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ABSTRACT 

Free radicals that result from different kinds of oxidative stress have been concerned in a variety of human disorders, 

from cardiac ischemia to those affecting the central nervous system. So, there is an increasing interest in the 

development of antioxidant molecules that can protect cells against free radical damages. Sets of tetrasubstituted 
selenophene amides 4a-e were synthesized by reaction of 2-amino-5,6,7,8-tetrahydro-4H-cyclohepta[b]selenophen-

3-carbonitrile (2) with benzoyl chloride derivatives and the structures of the amide derivatives were characterized by 
MS, 1H-NMR, 13C-NMR and IR spectra. The synthesized compounds (4a-e) were evaluated in terms of in vitro. The 

antioxidant properties were determined by 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging properties and 

IC50 values of the compounds were in the range from 3.794 to 5.644 mg/mL. Compounds 4c and 4e showed 
predominant radical scavenging activity among the synthesized analogues. 
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1. INTRODUCTION   

The structures of selenaheterocyclic compounds are 

closely related to those of analogous sulfur compounds, 

but their properties often present marked difference. 

Reactive oxygen species such as hydroxyl radical, 

superoxide anion and peroxynitrite are involved in 

many cellular processes including the inflammatory 

response. The best known antiinflammatory compound 

is ebselen the first synthetic organoselenium therapeutic 

released on the market. 

 

 

Ebselen (1) acts as glutathione peroxidase (GPx) mimic 

by reducing hydroperoxides to water or the 

corresponding alcohol. 1-4 

Having recognized the role of GPx enzymes in 

biochemical reactions, considerable efforts have been 

made to design and develop low-molecular weight 

organoselenium compounds, which can emulate the 

activity of naturally occurring selenoenzymes, GPx.5-7 
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Benzamide derivatives which are the possible 

metabolites of benzoxazoles show various types of 

biological properties such as anthelmintic, 

antihistaminic, antifungal, and antibacterial.8-10  

 Substituted 2-aminothiophenecarboxamides are a class 

of heterocycles that have attracted a great deal of 

research interest due their great usefulness as precursors 

of molecules with pharmacological properties. 

Thiophene amide derivatives 2 were investigated in 

basic pharmacological screens. It was found that most 

of the derivatives minör depressants and some were 

more potent analgesic activity than acetyl salicyclic 

acid.11  

N-(3-cyano-4,5,6,7-tetrahydro-1-benzothien- 2-

yl)amide derivatives 3 were identified as potent 

inhibitors of JNK3 with essentially equal potency 

against JNK2.12  

In the literature, there are more study of the synthesis 

and biological evaluation of thiophene amide 

derivatives than its selenium anologs, selenophenyl 

amide, derivatives and in view of the abovementioned 

facts, it seemed most interesting to synthesize some 

condensed N-(3-cyano-5,6,7,8-tetrahydro-4H-

cyclohepta[b]selenophene-2-yl)benzamide derivatives 

with the aim to evaluate their free radical scavenging 

activities. 

2. RESULTS AND DISCUSSION  

2.1. Chemistry 

In order to explore the structure–activity relationships 

(SAR) at the N-(3-cyano-5,6,7,8-tetrahydro-4H-

cyclohepta [b] selenophene-2-yl) benzamide derivatives 

which are substituted in the 4-position of aromatic ring, 

we embarked upon the synthesis of analogues of 4 using 

procedures illustrated in Scheme 1. Amine 2 was 

prepared from cycloheptanone, selenium and 

malononitrile under conditions reported by Gewald, 

followed by formation of amides, standard conditions.12, 

13 The compounds were purified by repeated 

recrystallization from ethanol and then dried.  1H NMR 

spectra of compounds 4a–e with the 2 has shown 

disappearance of signal of NH2 (4.97 ppm) proton on 

the formation of amide bond and new signals of NH 

(9.02-9.12) appeared. The IR spectra of  4a-e revealed 

the presence of C=O stretching band at 1640–

1662 cm−1 in all the analogues. 

 

 

Scheme 1. Synthesis of N-(3-cyano-5,6,7,8-tetrahydro-4H-cyclohepta[b]selenophene-2-yl) benzamide derivatives 

2.2 Free radical scavenging activity 

The ability to scavenging the stable free radical, 1,1-

diphenyl-2-picrylhydrazyl (DPPH), was measured as a 

decrease in absorbance at 517 nm. IC50 values for 

compounds were determined in the range from 3.794 to 

5.644 mg/mL.  The best activity in the synthesized 

compounds has shown 4c (IC50 3.794 ± 0.041 mg/mL), 

having chlorine atom which conferred both electron-

withdrawing inductive effects and electron-donating 

resonance effects at  p-position in the aromatic ring. 

