80. C26H25N3O3. Calculated, %: C 73.05; 

H 5.89; N 9.83. 

5'-amino-7'-(cyclohex-1-en-1-ylmethyl)-spiro 
[cyclohexyl-1,3'-furo[3,4-f]isochinoline]-1',6'(7'H)-

dion (11g): Yield 79%, mp 225-227 C, yellow solid, 

IR spectrum, ν, cm–1: 1585 (C=C), 1680 (CON), 1720 

(COO), 3320 (NH2), 1H NMR spectrum, δ, ppm (J, 

Hz): 1.34-1.49m (1H), 1.48-1.87m (13H, 

5CH2+2CH2), 1.87-2.07m (4H, 2CH2), 2.29t (2H, 

J=7.1, CH2), 3.93-4.00m (2H, NCH2), 5.37bzs (1H, 

CH=), 6.42s (1H, CHAr), 7.30d (1H, J=7.4, CHAr), 

7.35d (1H, J=7.4, CHAr), 6.56-9.72br (2H, NH2), 13C 

NMR spectrum,δ, ppm: 21.7 (2C), 22.3, 24.2, 24.6, 

27.6, 27.6, 35.6 (2C), 36.7, 46.9, 82.8, 100.6, 100.8, 

102.5, 109.1, 123.1, 133.5, 135.2, 138.5, 156.5, 160.1, 

162.4, 168.0. Found, %: C 73.03; H 6.98; N 7.35. 

C23H26N2O3. Calculated, %: C 72.99; H 6.92; N 7.40. 

5'-amino-7'-(3-morpholineո propyl)-spiro 

[cyclohexyl-1,3'-furo[3,4-f]isochinoline]-1',6'(7'H)-

dion (11h): Yield 61%, mp 238-240 C, yellow solid, 

IR spectrum, ν, cm–1: 1100-1200(C-O-C), 1585 (C=C), 

1680 (CON), 1720 (CO), 3330 (NH2), 1H NMR spec-

trum, δ, ppm (J, Hz): 1.33-1.52m (1H), 1.61-1.93m 

(11H, 5CH2+CH2), 2.30-2.40m (6H, 3NCH2), 3.56-

3.62m (4H, 2OCH2), 3.97t(2H, J=6.9, NCH2), 6.42s 

(1H, CHAr), 7.36d (1H, J=7.3, CHAr), 7.42d (1H, J=7.3, 

CHAr), 6.74-9.57 br (2H, NH2), 13C NMR spectrum,δ, 

ppm: 21.7 (2C), 24.2, 24.7, 35.6 (2C), 46.5, 52.8 (2C), 

54.6, 65,9 (2C), 82.8, 100.7, 100.8, 102.5, 109.1, 

135.6, 138.5, 156.5, 160.1, 162.6, 167.9. Found, %: C 

67.18; H 7.16; N 10.25. C23H29N3O4. Calculated, %: C 

67.13; H 7.10; N 10.21. 

5'-amino-7'-(3-(pyrolidine-1-yl)propyl)-spiro 
[cyclohexyl-1,3'-furo[3,4-f]isochinoline]-1',6'(7'H)-

dion (11i): Yield 59%, mp 236-238 C, yellow solid, 

IR spectrum, ν, cm–1: 1550 (C=C), 1670 (CON), 1720 

(COO), 3315 (NH2), 1H NMR spectrum, δ, ppm (J, 

Hz): 1.27-1.43m (1H), 1.54-1.65m (2H), 1.71-1.93m 

(13H, 8CH2), 2.10s (3H, CH3), 2.42-2.48m (6H, 

3NCH2), 4.04t (2H, J=7.0, NCH2), 6.26d (1H, J=7.0, 5-

CH), 8.00d (1H, J=7.0, 6-CH), 13C NMR spectrum,δ, 

ppm: 12.85, 21.37 (2C), 22.96 (2C), 23.83, 26.70, 

32.68(2C), 48.10, 51.90, 53.04 (2C), 87.34, 103.46, 

105.81, 114.32, 122.03, 143.35, 149.14, 158.63, 

167.32, 170.56. Found, %: C 69.90; H 7.44; N 10.65. 

C23H29N3O3. Calculated, %: C 69.85; H 7.39; N 10.62. 
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