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Abstract – 2-Cyano-N-(2,3-dihydro-1H-5-indenyl)-3-(dimethylamino)acrylamide  

(3) was used in synthetic paths to some novel indane-amide containing pyrazole, 

pyrimidine, fused pyrimidines, fused pyridines and 2-pyrone derivatives by 

reaction of 3 with various reagents. The newly synthesized compounds were 

investigated for their antioxidant activity. Some of the tested compounds exposed 

auspicious activities. 

INTRODUCTION 

Neuroprotective activity of aminoindane has a great attention because of its biological activity towards 

Alzheimer's disease or stroke.1 Also, acrylamide are privileged structures, which attracted significant 

attention in the designing of biologically active molecules.2-8 It's investigated and exhibited the various 

biological and pharmaceutical activities like antitumor,9 antimicrobial,10,11 analgesic, and anti-

inflammatory drugs.12 On the other hand, chromene derivatives has a great interest in the field of 

synthetic and medicinal chemistry, and displayed a lot of bioactivity such as bactericides,13-16 

fungicides,17 anti-inflammatory,18,19 anticoagulant,20 anti-HIV therapy,21 dyes,22 and antitumor agents.23 In 

this context, join the fused heterocyclic compound and indane moiety through a carboxamide linkage has 

been investigated. In view of the aforementioned findings, and as a continuation of our effort to identify 

new candidates that may be valuable in designing new, potent, selective, and antioxidant agents,24-32 we 

report herein a facile synthesis of novel fused heterocyclic compounds and the evaluation of their 

antioxidant agents. This combination was considered to study the biological significance to the target 

molecules. Based on the reported antioxidant activities of amides,33,34 we report here synthesis and 
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antioxidant activities of some novel indane-amide with the expectation to develop a novel antioxidant 

compounds.   

RESULTS AND DISCUSSION 

Our starting point is to synthesis 2-cyano-N-(2,3-dihydro-1H-inden-5-yl)-3-(dimethylamino)acrylamide 

(3) as starting compound for the synthesis of novel fused heterocyclic compounds that can possess  

awaited biological activity. So, treatment of 2,3-dihydro-1H-inden-5-amine with pyrazole derivative 1 in 

dioxane afforded the cyanoacetyl derivative 2, which gave the desired acrylamide derivative 3 on its 

reaction with DMF-DMA in dry xylene (Scheme 1). The structures of 2 and 3 were confirmed based on its 

analytical and spectral data. Thus, 1H-NMR spectrum of compound 2 revealed three singlet signals at δ 3.52, 

7.38 and 7.68 ppm attributed to CH2CN, CH-Ar and NH protons, respectively. On the other hand, 1H-NMR 

spectrum of compound 3 revealed four singlet signals at δ 3.21, 3.36, 7.55 and 7.85 ppm owing to two 

methyl, vinylic CH and NH protons, respectively. 
 

 
Scheme 1 

 

Treatment of acrylamide 3 with bidentate nucleophiles such as hydrazine hydrate and guanidine 

hydrochloride afforded the pyrazole and pyrimidine derivatives 4 and 5, respectively (Scheme 2). The 

reaction was proceeded initially by aza-Michael reaction followed by loss of Me2NH molecule and finally 

cycloaddition reaction to give products 4 and 5. 
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The IR spectra of compounds 4 and 5 showed absence of any absorption peaks due to nitrile group, in 

addition 1H-NMR spectra of compounds 4 and 5 devoid two singlet signals of Me2N present in compound 3, 

which authorize that CN and NMe2 groups were involved in the cyclization reaction. Moreover, 1H-NMR 

spectra of compounds 4 and 5 supported their structures by providing a singlet signal (D2O exchangeable) 

at δ 6.57 due to NH2 in compound 4 and two singlet signals (D2O exchangeable) at δ 6.48, 6.86 ppm 

corresponding to two NH2 groups in structure 5. Treatment of compound 3 with heterocyclic amines 6, 8 

and 11 in refluxing acetic acid furnished fused pyrimidine derivatives 7, 10 and 12, respectively (Scheme 3). 

The role of acidic medium of formation of compounds 7, 10 and 12 is protonation of oxygen of carbonyl 

group in compound 3, which increase electrophilic character of double bond towards aza-Michael addition 

of amines. 

Scheme 3 

Reaction of 3 with 3-amino-1,2,4-triazine (8) can occur in two pathways to afford possibly isomeric 

structures 9 and 10. If double bond character in amine 8 present between C3-N4, the formed product will 

compound 9, while if double bond character in amine 8 present between N2-C3, the formed product will 

be compound 10. X-Ray study of compound 835 showed the existence of double bond character between 

N2-C3 in compound 8 that support formation of isomeric structure 10 and not 9. The analytical and 
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spectral data for the compounds 7, 10 and 12 were in covenant with the suggested structures. A detailed 

mechanism of formation of compound 7 was shown in Scheme 4. 

 

 
Scheme 4 

 

On the other hand, when the acrylamide 3 was reacted with 2-benzothiazolylacetonitrile (13a) or 

2-benzoimidazolylacetonitrile (13b) in refluxing glacial ethanoic acid yielded pyrido[2,1-b]benzothiazole 

(16a) and pyrido[1,2-a]benzimidazole (16b) derivatives, respectively (Scheme 5).   
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The reaction of 3 with compounds 13a,b can lead to three possible structures 14a,b, 15a,b or 16a,b. 