The positioning the chloro retained antioxidant activity 

because the intermediate radical was stabilized by the 

electron-donating resonance effect of chlorine in spite 

of the electron-withdrawing inductive effect of chlorine. 

Also the compound 4e (IC50 3.865 ± 0.164 mg/mL), 

bearing an electron-donating methoxy group at para 

position, showed the better DPPH radical scavenging 

activity compared to synthesized compounds (Table 1). 

Selenium-containing compounds showed moderate 

levels of DPPH radical scavenging in vitro. El-Sawy et 

al. synthesized a series of heterocyclic derivatives of 2-

amino-4-(1-benzoylindol-3-yl)selenophene-3-

carbonitrile and tested at its DPPH radical scavenging 

properties.14 IC50 values of these compounds were 

measured in the range of 166.40-2844.95 µg/mL.  These 

results are very parallel with IC50 values of our 

compounds. In summary, N-(3-cyano-5,6,7,8-

tetrahydro-4H-cyclohepta[b]selenophene-2-

yl)benzamide, and variants with additional substitution 

in the benzene ring may be represent  potential radical 

scavenger compounds. 
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Table 1. DPPH radical scavenging activity (IC50 

(mg/mL)) of novel N-(3-cyano-5,6,7,8-tetrahydro-4H-

cyclohepta[b]selenophene-2-yl) benzamide compounds. 

 

Compounds IC50 (mg/mL) 

4a 3.991±0.082 

4b 5.644±0.246 

4c 3.794±0.041 

4d 4.483±0.123 

4e 3.865±0.164 

 

 

3. CONCLUSION 

A series of tetrasubstituted selenophenyl benzamides 

4a-e were synthesized by reaction of amine 2 with 

benzoyl chloride derivatives. The synthesized 

compounds (4a-e) were evaluated in terms of in vitro 

DPPH radical scavenging properties and IC50 values of 

the compounds were in the range from 3.794 to 5.644 

mg/mL.                    

4. EXPERIMENTAL 

4.1. Chemistry 

All chemicals investigated in the study were reagent 

grade and were purified when it was necessary. All 

organic solvents used in this study were purified 

according to standard methods. MS were obtained from 

Waters LCT Premier XE LTOF (TOF MS) instruments 

(Waters Corporation, Milferd MA, USA). 1H and 13C-

NMR spectra were recorded with a Bruker DPX-300 

MHz and 100 MHz using TMS as an internal standard 

and CDCl3 as solvent. Mass spectra were recorded on a 

Micro Mass-UK Platform II mass spectrometer at 

Tubitak, Ankara, Turkey. IR spectra were recorded on a 

Mattson-5000 FT-IR instrument in KBr pellets. Melting 

points were determined with a Gallenkamp melting 

point apparatus.  

The synthesis of 2-amino-5,6,7,8-tetrahydro-4H-

cyclohepta[b]selenophen-3-carbonitrile (2) 

 

Cycloheptanone (5,61 g, 0.05 mol), malononitrile (3,30 

g, 0.05 mol) and selenium (3,95 g, 0.05 mol) was added 

into anhydrous ethanol (50 mL). Morpholine (4.36 g, 

0.05 mol) was added dropwise into mixture at room 

temperature. The resulting mixture was refluxed for 48 

hours. After this time the mixture was cooled to room 

temperature and poured into water-ice bath. The 

resulting solid was filtered off and the product was 

crystallized in ethanol. 

Yield 71 %; m.p. 100–102 -1): 

3425-3333 (NH2),2192 (CN). 1H NMR (CDCl3

(ppm)= 1.63 (m, 4H, CH2), 1.79 (m, 2H, CH2), 2.58 (m, 

2H, CH2), 2.61 (m, 2H, CH2), 4.97 (bs, 2H, NH2). 
13C 

NMR (CDCl3 30.6, 31.1, 32.1, 

93.6 (C-CN), 117.2 (CN),128.3, 138.0, 163.6 (C-NH2). 

The synthesis of N-(3-cyano-5,6,7,8-tetrahydro-4H-

cyclohepta[b]selenophene-2-yl) benzamide 

derivatives 4a-e: General Procedure 

2-Amino-5,6,7,8-tetrahydro-4H-

cyclohepta[b]selenophene-3-carbonitrile (0.24 g, 0.001 

mol) and triethylamine was added into dioxane (30 mL) 

at room temperature. Benzoyl chloride derivatives 

(0.0012 mol) were added dropwise into the mixture. 

