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Abstract
Background
The thiophene nucleus has been recognized as an important entity in the synthesis of heterocyclic compounds with promising pharmacological characteristics.

Results
A number of new heterocyclic compounds incorporating thiophene species have been prepared from the titled enaminone via the reaction with different nucleophiles and electrophiles. The structure elucidation of the designed compounds was derived from their spectral information. The results of antimicrobial activity of the prepared compounds revealed that derivatives 7b and 8 exhibited activity comparable to the standard drugs ampicillin and gentamicin for all tested bacteria species. Additionally, compound 3 displayed potent activity against Aspergillus fumigates, whereas compounds 5, 6, and 7a showed good activity against Syncephalastrum racemosum.

Conclusions
We have synthesized a number of new thiophene-containing compounds. The results of antimicrobial activity of the prepared compounds revealed that changing the substituents at position-2 of thiophene ring significantly affect their biological activity. The pyridine side chain derivatives in compounds 7a, 7b and 8 showed excellent antimicrobial activity.
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Background
Enaminones have been proved to be extremely stable species and form a versatile class of valuable precursors for the preparation of sundry classes of organic compounds [1–4]. Their reactivity is referred to the actuality that they consolidate the ambident nucleophilicity of enamines and electrophilicity of enones. For example, each enaminone can be attacked by a given nucleophile at the two sites, C-3 (the dialkylaminoethylene group) and C-1 (the carbonyl group) with the reactivity order C-3 > C-1. In addition, it can be attacked by an electrophile at C-2, oxygen and/or nitrogen sites with reactivity order C-2 > N > O (Chart 1).[image: A13065_2017_307_Fig1_HTML.gif]
Chart 1The nucleophile and electrophilic sites of enaminones




                     
On the other hand, the thiophene nucleus has been recognized as an important entity in the synthesis of heterocyclic compounds with promising pharmacological characteristics. An extensive variety of therapeutic applications of thiophene derivatives has been surveyed in the literature [5–8]. Thiophene moiety and their derivatives are known as diabetes mellitus [9], antihypertensive [10], antimicrobial [11], analgesic and anti-inflammatory [12], cholesterol inhibitors [13], antiviral [14], and antitumor agents [15]. Encouraged by all these findings and all the promising biological results we obtained in our laboratory [16–24], we report, herein, an efficient and rapid method for the synthesis of a series of thiophene derivatives from the titled enaminone and investigated their antimicrobial activity. Such a study depends on the change the substituent at position-2 of the thiophene ring to investigate their effect on the activity against the various microbial species used. Also, based on the results obtained in our laboratory and recently published [11] from the preparation of thiophene compounds and gave good results as antimicrobials, we preferred the preparation of new thiophene compounds by substituting the phenyl group by methyl one on the thiophene loop to investigate the improvement of their biological outcome of synthesized compounds.

Results and discussion
Synthesis
Enaminone 1, required in this investigation was prepared according to published procedures [25]. Compound 1 was reacted with two nitrogen nucleophiles namely, 3-aminotriazole and 2-aminobenzimidazole in ethanol in the presence of triethylamine and ZnCl2 to afford the fused pyrimidine derivatives 2 and 3, respectively (Scheme 1). Compounds 2 and 3 were characterized by a panel of spectroscopic techniques and by elemental analysis. IR spectra of 2 and 3 revealed the disappearance of the ketonic carbonyl group present in the enaminone 1 and the appearance of carbonyl groups of acetyl or ester groups, respectively. 1H-NMR spectrum of compound 3 in DMSO-d
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                   showed a triplet (J = 6.0 Hz) and a quartet (J = 6.0 Hz) at δ 1.36, 4.32 ppm, due to the methyl and methylene hydrogens of the ester group, respectively. The methyl group attached to the thiophene ring appeared as a singlet at δ 2.62 ppm, whereas the pyrimidine protons appeared as doublets (J = 4.5 Hz) at δ 6.32 and 7.58 ppm. Aromatic protons resonated as a multiplet at 6.89–7.60 ppm while the NH proton appeared as a singlet at 10.13 ppm. Such results indicate that the mechanism of the latter reaction proceeded via nucleophilic attack of the exocyclic amino group of triazole at the activated double bond of enaminone 1 to afford the Michael-type intermediate, which underwent intramolecular cyclization with concurrent elimination of NHMe2 and H2O molecules to give the final products 2 or 3, as illustrated in Scheme 1.[image: A13065_2017_307_Sch1_HTML.gif]
Scheme 1Reaction of enaminones with heteroamines




                        
On the other hand, enaminone 1 was coupled with the diazonium salt of 3-amino-1,2,4-triazole in pyridine to yield ethyl 5-([1, 2, 4] triazolo[5,1-c] [1, 2, 4] triazine-3-carbonyl)-4-methyl-2-(phenylamino)-thiophene-3-carboxylate (4) (Scheme 2). Its mass spectrum showed a molecular ion peak at m/z 408 (M+) and the 1H NMR spectrum of such compound indicated the presence of singlet signals at δ 8.52 and 8.76 ppm assigned to the =CH of triazine and triazole rings. Additionally, 13C NMR of compound 4 revealed signals for all 17 carbons.[image: A13065_2017_307_Sch2_HTML.gif]
Scheme 2Synthesis of compound 4
                                    




                        
Syntheses of compounds 5 and 6 were achieved by coupling of enamenone 1 and benzenediazoniumchloride in ethanol. The solid products were filtered and recrystallized from ethanol to afford the desired compounds in pure forms. Reaction of compound 5 with malonitrile in ethanol, under reflux, afforded compound 6 [26, 27] (Scheme 3). Structures of these two compounds were confirmed by spectroscopic methods. IR spectrum of 5 showed absorption bands at 1594 and 1650 cm−1 due to C=N, and C=O stretching, respectively. In addition, absorption bands attributed to the carbonyl group of the ester and to the NH stretching appeared at 1706 and 3450 cm−1, respectively. In the 1H-NMR spectrum of compound 5, protons of the two phenyl groups appeared as a multiplet in the range 7.00–7.30 ppm, whereas protons of the two NH groups appeared as singlets at δ 9.94 and 10.37 ppm. The aldehydic hydrogen appeared as a singlet at δ 14.34 ppm and protons of the ester group appeared as a triplet and a quartet (J = 6.0 Hz) at δ 1.36, 4.32 ppm, respectively, whereas the methyl group attached to the thiophene ring appeared as a singlet at δ 2.67 ppm. The 13C-NMR spectrum was also consistent with the assigned structure and the following signals were observed: δ 13.9 (CH2CH
                           3), 17.1 (CH3), 60.2 (CH
                           2CH3), 112.5 (C=N), 108.8, 116.3 (2C), 119.8, 120.0 (2C), 124.2, 125.6, 129.2 (2C), 129.2 (2C), 132.5, 140.7, 150.0, 164.2 (Ar–C), 167.0 (C=O) for ester, 180.9 (C=O), 189.0 (C=O) for aldehyde. On the other hand, the mass spectrum of compound 5 displayed the molecular ion [M]+ (100%) at m/z = 435 corresponding to the molecular formula C23H21N3O4S.[image: A13065_2017_307_Sch3_HTML.gif]
Scheme 3Synthesis of compounds 5 and 6
                                    