Compounds 14a,b and 15a,b could be formed if the geometry of double bond is Z in which NH in suitable 

situation for cycloaddition reaction on CN group in 14a,b or cyclocondensation reaction of NH with 

carbonyl group to form 15a,b. The Z configuration of double in intermediate I or II is not favored due to 

highly steric effect. Formation of 16a,b confirm that configuration of double bond in intermediate II should 

be E configuration. IR spectra of reaction products confirmed structure 16a,b and ruled out structures 14a,b 

and 15a,b by providing two absorption peaks for two amidic carbonyl groups. Also, absence of any singlet 

signal for NH2 in 1H-NMR spectra of reaction products excluded structure 14a,b. In addition, reaction 

product of 3 with 13b displayed two singlet signals (D2O exchangeable) for two NH groups to confirm 

structure 16b and reject structure 15a,b. Interaction of 3 with 1,3-dicarbonyl compounds namely; 

acetylacetone, 1,3-indanedione, barbituric acid and thiobarbituric acid in glacial acetic acid offered the 

2-pyrone derivatives 17, 18 and 20a,b, respectively (Scheme 6). 

 

 
Scheme 6 
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Formation of δ-lactone in structures 17, 18 and 20a,b was supported from their IR spectra, which provided 

stretching frequencies of lactone carbonyl in the region of 1713-1720 cm-1. Moreover, 1H-NMR spectra of 

compounds 17, 18 and 20a,b gave more substantiation of their structures by offering singlet signal in the 

region of δ 8.41-8.64 ppm attributed to C4-H of 2-pyrone ring. The mass spectra of compounds 17, 18 and 

20a,b provided molecular ion peaks coincide with their anticipated structures. Similarly, 

pyrano[2,3-c]pyrazole derivative 22 and coumarin derivative 23 were synthesized by reaction of 3 with 

pyrazolone derivative 21 and resorcinol in refluxing glacial acetic acid, respectively (Scheme 7). 

 

 
Scheme 7 

 

The formation of compounds 22 and 23 was proceeded via similar mechanism of compounds 17, 18 and 

20a,b. Spectroscopic data of compounds 22 and 23 were obtained in covenant with their proposed 

structures.  

ANTIOXIDANT ACTIVITY 

The newly synthesized compounds were evaluated for antioxidant activity by ABTS method36 using 

ascorbic acid as the standard drug. The results described in Table 1 exhibited that compounds 7, 16a and 

23 provided high antioxidant activities compared with the control (ascorbic acid), the antioxidant potency 

otherwise, compounds 4, 5, 12, 17, 18, 20b and 22 disclosed moderate inhibition range of 54.88–78.71%, 

while other compounds displayed low antioxidant activity with percentage inhibition 19.33–42.18%. The 

inhibition ratio (%) was calculated using the following formula: 

% Inhibition = (Acontrol - Atest/Acontrol)  x 100  
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Table 1. Inhibition % values of the antioxidant activity of the tested compounds 

Compound No. Absorbance of samples % Inhibition 

Control of ABTS 0.512 0.0 

Ascorbic acid 0.059 88.47 

4 0.118 76.95 

5 0.109 78.71 

7 0.079 84.57 

10 0.396 22.65 

12 0.187 63.47 

16a 0.081 84.17 

16b 0.296 42.18 

17 0.135 73.63 

18 0.126 75.39 

20a 0.394 23.04 

20b 0.210 58.98 

22 0.231 54.88 

23 0.068 86.71 

% Inhibition = (Acontrol - Atest/Acontrol) x 100 
Acontrol: Absorbance for ascorbic acid 
Atest: Absorbance for the tested samples 
Control: Ascorbic acid 

 

The above data exhibited that the 7-hydroxychromene derivative 23 has the highest antioxidant activity 

which in agreement of reported literatures.37,38 The highly activity of compound 23 is due to easily 

hydrogen transfer from OH towards free radical. The other highly active compounds are 7 and 16a may 

be attributed to comprising benzothiazole moiety.39,40 The mechanism of action of novel synthesized 

compounds as antioxidants on ABTS was showed in Scheme 8. 
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Scheme 8 

  

CONCLUSION 

The objective of the present study was to synthesize and investigate the antioxidant activity of some novel 

heterocycles containing indane-amide moiety with the expectation of ascertaining new structures lead to 

serving as antioxidant activity. The results revealed that compounds 7, 16a and 23 displayed the 

comparable antioxidant activity compared to the activity of ascorbic acid. 

 

EXPERIMENTAL 

Melting points Melting points were measured with a Gallenkamp apparatus are uncorrected. IR spectra 

were recorded KBr discs on a Mattson 5000 FTIR spectrophotometer at Microanalytical Unit, Faculty of 

Science, Mansoura University. The 1H-NMR and 13C-NMR spectra were measured on Bruker WP AC 

500 MHz (125 MHz) in CDCl3 and DMSO-d6 as solvents, using tetramethylsilane (TMS) as an internal 

standard, and chemical shifts are expressed as δ ppm. Mass spectra were determined on Finnigan Incos 

500 (70 eV). Elemental analyses were carried out at the Microanalytical Centre, Faculty of Science, Cairo 

University, Egypt. The results were found to be in good agreement with the calculated values. 