Resulting mixture was refluxed for 7 hours. After this 

time the mixture cooled to room temperature and the 

mixture's solvent was removed by rotary evaporation. 

The resulting solid product was crystallized from 

ethanol. 

The synthesis of N-(3-cyano-5,6,7,8-tetrahydro-4H-

cyclohepta[b]selenophene-2-yl)-benzamide (4a) 

Yield 73 %; m.p. 198-199 -1): 

3242 (N-H), 3062 (=C-H), 2910, 2204 (CN), 1646 

(C=O) . 1H NMR (CDCl3

CH2), 1.88 (m, 2H, CH2), 2.77 (m, 2H, CH2), 2.80 (m, 

2H, CH2), 7.56 (t, J= 1.4 Hz, 2H, Ar-H), 7.65 (t, J= 1.4 

Hz, 1H, Ar-H) 7.94 (d, J= 3.6 Hz, 2H, Ar-H),  9.08 (bs, 

1H, NH). 13C-APT NMR (CDCl3  = 27.2, 

27.9, 30.1, 30.7, 32.1, 98.3, 116.3, 127.4, 129.1, 131.7, 

133.1, 136.6, 138.3, 148.3, 163.7. 

HRMS: m/z calculated for C17H16N2OSe [M + H]+ 

(343,2817), found: 343,0339 

The synthesis of N-(3-cyano-5,6,7,8-tetrahydro-4H-

cyclohepta[b]selenophen-2-yl)-4-bromobenzamide (4b) 

Yield 66%; m.p. 246-248 -1): 

3228 (N-H), 3058 (=C-H), 2911 (C-H), 2211 (CN), 

1660 (C=O). 1H NMR (CDCl3 0 (m, 4H, 

CH2), 1.87 (m, 2H, CH2), 2.76 (m, 2H, CH2), 2.81 (m, 

2H, CH2), 7.67 (d, J= 8.6 Hz, 2H, Ar-H), 7.79 (d, J= 

8.6 Hz, 2H, Ar-H), 9.06 (bs, 1H, NH). 13C-APT NMR 

(DMSO-d6

99.8, 116.5, 126.9, 131.8, 130.9, 132.0, 137.2, 138.4, 

149.0, 165.1. 

HRMS: m/z calculated for C17H15BrN2OSe [M + H]+ 

(422.1778), found: 420.9448 

The synthesis of N-(3-cyano-5,6,7,8-tetrahydro-4H-

cyclohepta[b]selenophen-2-yl)-4-chlorobenzamide (4c) 

Yield 69%; m.p. 244-246 -1): 

3232 (N-H), 3062 (=C-H), 2914 (C-H), 2209 (CN), 

1662 (C=O) . 1H NMR (CDCl3

4H, CH2), 1.90 (m, 2H, CH2), 2.75 (m, 2H, CH2), 2.80 

(m, 2H, CH2), 7.52 (d, J= 8.5 Hz, 2H, Ar-H), 7.87 (d, 

J= 8.5 Hz, 2H, Ar-H),  9.12 (bs, 1H, NH). 13C-APT 

NMR (DMSO-d6 , 30.3, 

32.1, 99.2, 116.5, 129.0, 130.8, 131.5, 137.2, 137.9, 

138.4, 149.1, 164.8. 
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HRMS: m/z calculated for C17H15ClN2OSe [M + H]+ 

(377.7268), found: 376,9962 

The synthesis of N-(3-cyano-5,6,7,8-tetrahydro-4H-

cyclohepta[b]selenophen-2-yl)-4-fluorobenzamide (4d) 

Yield 67%; m.p. 223-225 -1): 

3230 (N-H), 3076 (=C-H), 2901, 2211 (CN), 1658 

(C=O). 1H NMR (CDCl3 2), 

1.87 (m, 2H, CH2), 2.77 (m, 2H, CH2), 2.81 (m, 2H, 

CH2), 7.22 (d, J= 8.5 Hz, 2H, Ar-H), 7.95 (d, J= 8.5 

Hz, 2H, Ar-H),  9.02 (bs, 1H, NH). 13C-APT NMR 

(DMSO-d6

99.1, 116.1, 116.5, 129.2, 131.8, 137.1, 138.3, 149.2, 

163.4, 164.9. 