                        
For compound 6, the IR spectrum displayed absorption bands at 1706 and 1595 cm−1 attributed to the two carbonyl groups. An absorption band due to C=N stretching appeared at 1551 cm−1 and the cyanide CN band appeared at 2197 cm−1. In addition, two bands appeared at 3447 and 3366 cm−1 due to the two NH bonds. The 1H-NMR spectrum of compound 6 showed a triplet at δ 1.25 ppm (J = 6.0 Hz) due to the methyl protons of the ester group, whereas the other methyl group appeared as a singlet at δ 2.67. The methylene protons of the ester group appeared as a quartet at δ 4.21 ppm (J = 6.0 Hz). The imine proton (=NH) proton appeared as a singlet at δ 8.10 ppm and the pyridazine proton appeared also as singlet at δ 8.49 ppm. Another singlet at δ 10.66 ppm due to the NH protn appeared in the spectrum. The aromatic protons of the phenyl group appeared as a multiplet in the range δ 7.19–7.61 ppm. In the 13C-NMR spectrum the following signals were observed: δ 14 (CH2CH
                           3), 17.75 (CH3), 51.74 (CH
                           2CH3), 120.78, 121.01, 124.83, 125.83, 126.21, 129.04, 129.12, 164.01 (Ar–C).
Next, reactivity of enaminone 1 was investigated towards C-nucleophiles. Reaction of enaminone 1 with active methylene compounds in acetic acid in the presence of ammonium acetate led to formation of compounds 7a,b (Scheme 4). The reaction may proceed by an initial Michael addition of the active methylene compound to the activated double bond of 1 followed by a tandem elimination of NHMe2 and condensation with ammonia to give compounds 7a,b. Structures of pyridine derivatives 7a,b was established on the bases of spectral data (see “Experimental section”). Heating enaminone 1 in acetic acid and in presence of ammonium acetate gave 5-(6-(4-(Ethoxycarbonyl)-3-methyl-5-(phenylamino)thiophen-2-yl) nicotinoyl)-4-methyl-2-(phenylamino)-thiophene-3-carboxylic acid Ethyl ester (8) (Scheme 4). Based on its 1H NMR and Mass spectra, its structure was proved as illustrated in experimental part.[image: A13065_2017_307_Sch4_HTML.gif]
Scheme 4Synthesis of compounds 7a,b and 8
                                    




                        
Compound 9 was synthesized via melting the enamenone 1 with triehylorthoformate (TEOF) in presence of zinc chloride as a catalyst, (Scheme 5) followed by addition of ethanol; the precipitate was filtered to afford the desired product as pure crystals. In the 1H-NMR spectrum of compound 9 two triplets appeared at δ 1.39 and 1.40 ppm attributed to the two methyl groups of the ether and ester, respectively. In addition, a singlet at δ 2.17 due to the methyl group that is attached to thiophene ring also appeared. The two methylene groups (CH2) of the ester and ether appeared as quartets at δ 4.36 and 4.35, respectively. On the other hand, the vinylic proton (CH=CH) appeared as two doublets at δ 5.59 and 7.69 (J = 12.0 Hz), whereas the aromatic protons appeared as a multiplet in the range δ 7.10–7.51 ppm and the NH proton as a singlet at δ 10.51 ppm. 13C-NMR is in total agreement with the assigned structure. The different carbon atoms appeared at the following δ: 14.4 (CH2CH
                           3), 16.9 (CH3), 60.3 (CH
                           2CH3), 95.2, 153.0 (CH=CH), 109.7, 119.7, 122.4, 123.8, 129.5, 140.3, 141.5, 160.7 (Ar–C), 167.2 (C=O), 182.3 (C=O).[image: A13065_2017_307_Sch5_HTML.gif]
Scheme 5Preparation of compounds 9–11
                                    




                        
The mass spectrum of compound 9 displayed the molecular ion [M]+ at m/z = 461 (6%), corresponding to the molecular formula (C24H31NO6S). Fragments at 446 [M-15]+ (36%), 306 [M-155]+ (100%), among others also appeared.
Compounds 10 and 11a,b, were prepared by refluxing a mixture of compound 1 and hydroxylamine hydrochloride or aniline derivatives in ethanol in the presence of anhydrous K2CO3 or ZnCl2 as a catalyst. IR spectrum of the prepared compound 10 showed absorption bands at 3427 cm−1 due to NH and OH groups, and bands at 1705 and 1655 cm−1 attributed to the two carbonyl groups [28]. 1H-NMR spectrum in CDCl3 of compound 11a displayed two signals (appeared as singlets) for two NH protons at δ10.03 and 10.14 ppm.

Biological screening
Antibacterial and antifungal activity of prepared compounds
All synthesized compounds were screened for their antibacterial (Gram-positive and Gram-negative) and antifungal activities at a concentration of 5 mg/mL. Ampicillin, gentamycin, and amphotericin B, were employed as standard antibacterial agents (Gram-positive and Gram-negative) and antifungal, respectively. The tested fungi were A. fumigates, S. racemosum, Geotrichum candidum, and Candida albicans. Tested Gram-positive bacteria were Streptococcus pneumoniae and Bacillus subtilis, whereas Gram-negative were Pseudomonas aeruginosa and Escherichia coli Susceptibilities of microbial isolates to the test compounds were evaluated by measuring the average diameter of inhibition zones of bacterial growth surrounding the well (in millimetres) compared to the reference drugs. The obtained results reflected variable antimicrobial activity. Among the test compounds, derivatives 9b and 10 were the most potent against all tested fungi species with a 100% inhibition zone which is similar to amphotericin B as a reference standard. Compounds 3, and 10 showed good potency against Aspergillus fumigatus (78.9 and 73% inhibition zone, respectively). Furthermore, derivatives 5, 6, 7a, and 3 were the most potent derivatives with 95.5, 88.3, 87.3 and 85.8% inhibition zones, respectively, against S. racemosum. The other thiophene derivative 7a displayed high potent activity of 85.7% inhibirion zone against Geotricum candidum. The rest of prepared compounds exhibited moderate to mild activity as illustrated in Table 2.
Significant activity was observed for some of the test compounds, such as 7b and 8, against all Gram-positive and Gram-negative bacteria. Compound 9a exerted potency of 102 and 98.8% inhibition zone, respectively compared to gentamicin as a reference standard against Gram-negative bacteria (Table 1).Table 1Antibacterial activity of synthesized compounds (zone of inhibition in diameter in mm)