Synthesis of 2-cyano-N-(2,3-dihydro-1H-inden-5-yl)acetamide (2) 

A mixture of 2,3-dihydro-1H-inden-5-amine (1.33 g, 10 mmol) and pyrazole derivative 1 (1.63 g, 10 

mmol) was boiled in dioxane (20 mL) for 4 h, allowed to stand at room temperature. The solid product 

was obtained by filtration, dried and recrystallized from EtOH to afford compound 2 in 95% yield; White 

crystals; mp 150-152 °C (EtOH); IR (KBr): ν/cm-1= 3281 (NH), 2256 (CN), 1672 (C=O); 1H-NMR (500 

MHz, CDCl3) δ (ppm): 2.08 (pentet, 2H, J = 7.5 Hz, CH2), 2.85-2.90 (m, 4H, 2CH2), 3.52 (s, 2H, 
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CH2CN), 7.13-7.18 (m, 2H, Ar-H), 7.38 (s, 1H, Ar-H), 7.68 (s, 1H, NH); 13C-NMR (125 MHz, CDCl3) δ 

(ppm): 25.61, 27.84, 33.49, 33.52, 117.45, 118.88, 121.16, 124.63, 138.72, 140.15, 143.35, 171.26; MS 

(EI, 70 eV): m/z (%) 200 (M+, 25); Anal. Calcd for C12H12N2O (200.24): C, 71.98; H, 6.04; N, 13.99%. 

Found: C, 71.91; H, 6.01; N, 13.94%. 

 

Synthesis of 2-cyano-N-(2,3-dihydro-1H-inden-5-yl)-3-(dimethylamino)acrylamide (3). Boiling of 

compound 2 (2.00 g, 0.01 mol) and dimethylformamide dimethyl acetal (1.32 mL, 0.01 mol) in dry xylene 

(25 mL) for 6 h. The orange yellow precipitate product was filtered off and recrystallized from EtOH to 

give compound 2 in 88%; Orange yellow crystals; mp 244-245 oC (EtOH); IR (KBr): ν/cm-1= 3325 (NH), 

2186 (CN), 1666 (C=O); 1H-NMR (500 MHz, CDCl3) δ (ppm): 2.02 (pentet, 2H, J = 7.5 Hz, CH2), 

2.83-2.89 (m, 4H, 2CH2), 3.21 (s, 3H, CH3), 3.36 (s, 3H, CH3), 7.13-7.18 (m, 2H, Ar-H), 7.43 (s, 1H, Ar-H), 

7.55 (s, 1H, CH), 7.85 (s, 1H, NH); 13C-NMR (125 MHz, CHCl3-d6) δ (ppm): 25.07, 33.45, 33.68, 43.98, 

45.31, 87.86, 114.26, 118.73, 121.33, 124.96, 138.17, 140.04, 143.58, 148.62, 163.96; MS (EI, 70 eV): m/z 

(%) 255 (M+, 46); Anal. Calcd for C15H17N3O (255.32): C, 70.56; H, 6.71; N, 16.46%. Found: C, 70.48; H, 

6.66; N, 16.39%. 

Synthesis of 3-amino-N-(2,3-dihydro-1H-inden-5-yl)-1H-pyrazole-4-carboxamide (4). To a solution of 

acrylamide 3 (2.55 g, 0.01 mol) in EtOH (20 mL), hydrazine hydrate (0.2 mL) was added. The reaction 

mixture was refluxed for 6 h, then left to cool. The solid product was filtered off and recrystallized from 

EtOH to give compound 4 in 86% yield; buff crystals; mp 156-157 oC (EtOH); IR (KBr): ν/cm-1= 3387, 

3299 (NH2), 3209, 3142 (2NH), 1671 (C=O); 1H-NMR (500 MHz, DMSO-d6) δ (ppm): 2.06 (pentet, 2H, J 

= 7.5 Hz, CH2), 2.81-2.87 (m, 4H, 2CH2), 6.57 (s, 2H, NH2), 7.13-7.19 (m, 2H, Ar-H), 7.45 (s, 1H, Ar-H), 

8.45 (s, 1H, C5-H pyrazole), 10.23 (s, 1H, NH), 10.43 (s, 1H, NH); 13C-NMR (125 MHz, DMSO-d6) δ 

(ppm): 25.64, 33.39, 33.56, 102.23, 118.96, 121.35, 124.78, 134.14, 138.66, 140.60, 143.93, 155.24, 

163.97; MS (EI, 70 eV): m/z (%) 242 (M+, 22.6); Anal. Calcd for C13H14N4O (242.28): C, 64.45; H, 5.82; N, 

23.13%. Found: C, 64.38; H, 5.77; N, 23.10%. 