HRMS: m/z calculated for C17H15FN2OSe [M + H]+ 

(361,2722), found: 361,0244 

The synthesis of N-(3-cyano-5,6,7,8-tetrahydro-4H-

cyclohepta[b]selenophen-2-yl)-4-methoxybenzamide 

(4e) 

Yield 71%; m.p. 197-199 -1): 

3308 (N-H), 3165 (=C-H), 2930 (C-H), 2203 (CN), 

1640 (C=O). 1H NMR (CDCl3

CH2), 1.91 (m, 2H, CH2), 2.78 (m, 2H, CH2), 2.83 (m, 

2H, CH2), 3.94 (s, 3H, OCH3), 7.05 (d, J= 8.5 Hz, 2H, 

Ar-H), 7.92 (d, J= 8.5 Hz, 2H, Ar-H),  9.03 (bs, 1H, 

NH). 13C-APT NMR (CDCl3 2, 27.9, 

30.1, 30.7, 32.2, 55.6, 97.9, 114.4, 116.3, 123.8, 129.0, 

136.4, 137.9, 148.6, 163.5, 163.7 

HRMS: m/z calculated for C18H18N2O2Se [M + H]+ 

(373.3077), found: 373.0459 

Free radical scavenging activity 

The ability of a compound to donate a hydrogen atom 

was assessed on the basis of the scavenging activity of 

the stable 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical 

according to a procedure based on Shimada et al. 

(1992) with slight modifications. The reaction mixture 

was a total volume of 3 mL, which included 2.9 mLof 

DPPH (1x10-4 M DPPH) and 0.1 mL of the 

corresponding sample at various concentrations. The 

solutions were left in the dark at room temperature for 

30 min and the resulting color was measured 

spectrophotometrically at 520 nm against blanks. A 

decreasing intensity of the color purple was related to a 

higher radical scavenging power percentage, which was 

calculated using the following equation;  

% radical scavenging activity = (1-Asample/Acontrol)×100 

IC50 which denotes the amount (mg) of compounds in 

1 mL solution required to reduce initial concentration of 

DPPH radicals by 50% was also calculated.15  

 ACKNOWLEDGMENTS 

The authors would like to thanks Gazi University and 

Inonu University Research fund (Project number: 

İÜBAP-2011/40) for their financial supports.   

The authors have declared no conflict of interest. 

 

CONFLICT OF INTEREST 

 

No conflict of interest was declared by the authors.                                      

 

REFERENCES 

[1] Młochowski J., Kloc K., Lisiak R, Potaczek P., 

Wójtowicz H., “Developments in the chemistry of 

selenaheterocyclic compounds of practical 

importance in synthesis and medicinal biology” 
Arkivoc, 14-46 (2007)  . 

[2] Parnham MJ, Graf E. Pharmacology of synthetic 

organic selenium compounds. Prog Drug Res 36: 

9-47 (1991). 

[3] Mugesh, G.; Singh, H.B. “Synthetic 

organoselenium compounds as antioxidants: 

Glutathione peroxidase activity” Chem. Soc. 
Rev., 29: 347–357 (2000). 

[4] Schewe, T. “Molecular actions of ebselen--an 

antiinflammatory antioxidant” Gen. Pharmac. 

26:1153 (1995).  

[5] Flohe L., Günzler E.A., Schock H.H., “Glutathione 

peroxidase: A selenoenzyme” FEBS Lett. 32: 132-
134(1973). 

[6] Rotruck J.T., Pope A.L., Ganther H.E., Swanson 

A.B., Hafeman D.G., Hoekstra W.G., “Selenium: 

biochemical role as a component of glutathione 

peroxidase” Science 179: 588-590 (1973).  

[7] Mugesh G., du Mont W.W., Sies H., “Chemistry of 

biologically important synthetic organoselenium 
compounds” Chem. Rev. 101: 2125-2179(2001). 

[8] White G.A. “Substituted 2-methylbenzanilides and 

structurally related carboxamides: inhibition of 

Complex II activity in mitochondria from a wild-

type strain and a carboxin-resistant mutant strain 

of Ustilago maydis” Pesticide Biochemistry and 
Physiology. 34: 255–276 (1989). 

[9] Yalcin I., Kaymakcioglu B.K., Oren I., Sener E., 

Temiz O., “Synthesis and microbiological activity 

of some novel N-(2-hydroxyl-5-

substitutedphenyl)benzacetamides, 

phenoxyacetamides and thiophenoxyacetamides as 

the possible metabolites of antimicrobial active 

benzoxazoles” Farmaco. 52: 685–689 (1997). 

[10] Prashanth M.K., Madaiah M, Revanasiddappa 

H.D., Amruthesh K.N., “Synthesis, 

Characterization, and BSA Binding Studies of 

Some New Benzamides Related to Schiff Base” 
ISRN Organic Chemistry  2013: 791591 (2013). 