	Tested microorganisms comp. no
	Gram positive bacteria inhibition zone diameter in mm and (%) value
	Gram negative bacteria inhibition zone diameter in mm and (%) value

	
                                Streptococcus pneumoniae
                              
	
                                Bacillus subtilis
                              
	
                                Pseudomonas aeruginosa
                              
	
                                Escherichia coli
                              

	St.
	Ampicillin
	Gentamicin

	23.8 ± 0.2
	32.4 ± 0.3
	17.3 ± 0.1
	19.9 ± 0.3

	
                                2
                              
	16.9 ± 0.58 (71.0%)
	18.2 ± 0.44 (56.2%)
	10.7 ± 0.34 (61.8%)
	11.9 ± 0.63 (59.8%)

	
                                3
                              
	12.9 ± 0.63 (54.2%)
	13.2 ± 0.58 (40.7%)
	11.8 ± 0.36 (67.2%)
	10.8 ± 0.44 (54.3%)

	
                                4
                              
	16.7 ± 0.54 (70.2%)
	17.4 ± 0.63 (53.7%)
	14.1 ± 0.52 (81.5%)
	13.2 ± 0.47 (66.3%)

	
                                5
                              
	19.3 ± 0.67 (81.1%)
	14.6 ± 0.57 (45.1%)
	13.6 ± 0.42 (78.6%)
	14.5 ± 0.54 (72.9%)

	
                                6
                              
	16.5 ± 0.78 (69.3%)
	17.7 ± 0.63 (54.6%)
	14.2 ± 0.56 (82.1%)
	15.7 ± 0.52 (78.9%)

	
                                7a
                              
	18.2 ± 0.44 (76.5%)
	20.3 ± 0.35 (62.7%)
	17.1 ± 0.34 (98.8%)
	20.3 ± 0.29 (102%)

	
                                7b
                              
	23.8 ± 0.2 (100%)
	32.4 ± 0.3 (100%)
	17.3 ± 0.1 (100%)
	19.9 ± 0.3 (100%)

	
                                8
                              
	23.8 ± 0.2 (100%)
	32.4 ± 0.3 (100%)
	17.3 ± 0.1 (100%)
	19.9 ± 0.3 (100%)

	
                                9
                              
	16.4 ± 0.52 (68.9%)
	13.9 ± 0.39 (42.9%)
	13.2 ± 0.38 (76.3%)
	12.8 ± 0.38 (64.3%)

	
                                10
                              
	12.8 ± 0.34 (53.8%)
	15.4 ± 0.53 (47.5%)
	11.9 ± 0.32 (67.8%)
	11.6 ± 0.35 (58.3%)

	
                                11a
                              
	14.6 ± 0.58 (61.3%)
	14.3 ± 0.58 (44.1%)
	10.2 ± 0.32 (59.0%)
	9.4 ± 0.44 (47.2%)




                           


Structure activity relationship (SAR)
The main objective of this study is to investigate the effect of changing the substituent at position-2 of the thiophene ring on the activity of against the various microbial species. Thus, the structure variability was only targeted in side chain groups. Observed activity reflected the importance of heterocycle side chain. Upon changing enaminone group in compound 1 into a pyridine side chain derivatives in compounds 7a, 7b and 8, the antimicrobial activity was highly improved.


Conclusions
In summary, we have synthesized a number of new thiophene-containing compounds. The newly synthesized compounds were characterized by means of a number of spectroscopic techniques and by elemental analysis. The prepared compounds were tested in vitro for their antibacterial and antifungal activity. Results revealed that changing the substituents at position-2 of thiophene ring significantly affect their biological activity. The pyridine side chain derivatives in compounds 7a, 7b and 8 showed excellent antimicrobial activity.
Experimental section
General experimental procedures
All chemicals used were obtained from commercial sources, including Sigma-Aldrich (St. Louis, MO, USA), and were used as received without further purification, unless otherwise stated. Melting points were measured on a Gallenkamp melting point apparatus (Thermo Fisher Scientific, Paisley, UK) in open glass capillaries and are uncorrected. Infrared spectra (IR) were recorded using the KBr disc technique on a Perkin Elmer FT-IR spectrophotometer 1000 (PerkinElmer, Waltham, MA, USA). 1H- and 13C-NMR spectra were obtained with either a JEOL ECP 600 NMR spectrometer (Tokyo, Japan) operating at 600 MHz z in deuterated chloroform (CDCl3) or dimethyl sulfoxide (DMSO-d6). Chemical shifts are expressed in δ units and J-coupling constants are given in Hz. Mass spectra were acquired with the aid of a Shimadzu GCMS-QP 1000 EXmass spectrometer (Tokyo, Japan) at 70 eV. Elemental analysis was carried out on a Perkin Elmer 2400 elemental analyzer; CHN mode. Biological evaluations of the products were carried out at the medical mycology laboratory of the regional center for mycology and biotechnology of Al-Azhar University, Cairo, Egypt.
Synthesis of compound 2 and 3
                              
To a solution of compound 1 (0.358 g, 1 mmol) in absolute ethanol (15 mL) was added 3-amino-1H-1,2,4-triazoleor 2-aminobenzimidazole (1 mmol) in presence of two drops of triethyl amine and zinc chloride (0.2 g) as a catalyst. The mixture was heated to boiling under reflux for 6 h. the solid product was filtered while hot to afford the desired products in pure form.

Ethyl 5-([1, 2, 4] triazolo[1,5-a]pyrimidin-7-yl)-4-methyl-2-(phenylamino)thiophene-3-carboxylate (2)
Deep yellow powder in 45% yield, mp > 300 °C. IR (KBr, cm−1) νmax = 3430 (NH), 1628 (C=O), 1547 (C=N). 1H NMR spectrum was not recorded due to insolubility in common solvents. MS (EIMS) m/z: 379 (M+, 95), 320 (10), 237 (100), 204 (25), 190 (12), 172 (10), 128 (10), 84 (7). Anal. Calcd. for C19H17N5O2S (379.44); C, 60.14; H, 4.52; N, 18.46. Found: C, 60.02; H, 4.34; N, 18.28%.