Synthesis of 2,4-diamino-N-(2,3-dihydro-1H-inden-5-yl)pyrimidine-5-carboxamide (5). Refluxing a 

mixture of acrylamide 3 (2.55 g, 0.01 mol) and guanidine hydrochloride (0.95 g, 0.01 mol) in EtOH (20 

mL) comprising anhydrous potassium carbonate (1.38 g, 0.01 mol) for 8 h, then left to cool. The solid 

product was filtered off, washed with water and recrystallized from EtOH to give compound 4 in 82% 

yield; Buff crystals; mp 270-271 oC (EtOH); IR (KBr): ν/cm-1= 3858, 3644, 3367, 3311 (2NH2), 3168 (NH), 

1669 (C=O); 1H-NMR (500 MHz, DMSO-d6) δ (ppm): 2.05 (pentet, 2H, J = 7.5 Hz, CH2), 2.83-2.89 (m, 

4H, 2CH2), 6.48 (s, 2H, NH2), 6.86 (s, 2H, NH2,), 7.14-7.18 (m, 2H, Ar-H), 7.38 (s, 1H, Ar-H), 7.88 (s, 1H, 

C6-H pyrimidine), 10.48 (s, 1H, NH); 13C-NMR (125 MHz, DMSO-d6) δ (ppm): 25.52, 33.19, 33.75, 

102.48, 118.62, 121.03, 124.75, 138.14, 140.34, 143.66, 149.85, 158.7, 160.68, 163.19; MS (EI, 70 eV): 
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m/z (%) 269 (M+, 45.2); Anal. Calcd for C14H15N5O (269.31): C, 62.44; H, 5.61; N, 26.01%. Found: C, 

62.36; H, 5.52; N, 25.97%. 

General method for the preparation of some fused pyrimidine heterocyclic derivatives. An equimolar 

amount of acrylamide 3 (2.55 g, 0.01 mol) and the appropriate heterocyclic amines (2-aminobenzothiazole, 

3-amino-1,2,4-triazine and 2-amino-4-methylpyridine) in glacial acetic acid (15 mL) was refluxed for 

10-12 h (TLC controlled), then left to cool. The solid product that formed on pouring reaction mixture on 

ice cold water was filtered off and recrystallized from EtOH to give compounds 7, 10 and 12. 

N-(2,3-Dihydro-1H-inden-5-yl)-4-oxo-4H-benzo[4,5]thiazolo[3,2-a]pyrimidine-3-carboxamide (7) 

Brown crystals; yield 68%; mp 280-282 oC (EtOH); IR (KBr): ν/cm-1= 3363 (NH), 1674, 1667 (2C=O); 
1H-NMR (DMSO-d6) δ (ppm): 2.06 (pentet, 2H, J = 7.5 Hz, CH2), 2.83-2.88 (m, 4H, 2CH2), 7.13-7.18 (m, 

2H, Ar-H), 7.31-7.67 (m, 5H, Ar-H), 8.51 (s, 1H, C-H pyrimidine), 10.46 (s, 1H, NH); 13C-NMR (125 MHz, 

DMSO-d6) δ (ppm): 25.7, 33.5, 33.8, 118.6, 120.2, 122.6, 124.2, 125.1, 125.6, 126.3, 129.3, 130.8, 136.5, 

138.2, 140.7, 143.6, 150.1, 158.4, 160.8, 163.3; MS (EI, 70 eV): m/z (%) 361 (M+, 38); Anal. Calcd for 

C20H15N3O2S (361.42): C, 66.47; H, 4.18; N, 11.63%. Found: C, 66.43; H, 4.13; N, 11.69%. 

N-(2,3-Dihydro-1H-inden-5-yl)-8-oxo-8H-pyrimido[1,2-b][1,2,4]triazine-7-carboxamide (10) 

Brown powder; yield 76%; mp > 300 oC (EtOH); IR (KBr): ν/cm-1= 3437 (NH), 1669, 1665 (2C=O); 
1H-NMR (500 MHz, DMSO-d6) δ (ppm): 2.05 (pentet, 2H, J = 7.5 Hz, CH2), 2.82-2.89 (m, 4H, 2CH2), 

7.13-7.18 (m, 2H, Ar-H), 7.43 (s, 1H, Ar-H), 8.66 (d, 1H, J = 2 Hz, triazine H-5), 8.82 (d, 1H, J = 2 Hz, 

triazine H-6), 8.94 (s, 1H, C-H pyrimidine), 10.45 (s, 1H, NH); 13C-NMR (125 MHz, DMSO-d6) δ (ppm): 

25.51, 33.29, 33.64, 118.22, 121.04, 124.75, 129.16, 136.34, 138.77, 140.08, 143.96, 146.53, 151.81, 

154.26, 160.47, 163.96; MS (EI, 70 eV): m/z (%) 307 (M+, 42); Anal. Calcd for C16H13N5O2 (307.31): C, 

62.53; H, 4.26; N, 22.79%. Found: C, 62.47; H, 4.19; N, 22.72%. 