[11] Halfpenny P.R., Hill R.G., Horwell D.C., Hughes 

J., Hunter J.C., Johnson S., Rees D.C., 

“Highly selective kappa-opioid analgesics. 2. Synthesis 

and structure-activity relationships of novel N-[(2-

http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T6V-40PRGPC-8&_user=746906&_coverDate=07%2F31%2F2000&_alid=186042187&_rdoc=57&_fmt=full&_orig=search&_cdi=5040&_sort=d&_st=4&_docanchor=&_acct=C000041758&_version=1&_urlVersion=0&_userid=746906&md5=7c9e2d95261cce2075b811c1db4286a4#bbib15#bbib15
http://www.sciencedirect.com/science?_ob=MathURL&_method=retrieve&_udi=B6T6R-4M7KB39-2&_mathId=mml1&_user=746906&_cdi=5037&_pii=S0308814606007278&_rdoc=1&_ArticleListID=1625593039&_issn=03088146&_acct=C000041758&_version=1&_userid=746906&md5=b0a04fd0f85d61188ec174d5a95a9b7e
http://www.sciencedirect.com/science/article/pii/0014579373807550
http://www.sciencedirect.com/science/article/pii/0014579373807550
http://www.ncbi.nlm.nih.gov/pubmed/?term=Halfpenny%20PR%5BAuthor%5D&cauthor=true&cauthor_uid=2567782
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hill%20RG%5BAuthor%5D&cauthor=true&cauthor_uid=2567782
http://www.ncbi.nlm.nih.gov/pubmed/?term=Horwell%20DC%5BAuthor%5D&cauthor=true&cauthor_uid=2567782
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hughes%20J%5BAuthor%5D&cauthor=true&cauthor_uid=2567782
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hughes%20J%5BAuthor%5D&cauthor=true&cauthor_uid=2567782
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hunter%20JC%5BAuthor%5D&cauthor=true&cauthor_uid=2567782
http://www.ncbi.nlm.nih.gov/pubmed/?term=Johnson%20S%5BAuthor%5D&cauthor=true&cauthor_uid=2567782
http://www.ncbi.nlm.nih.gov/pubmed/?term=Rees%20DC%5BAuthor%5D&cauthor=true&cauthor_uid=2567782


         GU J Sci, 29(2):317-321 (2016)/ Kadir DOGANAY, Merve Goksin KARAASLAN, Burhan Ates, Aliye ALTUNDAS          321 

 

aminocyclohexyl)aryl]acetamide derivatives.” J 
Med Chem.  32(7):1620-6 (1989). 

[12] Angell R.M.,  Atkinson F.L., Brown M. J., Chuang 

T.T., Christopher J.A., Cichy-Knight M., Dunn 

A.K., Hightower K.E., Malkakorpi S., Musgrave 

J.R., Neu M., Rowland P., Shea R.L., Smith J.L., 

Somers D.O., Thomas S.A., Thompson G., Wang 

R., “N-(3-Cyano-4,5,6,7-tetrahydro-1-benzothien-

2-yl)amides as potent, selective, inhibitors of JNK2 

and JNK3” Bioorg. & Med. Chem. Lett. 17: 1296–
1301 (2007). 

[13] Sarı N., Sahin S.Ç., Öğütcü H., Dede Y., Yalcin S., 

Altundas A., Doganay K., Spectrochimica Acta 

Part A: Molecular and Biomolecular Spectroscopy 

106: 60–67 (2013). 

[14] El-Sawy E.R., Abo-Salem H.M., Abaid M.S., El-

Gendy A.E., Mandour A.H., Synthesis and DPPH 

radical-scavenging effect of novel heterocyclic 

derivatives of 2-amino-4-(1-benzoylindol-3-

yl)selenophene-3-carbonitrile. Egypt. Pharm. J. 
(NRC), 12:  120–129 (2013). 

[15] Shimada, K., Fujikawa, K., Yahara, K. and 

Nakamura, T. “Antioxidative properties of xanthan 

on the autoxidation of soybean oil in cyclodextrin 

emulsion”, J. Agric. Food Chem. 40: 945–948 

(1992). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

http://www.ncbi.nlm.nih.gov/pubmed/2567782
http://www.ncbi.nlm.nih.gov/pubmed/2567782
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T6V-40PRGPC-8&_user=746906&_coverDate=07%2F31%2F2000&_alid=186042187&_rdoc=57&_fmt=full&_orig=search&_cdi=5040&_sort=d&_st=4&_docanchor=&_acct=C000041758&_version=1&_urlVersion=0&_userid=746906&md5=7c9e2d95261cce2075b811c1db4286a4#bbib15#bbib15