Ethyl 5-(benzo [4, 5] imidazo[1,2-a]pyrimidin-4-yl)-4-methyl-2-(phenylamino)thiophene-3-carboxylate (3)
Deep yellow powder, yield (25%); mp > 300 °C. IR (KBr, cm−1) νmax = 3328 (NH), 1632 (C=O), 1553 (C=N). 1H-NMR (600 MHz, DMSO-d
                                 
                        6
                      )δ (ppm): 1.36 (t, 3H, J = 6.1 Hz, CH2CH
                                 3), 2.62 (s, 3H, CH3), 4.32 (q, 2H, J = 6.1 Hz, CH
                                 2CH3), 6.32 (d, 1H, J = 4.5 Hz), 6.89–7.60 (m, 10H, Ar–H), 10.13 (s, 1H, NH–Ph). MS (EIMS) m/z: 427 (M+, 30), 280 (20), 144 (25), 120 (100), 92 (60), 65 (23). Anal. Calcd. for C24H20N4O2S (428.51); C, 67.27; H, 4.70; N, 13.08. Found: C, 67.20; H, 4.91; N, 13.23%.

Ethyl 5-([1, 2, 4] triazolo[5,1-c] [1, 2, 4] triazine-3-carbonyl)-4-methyl-2-(phenylamino)-thiophene-3-carboxylate (4)
This compound was prepared by dissolving enaminone 1 (0.358 g, 1.0 mmol) in pyridine (10 mL) with continuous stirring at 5–10 °C. Then 1H- [1, 2, 4] triazole-5-diazonium nitrate, prepared from reaction of 3-amino- 1H-1,2,4-triazol (0.084 g, 1 mmol) with conc. HNO3 (1 mL) in an ice bath, was added drop-wise with stirring at 5 °C. Stirring was continued for 1 h and the mixture was allowed to warm up to room temperature. The mixture was stirred for 2 more hours. The solid was filtered, washed with water, and recrystallized from 1-butanol to afford the desired product, as pale brown needles, in 99% yield. Mp 140–142 °C.IR (KBr, cm−1) νmax = 3260 (NH),1658 (C=O), 1593 (C=N),. 1H-NMR (CDCl3) δ (ppm): 1.44 (t, 3H, J = 6.1 Hz, CH2CH
                                 3), 2.61 (s, 3H, CH3), 4.42 (q, 2H, J = 6.1 Hz, CH
                                 2CH3), 7.08–7.43 (m, 5H, Ar–H), 8.52 (s, 1H, HC=), 8.76 (s, 1H, HC=), 10.57 (s, 1H, NH–Ph).13C-NMR (CDCl3) δ (ppm): 14.4 (CH2
                                 CH
                                 
                        3
                      ), 18.3 (CH3), 60.8 (CH
                                 
                        2
                      CH3), 106.6, 109.0, 110.3, 120.2 (2C), 124.8, 129.8 (2C), 139.8, 142.8, 143.6, 153.4, 155.2, 156.1 (Ar–C), 163.5 (C=O for ester), 166.6 (C=O). MS (EIMS) m/z: 408 (M+, 60), 288 (30), 257 (25), 213 (40), 194 (100), 165 (45), 77 (45). Anal. Calcd. for C19H16N6O3S (408.44): C, 55.87; H, 3.95; N, 20.58. Found: C, 55.64; H, 3.76; N, 20.42%.

Ethyl 4-methyl-5-(3-oxo-2-(2-phenylhydrazono)propanoyl)-2-(phenylamino)thiophene-3-carboxylate (5)
The title compound was prepared according to the following procedure: In a 100–mL Erlenmeyer flask, the diazonium salt benzenediazonium chloride, prepared from aniline (0.0279 mL), hydrochloric acid, and sodium nitrite (0.5 g in water), was added drop-wise to a solution of compound 1 in absolute ethanol (15 mL) at 0 °C. The mixture was stirred for 2 h and then left in a refrigerator for 2 more hours. The solid product was collected and recrystallized from ethanol to afford the desired product as a reddish brown powder. Yield (31%); mp > 300 °C.IR (KBr, cm−1) νmax = 3450 (br. NH), 1706 (C=O), 1650 (C=O), 1594 (C=N). 1H-NMR (600 MHz, CDCl3) δ (ppm): 1.25 (t, 3H, J = 6.1 Hz, CH2CH
                                 3), 2.67 (s, 3H, CH3), 4.21 (q, 2H, J = 6.1 Hz, CH
                                 2CH3), 7.00–7.32 (m, 10H, Ar–H), 9.94 (s, 1H, NH–Ph) 10.37 (s, 1H, NH–Ph), 14.34 (s, 1H, CHO). 13C-NMR (150 MHz, CDCl3) δ (ppm): 13.9 (CH2CH
                                 3), 17.1 (CH3), 60.2 (CH
                                 2CH3), 112.5 (C=N), 108.8, 116.3 (2C), 119.8, 120.0 (2C), 124.2, 125.6, 129.2 (2C), 129.2 (2C), 132.5, 140.7, 150.0, 164.2 (Ar–C), 167.0 (C=O) for ester, 180.9 (C=O), 189.0 (C=O for aldehyde).MS (EIMS) m/z: 435 (M+, 100), 268 (25), 239 (20), 186 (28), 173 (21), 147 (22), 121 (10), 83 (10). Anal. Calcd. for C23H21N3O4S (435.50): C, 63.43; H, 4.86; N, 9.65. Found: C, 63.53; H, 4.80; N, 9.41.

Ethyl 5-(5-cyano-6-imino-1-phenyl-1,6-dihydropyridazine-3-carbonyl)-4-methyl-2-(phenylamino)thiophene-3-carboxylate(6)
This compound was prepared by condensation of compound 5 (0.211 g, 1 mmol) with malonitrile (0.033 g, 0.5 mmol) in ethanol (10 mL). The mixture was heated to boiling under reflux for 6 h and the solid product was collected by filtration of hot mixture to afford the desired product as a deep green powder. Yield (98%); mp > 300 °C. IR (KBr, cm−1) νmax = 3449, 3366 (NH), 2197 (CN), 1706 (C=O), 1595 (C=O), 1551 (C=N). 1H-NMR (600 MHz, CDCl3) δ (ppm): 1.25 (t, 3H, J = 6.1 Hz, CH2CH
                                 3), 2.67 (s, 3H, CH3), 4.21 (q, 2H, J = 6.1 Hz, CH
                                 2CH3), 7.19–7.61 (m, 10H, Ar–H), 8.01 (s, 1H, =N–H), 8.49 (s, 1H, pyridazine-H), 10.66 (s, 1H, NH–Ph). MS (EIMS) m/z: 483 (M+, 80), 445 (100), 399 (28), 272 (30), 327 (45), 255 (15), 209 (12), 181 (10). Anal. Calcd. for C26H21N5O3S (483.55), C, 64.58; H, 4.38; N, 14.48. Found: C, 64.38; H, 4.26; N, 14.19%.