N-(2,3-Dihydro-1H-inden-5-yl)-8-methyl-4-oxo-4H-pyrido[1,2-a]pyrimidine-3-carboxamide (12) 

Brown powder; yield 71%; mp 275-277 °C (EtOH); IR (KBr): ν/cm-1= 3385 (NH), 1666, 1660 (2C=O); 
1H-NMR (500 MHz, DMSO-d6) δ (ppm): 2.06 (pentet, 2H, J = 7.5 Hz, CH2), 2.35 (s, 3H, CH3), 2.84-2.90 

(m, 4H, 2CH2), 7.14-7.19 (m, 3H, Ar-H), 7.31 (s, 1H, C9-H pyridopyrimidine), 7.45 (s, 1H, Ar-H), 8.26 (d, 

1H, J = 12 Hz, C6-H pyridopyrimidine), 8.96 (s, 1H, C-H pyrimidine), 10.43 (s, 1H, NH); 13C-NMR (125 

MHz, DMSO-d6) δ (ppm): 21.05, 25.66, 33.24, 33.76, 115.16, 118.72, 121.53, 122.45, 124.86, 126.14, 

129.32, 138.41, 140.81, 143.98, 145.07, 151.63, 153.14, 160.38, 163.74; MS (EI, 70 eV): m/z (%) 319 (M+, 

46); Anal. Calcd for C19H17N3O2 (319.36): C, 71.46; H, 5.37; N, 13.16%. Found: C, 71.38; H, 5.31; N, 

13.19%. 

General method for the reaction of acrylamide 3 with activated nitrile. An equimolar amount of 

acrylamide 3 (2.55 g, 0.01 mol) and 2-benzothiazolylacetonitrile or 2-benzoimidazolylacetonitrile in 

glacial acetic acid (15 mL) was refluxed for 10 h, then left to cool. The solid product was filtered off and 
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recrystallized from EtOH to give compounds 16a,b. 

4-Cyano-N-(2,3-dihydro-1H-inden-5-yl)-1-oxo-1H-benzo[4,5]thiazolo[3,2-a]pyridine-2-carboxamide 

(16a) 

Brown powder; yield 65%; mp 286-288 °C (EtOH); IR (KBr): ν/cm-1= 3361 (NH), 2218 (CN), 1669, 1664 

(2C=O); 1H-NMR (500 MHz, DMSO-d6) δ (ppm): 2.08 (pentet, 2H, J = 7.5 Hz, CH2), 2.84-2.90 (m, 4H, 

2CH2), 7.13-7.18 (m, 2H, Ar-H), 7.36 (s, 1H, Ar-H), 7.63- 8.03 (m, 4H, Ar-H), 8.76 (s, 1H, C-H pyridine), 

10.54 (s, 1H, NH); 13C-NMR (125 MHz, DMSO-d6) δ (ppm): 25.52, 33.24, 33.58, 78.98, 111.54, 115.02, 

116.96, 118.73, 121.22, 122.40, 124.59, 125.27, 126.71, 129.26, 133.21, 136.54, 138.66, 140.72, 143.55, 

158.63, 160.86, 163.72; MS (EI, 70 eV): m/z (%) 385 (M+, 37); Anal. Calcd for C22H15N3O2S (385.44): C, 

68.56; H, 3.92; N, 10.90%. Found: C, 68.51; H, 3.89; N, 10.85%. 

4-Cyano-N-(2,3-dihydro-1H-inden-5-yl)-1-oxo-1,5-dihydrobenzo[4,5]imidazo[1,2-a]pyridine-2- 

carboxamide (16b) 

Reddish brown powder; yield 67%; mp 292-294 °C (EtOH); IR (KBr): ν/cm-1= 3368, 3309 (2NH), 2216 

(CN), 1669, 1661 (2C=O); 1H-NMR (500 MHz, DMSO-d6) δ (ppm): 2.06 (pentet, 2H, J = 7.5 Hz, CH2), 

2.82-2.89 (m, 4H, 2CH2), 7.04-7.48 (m, 7H, Ar-H), 8.73 (s, 1H, C-H pyridine), 10.43 (s, 1H, CONH), 10.76 

(s, 1H, NH); 13C-NMR (125 MHz, DMSO-d6) δ (ppm): 25.51, 33.24, 33.55, 66.97, 111.49, 113.88, 115.37, 

116.62, 118.57, 120.19, 121.24, 124.86, 125.71, 131.04, 133.52, 136.34, 138.47, 140.35, 143.56, 153.18, 

160.24, 163.47; MS (EI, 70 eV): m/z (%) 368 (M+, 46); Anal. Calcd for C22H16N4O2 (368.40): C, 71.73; H, 

4.38; N, 15.21%. Found: C, 71.69; H, 4.36; N, 15.12%. 

General method for the preparation of 2H-pyran-2-one derivatives. An equimolar amount of 

acrylamide 3 (2.55 g, 0.01 mol) and keto active methylene compounds (acetylacetone, 1,3-indanedione, 

barbituric acid, thiobarbituric acid and pyrazolone derivative) or resorcinol in glacial acetic acid (15 mL) 

was refluxed for 8-12 h (TLC controlled). The reaction mixture was poured in crushed ice; the formed 

precipitate was filtered off, washed with water for several times followed by washing with cold EtOH. The 

solid product was recrystallized from EtOH to give compounds 17, 18, 20a,b, 22 and 23. 