Synthesis of compounds 7a,b
                              
These two compounds were prepared by the reaction of compound 1 (0.358 g, 1 mmol) with acetylacetone or ethylacetoacetate (1 mmol) in acetic acid (10 mL) in presence of ammonium acetate (0.20 g). The mixture was then heated under reflux to boiling for 3 h. The precipitate was collected by hot filtration and washed with ethanol to afford the desired product 7a,b, respectively.

Ethyl 5-(5-acetyl-6-methylpyridin-2-yl)-4-methyl-2-(phenylamino)thiophene-3-carboxylate (7a)
Reddish brown powder, Yield (42%); mp 157–159 °C. IR (KBr, cm−1) νmax = 3450 (NH), 1705 (C=O), 1654 (C=O), 1587 (C=N). 1H-NMR (600 MHz,CDCl3) δ (ppm): 1.42 (t, 3H, J = 6.1 Hz, CH
                                 3CH2), 2.58 (s, 3H, CH3), 2.64 (s, 3H, CH3CO), 2.76 (s, 3H, CH3-pyridine), 4.35 (q, 2H, J = 6.1 Hz, CH3CH
                                 2), 7.01–7.42 (m, 5H, Ar–H), 7.98 (d, 1H, J = 8.4 Hz, CH-pyridine), 10.49 (s, 1H, NH). MS (EIMS) m/z: 394 (M+, 100). Anal. Calcd. for C22H22N2O3S (394.49): C, 66.98; H, 5.62; N, 7.10. Found: C, 66.79; H, 5.50; N, 6.97%.

6-4-Ethoxycarbonyl-3-methyl-5-phenylamino-thiophen-2-yl)-2-methyl-nicotinic acid ethyl ester (7b)
Bright orange needles. Yield (62%); mp 112–114 °C. IR (KBr, cm−1) νmax = 3451 (NH), 1715 (C=O), 1656 (C=O), 1583 (C=N). 1H-NMR (600 MHz, CDCl3) δ (ppm): 1.39 (t, 3H, J = 6.1 Hz, CH2CH
                                 3), 1.43 (t, 3H, J = 6.1 Hz, CH2CH
                                 3), 2.46 (s, 3H, CH3), 2.75 (s, 3H, CH3), 4.36 (q, 2H, J = 6.1 Hz, CH
                                 2CH3), 4.37 (q, 2H, J = 6.1 Hz, CH
                                 2CH3), 7.15–7.42 (m, 6H, Ar–H), 8.18 (d, 1H, J = 8.4 Hz), 10.62 (s, 1H, NH–Ph). 13C-NMR (150 MHz, CDCl3) δ (ppm): 14.3, 14.4 (CH2
                                 CH3), 16.8 (CH3), 30.3 (CH3-pyridine), 60.2, 60.7 (CH2CH3), 109.5, 110.0, 119.7, 120.3, 123.7, 124.7, 129.7, 138.8, 139.7, 146.0, 155.0, 161.6, 162.9 (Ar–C), 166.5, 167.0 (C=O). MS (EIMS) m/z: 425 (M++1, 25), 259 (90), 167 (40), 139 (100), 97 (60), 43 (85). Anal. Calcd. for C23H24N2O4S (424.51):C, 65.07; H, 5.70; N, 6.60. Found: C, 64.89; H, 5.56; N, 6.48%.

Ethyl 5-(6-(4-(ethoxycarbonyl)-3-methyl-5-(phenylamino)thiophen-2-yl)nicotinoyl)-4-methyl-2-(phenylamino)thiophene-3-carboxylate (8)
This compound was prepared according to the following procedure: To a solution of compound 1 (0.358 g, 1 mmol) in glacial acetic acid (10 mL) in a 100 mL-flask with a condenser was added ammonium acetate (0.5 g). The mixture was heated to boiling for 5 h. The solid was filtered while hot to afford the desired product as reddish brown powder. Yield (54%); mp 108–110 °C. IR (KBr, cm−1) νmax = 3451 (NH), 1706 (C=O), 1658 (C=O), 1593 (C=N). 1H-NMR (600 MHz, CDCl3) δ (ppm): 1.41 (t, 3H, J = 6.1 Hz, CH2CH
                                 3), 1.42 (t, 3H, J = 6.1 Hz, CH2CH
                                 3), 2.45 (s, 3H, CH3), 2.58 (s, 3H, CH3), 4.36 (q, 2H, J = 6.1 Hz, CH
                                 2CH3), 4.39 (q, 2H, J = 6.1 Hz, CH
                                 2CH3), 7.12–7.67 (m, 5H, Ar–H), 8.18 (d, 1H), 8.36 (d, 1H), 9.01 (s, 1H), 10.75 (s, 1H, NH–Ph), 10.78 (s, 1H, NH–Ph). 13C-NMR (125 MHz, CDCl3) δ (ppm): 14.4, 14.4 (CH3CH2), 18.3, 18.4 (CH3), 60.8, 61.0 (CH3
                                 CH2), 110.3, 110.6, 120.5, 120.6, 124.6, 124.9, 125.4, 129.6, 129.7, 129.9, 130.0, 139.3, 139.4, 139.5, 141.1, 142.0, 147.4, 149.0, 164.4, 165.0, 166.9 (Ar–C), 166.9, 167.0 (C=O) for ester, 187.5 (C=O). MS (EIMS) m/z: 625 (M+ , 5), 321 (100), 292 (20), 122 (15), 126 (20), 83 (35). Anal. Calcd. for C34H31N3O5S2 (625.76); C, 65.26; H, 4.99; N, 6.72; Found: C, 65.09; H, 4.76; N, 6.57%.

Ethyl 4-methyl-2-(phenylamino)-5-(4,4,4-triethoxybut-2-enoyl)thiophene-3-carboxylate (9)
Fusion of enaminone 1 with triethylorthoformate in the presence of ZnCl2 gave compound 9. Deep brown powder. Yield (55%); mp 210–212 °C. IR (KBr, cm−1) νmax = 3450 (NH), 1705, 1680 (2C=O),1591 (C=O). 1H-NMR (600 MHz, CDCl3) δ (ppm): 1.39 (t, 9H, J = 6.1 Hz, 3CH2CH
                                 3), 1.40 (t, 3H, J = 6.1 Hz, CH2CH
                                 3), 2.17 (s, 3H, CH3), 4.35 (q, 6H, J = 6.1 Hz, 3CH
                                 2CH3), 4.36 (q, 2H, J = 6.1 Hz, CH
                                 2CH3), 5.39 (d, 1H, J = 12.1 Hz, CH=CH), 7.10–7.51 (m, 5H, Ar–H), 7.69 (d, 1H, J = 12.1 Hz, CH=CH), 10.51 (s, 1H, NH–Ph). 13C-NMR (125 MHz, CDCl3) δ (ppm): 14.4 (CH2CH
                                 3), 16.1 (CH2CH
                                 3), 16.9 (CH3), 57.6 (OCH
                                 2CH3), 60.3 (CH
                                 2CH3), 95.2, 153.0 (CH=CH), 109.7, 113.1, 119.7, 122.4, 123.8, 129.5, 140.3, 141.5, 160.7 (Ar–C), 167.2, 182.3 (C=O). MS (EIMS) m/z: 461 (M+, 6), 446 (30), 306 (100), 260 (40), 232 (70), 189 (65), 174 (60), 148 (52), 136 (55), 91 (80). Anal. Calcd. for C24H31NO6S (461.57); C, 62.45; H, 6.77; N, 3.03. Found: C, 62.29; H, 6.54; N, 3.12%.

Ethyl 5-(3-(hydroxyamino)acryloyl)-4-methyl-2-(phenylamino)thiophene-3-carboxylate (10)
This compound was prepared by addition of hydroxylamine hydrochloride (0.07 g, 1 mmol) to a solution of compound 1 (0.358 g, 1 mmol) in absolute ethanol (15 mL), in presence of anhydrous potassium carbonate (0.14 g, 1 mmol). The mixture was heated to boiling under reflux for 4 h. The solid product was filtered while hot and washed with ethanol to afford the desired product as bright brown powder. Yield (48%); mp > 300 °C. IR (KBr, cm−1) νmax = 3427 (OH, NH), 1705 (ester C=O), 1655 (C=O). 1H-NMR (600 MHz, DMSO-d
                                 
                        6
                      ) δ (ppm): 1.42 (t, 3H, J = 6.1 Hz, CH2CH
                                 3), 2.59 (s, 3H, CH3), 4.38 (q, 2H, J = 6.1 Hz, CH
                                 2CH3), 6.22 (d, 1H, J = 12.1 Hz, CH=CH), 7.08 (s, 1H, NH), 7.12–7.41 (m, 5H, Ar–H), 7.43 (s, 1H, NH–Ph), 8.24 (d, 1H, J = 12.1 Hz, CH=CH), 10.44 (s, 1H, OH). MS (EIMS) m/z: 346 (M+, 81), 287 (20), 255 (15), 228 (75), 195 (15), 169 (30), 113 (30), 91 (100). Anal. Calcd. for C17H18N2O4S (346.40): C, 58.95; H, 5.24; N, 8.09. Found: C, 58.76; H, 5.08; N, 7.94%.

3.9. Ethyl 5-(3-((4-chlorophenyl)amino)acryloyl)-4-methyl-2-(phenylamino)thiophene-3-carboxylate(11a)
This compound was prepared as a yellow powder by addition of p-chloroaniline (0.127 g, 1 mmol) to a solution of 1 in absolute ethanol (15 mL) and the mixture was heated under reflux for 6 h. The product was filtered while hot to afford compound 11a. Yield (40%); mp 110–112 °C. IR (KBr, cm−1) νmax = 3450 (NH), 1645 (C=O), 1624 (C=O). 1H-NMR (600 MHz, DMSO-d
                                 
                        6
                      ) δ (ppm): 1.32 (t, 3H, J = 6.1 Hz, CH2CH
                                 3), 2.62 (s, 3H, CH3), 4.29 (q, 2H, J = 6.1 Hz, CH
                                 2CH3), 5.30 (d, 1H, J = 12.1 Hz, HC=CH),5.32 (d, 1H, J = 12.1 Hz, HC=CH), 7.15–7.59 (m, 9H, Ar–H), 10.03 (s, 1H, NH–Ph) 10.14 (s, 1H, NH–Ph). 13C-NMR (150 MHz, DMSO-d
                                 
                        6
                      ) δ (ppm): 14.7 (CH2CH
                                 3), 16.9 (CH3), 60.7 (CH
                                 2CH3), 94.3 (HαC=), 109.8, 120.5, 121, 123.4, 124.3, 124.8, 130.2, 130.2, 139.6, 139.8, 140.9, 160.1 (Ar–C), 153.7 (=βCH), 166.4 (O–C=O), 180.6 (C=O). MS (EIMS) m/z: 440 (M+, 79), 314 (100%). Anal. Calcd. for C23H21ClN2O3S (440.94) C, 62.65; H, 4.80; N, 6.35. Found: C, 62.43; H, 4.67; N, 6.19%.

Ethyl 4-methyl-2-(phenylamino)-5-(3-(p-tolylamino)acryloyl)thiophene-3-carboxylate (11b)
This compound was prepared as a deep grey powder by following the same procedure used to prepare compound 11a and by using m-anisidine (0.123 g, 1 mmol) instead of p-chloroaniline. Yield(74%); mp 179–180 °C.IR (KBr, cm−1) νmax = 3419, 3240 (NH), 1705 (C=O), 1659 (C=O). 1H-NMR (600 MHz, CDCl3) δ (ppm): 1.41 (t, 3H, J = 6 Hz, CH2CH
                                 3), 2.46 (s, 3H, CH3), 2.73 (s, 3H, CH3), 4.28 (q, 2H, J = 6.0 Hz, CH
                                 2CH3), 6.86 (d, 1H, J = 9.0 Hz, =βCH), 5.32 (d, 1H, J = 12.0 Hz, αCH), 7.07–7.43 (m, 9H, Ar–H), 10.59, 10.62 (2 s, 2H, NH). Anal. Calcd. for C24H24N2O3S (420.53) C, 68.55; H, 5.75; N, 6.66. Found: C, 68.28; H, 5.56; N, 6.52%.