5-Acetyl-N-(2,3-dihydro-1H-inden-5-yl)-6-methyl-2-oxo-2H-pyran-3-carboxamide (17) 

Pale yellow crystals; yield 73%; mp 260-262 °C; IR (KBr): ν/cm-1= 3230 (NH), 1718, 1689, 1667 (3C=O); 

1H-NMR (500 MHz, DMSO-d6) δ (ppm): 2.05 (pentet, 2H, J = 7.5 Hz, CH2), 2.35 (s, 3H, COCH3), 2.51 (s, 

3H, CH3), 2.84-2.90 (m, 4H, 2CH2), 7.13-7.19 (m, 2H, Ar-H), 7.36 (s, 1H, Ar-H), 8.41 (s, 1H, C4-H pyran), 

10.44 (s, 1H, NH); 13C-NMR (125 MHz, DMSO-d6) δ (ppm): 19.93, 25.67, 29.25, 33.41, 33.68, 116.29, 

118.34, 121.42, 122.69, 124.63, 138.50, 140.39, 143.26, 148.40, 160.82, 163.27, 165.46, 195.68; MS (EI, 

70 eV): m/z (%) 311 (M+, 36); Anal. Calcd for C18H17NO4 (311.34): C, 69.44; H, 5.50; N, 4.50%. Found: C, 

69.36; H, 5.46; N, 4.47%. 

N-(2,3-Dihydro-1H-inden-5-yl)-2,5-dioxo-2,5-dihydroindeno[1,2-b]pyran-3-carboxamide (18) 
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Gray powder; yield 61%; mp > 300 °C; IR (KBr): ν/cm-1= 3411 (NH), 1713, 1678, 1659 (3C=O); 1H-NMR 

(500 MHz, DMSO-d6) δ (ppm): 2.05 (pentet, 2H, J = 7.5 Hz, CH2), 2.84-2.90 (m, 4H, 2CH2), 7.13-7.18 (m, 

2H, Ar-H), 7.31-7.77 (m, 5H, Ar-H), 8.47 (s, 1H, C4-H pyran), 10.44 (s, 1H, NH); 13C-NMR (125 MHz, 

DMSO-d6) δ (ppm): 25.54, 33.31, 33.66, 116.25, 118.69, 121.21, 122.48, 123.50, 124.84, 126.78, 127.62, 

129.84, 136.59, 137.53, 138.38, 140.23, 143.64, 148.56, 154,60, 160.80, 163.59, 194.57; MS (EI, 70 eV): 

m/z (%) 357 (M+, 21); Anal. Calcd for C22H15NO4 (357.37): C, 73.94; H, 4.23; N, 3.92%. Found: C, 73.90; 

H, 4.20; N, 4.11%. 

N-(2,3-Dihydro-1H-inden-5-yl)-2,4,7-trioxo-1,3,4,7-tetrahydro-2H-pyrano[2,3-d]pyrimidine-6- 

carboxamide (20a) 

Buff powder; yield 79%; mp > 300 °C; IR (KBr): ν/cm-1= 3429, 3359, 3288 (3NH), 1719, 1682, 1673, 1654 

(4C=O); 1H-NMR (500 MHz, DMSO-d6) δ (ppm): 2.04 (pentet, 2H, J = 7.5 Hz, CH2), 2.84-2.90 (m, 4H, 

2CH2), 7.13-7.17 (m, 2H, Ar-H), 7.35 (s, 1H, Ar-H), 8.64 (s, 1H, C4-H pyran), 10.25 (s, 1H, NH), 10.68 (s, 

1H, NH), 10.87 (s, 1H, NH); 13C-NMR (125 MHz, DMSO-d6) δ (ppm): 25.62, 33.36, 33.68, 116.41, 118.65, 

121.35, 122.17, 124.86, 138.57, 140.31, 143.62, 148.49, 152,10, 154.37, 158.45, 160.24, 163.39; MS (EI, 

70 eV): m/z (%) 339 (M+, 17); Anal. Calcd for C17H13N3O5 (339.31): C, 60.18; H, 3.86; N, 12.38%. Found: 

C, 60.14; H, 3.78; N, 12.32%. 

N-(2,3-Dihydro-1H-inden-5-yl)-4,7-dioxo-2-thioxo-1,3,4,7-tetrahydro-2H-pyrano[2,3-d]pyrimidine-

6-carboxamide (20b) 

Orange yellow crystals; yield 76%; mp > 300 °C; IR (KBr): ν/cm-1= 3408, 3368, 3305 (3NH), 1717, 1683, 

1677, 1638 (4C=O); 1H-NMR (500 MHz, DMSO-d6) δ (ppm): 2.05 (pentet, 2H, J = 7.5 Hz, CH2), 2.84-2.90 

(m, 4H, 2CH2), 7.13-7.18 (m, 2H, Ar-H), 7.34 (s, 1H, Ar-H), 8.61 (s, 1H, C4-H pyran), 10.21 (s, 1H, NH), 

10.86 (s, 1H, NH), 11.23 (s, 1H, NH); 13C-NMR (125 MHz, DMSO-d6) δ (ppm): 25.55, 33.24, 33.68, 

116.27, 118.51, 121.36, 122.80, 124.62, 138.71, 140.27, 143.56, 148.91, 158,67, 160.42, 163.35, 165.39, 

178.24; MS (EI, 70 eV): m/z (%) 355 (M+, 25); Anal. Calcd for C17H13N3O4S (355.37): C, 57.46; H, 3.69; N, 

11.82%. Found: C, 57.43; H, 3.62; N, 11.84%. 