Agar diffusion medium
All compounds were screened in vitro for their antimicrobial activity by using the agar diffusion method [29]. A suspension of the organisms was added to sterile nutrient agar media at 45 °C and the mixture was transferred to sterile Petri dishes and allowed to solidify. Holes of 6 mm in diameter were made using a cork borer. The samples of the test compounds as well as reference drugs were dissolved in DMSO to give a solution of 5 mg mL−1. The amount tested compounds or reference drugs was 100 µL. Dimethylsulfoxide (DMSO) was used as a negative control. The plates were left for 1 h at room temperature as a period of pre-incubation diffusion to minimize the effects of variation in time between the applications of the different solutions. The plates were then incubated at 37 °C for 24 h and observed for antimicrobial activity. The diameters of inhibition zone were measured and compared with that of the reference drug. The observed inhibition zones were measured in millimeter beyond well diameter. Also, the percentage value of inhibition zones compared to reference drugs were recorded (Tables 1, 2).Table 2Antifungal activity of synthesized compound (zone of inhibition in diameter in mm)


	Tested microorganisms comp. no
	Fungi
Inhibition zone diameter in mm and (%) value

	
                                  Aspergillus fumigates
                                
	
                                  Syncephalastrum racemosum
                                
	
                                  Geotricum candidum
                                
	
                                  Candida albicans
                                

	St.
	Amphotericin B

	23.7 ± 0.1
	19.7 ± 0.2
	28.7 ± 0.2
	25.4 ± 0.1

	
                                  2
                                
	15.7 ± 0.33 (66.2%)
	13.8 ± 0.25 (70.1%)
	18.3 ± 0.34 (64.8%)
	15.2 ± 0.53 (59.8%)

	
                                  3
                                
	18.7 ± 0.36 (78.9%)
	16.9 ± 0.27 (85.8%)
	13.4 ± 0.65 (46.7%)
	10.9 ± 0.23 (42.9%)

	
                                  4
                                
	16.3 ± 0.53 (68.8%)
	13.4 ± 0.49 (68.0%)
	15.9 ± 0.71 (55.4%)
	17.3 ± 0.62 (68.1%)

	
                                  5
                                
	15.9 ± 0.62 (67.1%)
	18.9 ± 0.58 (95.9%)
	19.1 ± 0.54 (66.6%)
	15.8 ± 0.38 (62.2%)

	
                                  6
                                
	18.2 ± 0.57 (76.8%)
	17.4 ± 0.6 (88.3%)
	17.8 ± 0.72 (62.0%)
	12.9 ± 0.37 (50.8%)

	
                                  7a
                                
	12.3 ± 0.39 (51.9%)
	17.2 ± 0.16 (87.3%)
	24.6 ± 0.58 (85.7%)
	12.7 ± 0.38 (50.0%)

	
                                  7b
                                
	23.7 ± 0.1 (100%)
	19.7 ± 0.2 (100%)
	28.7 ± 0.2 (100%)
	25.4 ± 0.1 (100%)

	
                                  8
                                
	23.7 ± 0.1 (100%)
	19.7 ± 0.2 (100%)
	28.7 ± 0.2 (100%)
	25.4 ± 0.1 (100%)

	
                                  9
                                
	14.9 ± 0.61 (62.9%)
	13.7 ± 0.42 (69.5%)
	15.9 ± 0.38 (55.4%)
	14.7 ± 0.52 (57.9%)

	
                                  10
                                
	17.3 ± 0.49 (73.0%)
	13.3 ± 0.39 (67.5%)
	14.6 ± 0.52 (50.9%)
	15.1 ± 0.48 (59.4%)

	
                                  11a
                                
	13.6 ± 0.25 (57.4%)
	11.7 ± 0.34 (59.4%)
	16.5 ± 0.58 (57.5%)
	13.4 ± 0.45 (52.8%)




                              




Authors’ contributions
All authors participate in each stage in the preparation of this manuscript like carried the literature study, designing part, designing of synthetic schemes, synthesis and purification of compounds. YNM, MSM and TAF did the final sequence alignment in the manuscript and drafted the manuscript. All authors read and approved the final manuscript.
Acknowledgements
The authors extend their sincere appreciation to the Deanship of Scientific Research at King Saud University for its funding this Prolific Research group (PRG-1437-29).

Competing interests
The authors declare that they have no competing interests.

Availability of data and materials
All samples of the synthesized compounds as well as their data are available from the authors.

Ethics approval and consent to participate
All authors approval and consent to the publication.

Funding
Prolific Research group (PRG-1437-29) from King Saud University.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.


[image: Creative Commons]
                           Open AccessThis article is distributed under the terms of the Creative Commons Attribution 4.0 International License (http://​creativecommons.​org/​licenses/​by/​4.​0/​), which permits unrestricted use, distribution, and reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver (http://​creativecommons.​org/​publicdomain/​zero/​1.​0/​) applies to the data made available in this article, unless otherwise stated.

References
1.
Riyadh S, Abdelhamid IA, Al-Matar HM, Hilmy NM, Elnagdi MH (2008) Enamines as precursors to polyfunctional heteroaromatic compounds; a decade of development. Heterocycles 75:1849–1905Crossref

2.
Abu Shanab FA, Sherif SM, Mousa SA (2009) Dimethylformamide dimethyl acetal as a building block in heterocyclic synthesis. J Heterocycl Chem 46:801–872Crossref

3.
Shawali AS (2012) Bis-Enaminones as versatile precursors for terheterocycles: synthesis and reactions. ARKIVOC 1:383–431

4.
Wang F, Jin L, Kong L, Li X (2017) Cobalt(III)- and rhodium(III)-catalyzed C–H amidation and synthesis of 4-quinolones: C–H activation assisted by weakly coordinating and functionalizable enaminone. Org Lett 19(7):1812–1815Crossref

5.
Mabkhot YN, Kaal NA, Alterary S, Al-Showiman SS, Barakat A, Ghabbour HA, Frey W (2015) Synthesis, in-vitro antibacterial, antifungal, and molecular modeling of potent anti-microbial agents with a combined pyrazole and thiophene pharmacophore. Molecules 20:8712–8729Crossref

6.
Sakamaki S, Kawanishi E, Koga Y, Yamamoto Y, Kuriyama C, Matsushita Y, Ueta K, Nomura S (2013) Synthesis and biological evaluation of thiophene-C-glucosides as sodium-dependent glucose cotransporter 2 inhibitors. Chem Pharm Bull 61(10):1037–1043Crossref