N-(2,3-Dihydro-1H-inden-5-yl)-7-hydroxy-2-oxo-2H-chromene-3-carboxamide (22) 

Brown powder; yield 57%; mp 290-292 °C; IR (KBr): ν/cm-1= 3421 (OH), 3353 (NH), 1719, 1668 (2C=O); 

1H-NMR (500 MHz, DMSO-d6) δ (ppm): 2.03 (pentet, 2H, J = 7.5 Hz, CH2), 2.83-2.88 (m, 4H, 2CH2), 6.64 

(s, 1H, H-8), 6.82 (d, 1H, J = 9 Hz, C6-H coumarin), 6.98 (d, 1H, J = 9 Hz, C5-H coumarin), 7.12-7.16 (m, 

2H, Ar-H), 7.35 (s, 1H, Ar-H), 8.42 (s, 1H, C4-H coumarin), 10.42 (s, 1H, NH), 12.31 (s, 1H, OH); 
13C-NMR (125 MHz, DMSO-d6) δ (ppm): 25.62, 33.20, 33.58, 102.13, 110.37, 116.22, 118.49, 121.52, 

122.36, 124.78, 128.64, 138.50, 140.15, 143.47, 148.26, 154.63, 158.37, 160.66, 163.28; MS (EI, 70 eV): 

m/z (%) 321 (M+, 18); Anal. Calcd for C19H15NO4 (321.33): C, 71.02; H, 4.71; N, 4.36%. Found: C, 70.96; 

H, 4.63; N, 4.27%. 
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N-(2,3-Dihydro-1H-inden-5-yl)-3-methyl-6-oxo-1-phenyl-1,6-dihydropyrano[2,3-c]pyrazole-5- 

carboxamide (23) 

Yellow crystals; yield 64%; mp 275-277 °C; IR (KBr): ν/cm-1= 3368 (NH), 1720, 1665 (2C=O); 1H-NMR 

(500 MHz, DMSO-d6) δ (ppm): 2.04 (pentet, 2H, J = 7.5 Hz, CH2), 2.25 (s, 3H, CH3), 2.84-2.89 (m, 4H, 

2CH2), 7.13-7.17 (m, 2H, Ar-H), 7.38 (s, 1H, Ar-H), 7.49-7.85 (m, 5H, Ar-H), 8.36 (s, 1H, C4-H pyran), 

10.31 (s, 1H, NH); 13C-NMR (125 MHz, DMSO-d6) δ (ppm): 13.64, 25.61, 33.40, 33.76, 116.41, 118.29, 

121.32, 122.57, 123.63, 124.55, 126.38, 129.21, 136.46, 138.57, 140.28, 143.31, 145.29, 148.60, 154,68, 

160.39, 163.27; MS (EI, 70 eV): m/z (%) 385 (M+, 34); Anal. Calcd for C23H19N3O3 (385.42): C, 71.68; H, 

4.97; N, 10.90%. Found: C, 71.66; H, 4.90; N, 10.81%. 

 

ANTIOXIDANT SCREENING 

Antioxidant activity determinations were evaluated from the bleaching of ABTS derived radical cations. 

The radical cation derived from ABTS was prepared by reaction of ABTS (60 μL) with MnO2 (3 mL, 25 

mg/mL) in (5 mL) aqueous buffer solution (pH 7). After shaking the solution for a few minutes, it was 

centrifuged and filtered. The absorbance (Acontrol) of the resulting green-blue solution (ABTS radical 

solution) was recorded at λmax734 nm. The absorbance (Atest) was measured upon the addition of (20 μL of 

1 mg/mL) solution of the tested sample in spectroscopic grade MeOH/buffer (1:1 v/v) to the ABTS 

solution. 

 

REFERENCES 

1. W. Dimpfel and J. A. Hoffmann, BMC Pharmacol., 2011, 11, 2.  

2. H. M. F. Madkour, A. A. E. Afify, A. A. Abdalha, G. A. Elsayed, and M. S. Salem, Phosphorus, 

Sulfur Silicon Relat. Elem., 2009, 184, 719.  

3. M. R. Shaaban, T. S. Saleh, and A. M. Farag, Heterocycles, 2009, 78, 151.  

4. A. Elkholy, F. Al-Qalaf, and M. H. Elnagdi, ARKIVOC, 2008, xiv, 124.  

5. A. M. Salaheldin, A. M. F. Oliveira-Campos, and L. M. Rodrigues, ARKIVOC, 2008, xiv, 180.  

6. Kh. D. Khalil, H. M. Al-Matar, D. M. Al-Dorri, and M. H. Elnagdi, Tetrahedron, 2009, 65, 9421.  

7. M. E. Azab, Phosphorus, Sulfur Silicon Relat. Elem., 2008, 183, 1766.  

8. V. D. Dyachenko and A. D. Dyachenko, Russ. J. Org. Chem., 2008, 44, 412. 

9. M. Nishio, M. Matsuda, F. Ohyanagi, Y. Sato, S. Okumura, D. Tabata, A. Morikawa, K. Nakagawa, 

and T. Horai, Lung Cancer, 2005, 49, 245. 

10. S. Bondock, R. Rabie, H. A. Etman, and A. A. Fadda, Eur. J. Med. Chem., 2008, 43, 2122. 

11. M. Mahmoud, R. Abdel-Kader, M. Hassanein, S. Saleh, and S. Botros, Eur. J. Pharmacol., 2007, 

569, 222. 

HETEROCYCLES, Vol. 98, No. 8, 2019 1101



 

 
 

12. S. A. F. Rostom, I. M. El-Ashmawy, H. A. Abd El Razik, M. H. Badr, and H. M. A. Ashour, Bioorg. 

Med. Chem., 2009, 17, 882. 

13. B. Kalluraya, P. Vishwanatha, A. M. Isloor, G. Rai, and M. Kotian, Boll. Chim. Farm., 2000, 139, 

263. 

14. O. A. Abd-Allah, Il Farmaco, 2000, 55, 641. 

15. M. A. Al-Haiza, M. S. Mostafa, and M. Y. El-Kady, Molecules, 2003, 8, 275. 

16. B. Musiciki, A. M. Periers, P. Laurin, D. Ferroud, Y. Benedetti, S. Lachaud, F. Chatreaux, J. L. 

Haesslein, A. LLtis, C. Pierre, J. Khider, N. Tessol, M. Airault, J. Demassey, C. Dupuis-Hamelin, P. 

Lassaigne, A. Bonnefoy, P. Vicat, and M. Klich, Bioorg. Med. Chem. Lett., 2000, 10, 1695. 

17. A. M. El-Agrody, M. S. Abd El-Latif, N. A. El-Hady, A. H. Fakery, and A. H. Bedair, Molecules, 

2003, 8, 286. 

18. A. A. Emmanuel-Giota, K. C. Fylaktakidou, D. J. Hadjipavlou-Litina, K. E. Litinas, and D. N. 

Nicolaides, J. Heterocycl. Chem., 2001, 38, 717. 

19. K. C. Fylaktakidou, D. J. Hadipavlou-Litina, K. E. Litinas, and D. N. Nicolaides, Curr. Pharm. Des., 

2004 10, 3813. 

20. J. Jung, J. Kin, and O. S. Park, Synth. Commun., 2001 31, 1195. 

21. I. Kostova, S. Raleva, P. Genova, and R. Argirova, Bioinorg. Chem. Appl., 2006, 2006, 68274. 

22. Z. Wang, K. Hara, Y. Dan-oh, C. Kasada, A. Shinpo, S. Suga, H. Arakawa, and H. Sugihara, J. Phys. 

Chem. B, 2005, 109, 3907. 

23. Z. M. Nofal, M. I. El-Zahar, and S. S. Abd El-Karim, Molecules, 2000, 5, 99. 

24. K. S. Mohamed, H. M. Refat, and N. A. H. Mohamed, Heterocycles, 2016, 92, 1415.  

25. A. S. Al-hussaini, E. H. El-Sayed, and E. M. Radwan, Der Pharma Chem., 2015, 7, 214. 

26. E. H. El-Sayed and E. M. Radwan, Der Pharma Chem., 2016, 8, 399. 

27. M. A. El-Moneim, E. H. El-Sayed, and M. El-Ashary, World J. Pharm. Pharmceut. Sci., 2017, 6, 20. 

28. E. H. El-Sayed, J. A. Hassanen, and M. El-Ashary, World J. Pharm. Pharmceut. Sci., 2017, 6, 93. 

29. E. H. El-Sayed, A.Y. Moustafa, and S. A. A. El-Ata, Latin Am. J. Pharm., 2018, 37, 1594.  

30. E. H. El-Sayed and A. A. Fadda, J. Heterocycl. Chem., 2018, 55, 2251. 

31. E. H. El-Sayed and A. A. Fadda, Acta Chim. Slov., 2018, 65, 853.  

32. K. S. Mohamed and E. H. El-Sayed, Heterocycles, 2018, 96, 1897. 

33. N. N. Farshori, A. Ahmed, A. U. Khan, and A. Rauf, Eur. J. Med. Chem., 2011, 46, 1433. 

34. P. Rajan, I. P. Vedernikova, P. Cos, D. V. Berghe, K. Augustyns, and A. Haemers, Bioorg. Med. 

Chem. Lett., 2001, 11, 205.  

35. L. Hwang, R. Wu, C. Jane, and G. Lee, Anal. Sci., 2003, 19, x73. 

36. E. A. Lissi, B. Modak, R. Torres, J. Esocbar, and A. Urzua, Free Radical Res., 1999, 30, 471.  

1102 HETEROCYCLES, Vol. 98, No. 8, 2019



 

 
 

37. M. Mladenović, M. Mihailović, D. Bogojević, S. Matić, N. Nićiforović, V. Mihailović, N. Vuković, 

S. Sukdolak, and S. Solujić. Int. J. Mol. Sci., 2011, 12, 2822. 

38. Y. Al-Majedy, A. Al-Amiery, A. A. Kadhum, and A. BakarMohamad, Sys. Rev. Pharm., 2017, 8, 24. 

39. D. Ü. Payaz, F. Z. Küçükbay, H. Küçükbay, A. Angeli, and C. T. Supuran, J. Enzyme Inhib. Med. 

Chem., 2019, 34, 343. 

40. B. M. Mistry, R. V. Patel, Y. S. Keum, and D. H. Kim, Bioorg. Med. Chem. Lett., 2015, 25, 5561. 

HETEROCYCLES, Vol. 98, No. 8, 2019 1103



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /JPN <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