7.
Chaudhary A, Jha KK, Kumar S (2012) Biological diversity of thiophene: a review. J Adv Sci Res 3(3):03–10

8.
Ansary AK, Omar HA (2001) Synthesis and anti -in fl amatory activity of some thieno [2,3d] pyrimidmone derivatives. Bull Fac Pharm 39:17

9.
Lepifre FF, Lena GR, Autier V, Kergoat M, Faveriel LR, Charon CG, Raynal SN, Audet AM (2015) Useful thiophene derivatives in the treatment of diabetes. United States patent application 20150197530

10.
Mongevega A, Aldama I, Robbani MM, Fernandez E (1980) The synthesis of 11H-1,2,4-triazolo [4,3-b] pyridazino [4,5-b] indoles, 11H-tetrazolo [4,5-b] pyridazino [4,5-b] indoles and 1,2,4-triazolo [3,4-f]-1,2,4-triazino [4,5-a]i ndoles. J Heterocycl Chem 17:77–80Crossref

11.
Mabkhot YN, Alatibi F, El-Sayed NNE, Kheder NA, Al-Showiman SS (2016) Synthesis and structure-activity relationship of some new thiophene-based heterocycles as potential antimicrobial agents. Molecules 21(8):1036Crossref

12.
Chen HJ, Wang Wl, Wang GF, Shi LP, Gu M, Ren YD, Hou LF (2008) Rational design and synthesis of 2,2-bisheterocycle tandem derivatives as non-nucleoside hepatitis B virus inhibitors. Med Chem 3:1316–1321

13.
Gotteland JP, Planty B, Junquero D, Delhon A, Halazy S (1998) Sulfonamide derivatives of benzylamine block cholesterol biosynthesis in HepG2 cells: a new type of potent squalene epoxidase inhibitors. Bioorg Med Chem Lett 8:1337–1342Crossref

14.
Hassan NA, Shawali AS, Abu-Zied KM, Osman DA (2013) Synthesis and antiviral evaluation of some new thieno[2,3-d]pyrimidine S-glycosides. J Appl Sci Res 9(1):833–842

15.
Valderrama JA, Espinoza O, Rodriguez J, Theoduloz C (2009) Synthesis and antitumor evaluation of thiophene analogs of kigelinone. Lett Org Chem 6:278–281Crossref

16.
Hassaneen H, Eid E, Eid H, Farghaly TA, Mabkhot Y (2017) Facial regioselective synthesis of novel bioactive spiropyrrolidine/pyrrolizine-oxindole derivatives via a three components reactions as potential antimicrobial agents. Molecules 22(3):357–371Crossref

17.
Dawood DH, Batran RZ, Farghaly TA, Khedr MA, Abdulla MM (2015) New coumarin derivatives as potent selective COX-2 inhibitors; synthesis, anti-inflammatory, QSAR and molecular modeling studies. Arch Pharm Chem Life Sci 348:875–888Crossref

18.
Farghaly TA, Abdallah MA, Masaret GS, Muhammad ZA (2015) New and efficient approach for synthesis of novel bioactive [1,3,4]thiadiazoles incorporated with 1,3-thiazole moiety. Eur J Med Chem 97:320–333Crossref

19.
Farghaly TA, Hassaneen HME, Elzahabi HAS (2015) Eco-friendly synthesis and 2D-QSAR study of novel pyrazolinesas potential anticolon cancer agents. Med Chem Res 24:652–668Crossref

20.
Awad HM, Fayad W, El-Hallouty SM, Farghaly TA, Abdallah MM (2016) Anticancer activity of some [1, 2, 4] triazepino[2,3-a] quinazoline derivatives: monolayer and multicellular spheroids in vitro models. Med Chem Res 25(9):1952–1957Crossref

21.
Farghaly TA, Abdallah MA, Muhammad ZA (2016) 2,7-Diarylidene-cycloheptanone, hydrazonoyl chlorides and heterocyclic amines as precursors for synthesis of bioactive new fused cycloheptapyrimidine derivatives. Curr Org Syn 13(2):291–299Crossref

22.
Al Majid AMA, Barakat A, Mabkhot YN, Al-Agamy MHM (2016) Synthesis, and characterization of a new series of sulfite and sulfate derivatives of D-Mannitol. J Saudi Chem Soc 20:307–312Crossref

23.
Tighadouni S, Radi S, Sirajuddin M, Akkurt M, Özdemir N, Ahmad M, Mabkhot YN, Ben Hadda T (2016) In vitro antifungal, anticancer activities and POM analyses of a novel bioactive schiff base 4-{[(E)-furan-2-ylmethylidene]amino}p-henol: synthesis, characterization and crystal structure. J Chem Soc Pak 38:157–165

24.
Farghaly TA, Abdallah MA, Mahmoud HK (2015) Synthesis of novel 1,2,4-triazoles and triazolo-thiadiazines as anticancer agents. Turk J Chem 39:955–969Crossref

25.
Mabkhot YN, Kaal NA, Alterary S, Al-Showiman SS, Barakat A, Ghabbour HA, Frey W (2015) Synthesis, in-vitro antibacterial, antifungal, and molecular modeling of potent anti-microbial agents with a combined pyrazole and thiophene pharmacophore. Molecules 20:8712–8729Crossref

26.
Elassar AA, El-Khair AA (2003) Recent developments in the chemistry of enaminones. Tetrahedron 59:8463–8480Crossref

27.
Mabkhot YN, Barakat A, Al-Majid AM, AlShahrani SA (2012) Comprehensive and facile synthesis of some functionalized bis-heterocyclic compounds containing a thieno[2,3-b]thiophene Motif. Int J Mol Sci 13:2263–2275Crossref

28.
Riyadh SM (2011) Enaminones as building blocks for the synthesis of substituted pyrazoles with antitumor and antimicrobial activities. Molecules 16:1834–1853Crossref

29.
Cruickshank R, Duguid JP, Marion BP, Swain RH (1975) A medicinal microbiology, vol 2, 12th edn. Churchill Livingstone, London, pp 196–202




OEBPS/A13065_2017_307_Sch2_HTML.gif
EtO

PhHN

9

B

CHy HiG

H

N-N

I\ ~N-cH BN
N

o
1

+ N

NE

pyridine

EtO

phin— |
s





OEBPS/sidebar.gif





OEBPS/cc-by.png
() _®





OEBPS/A13065_2017_307_Sch1_HTML.gif
N) O -
©: oo E pad &' T)d
N 4 I3
H

\ ~N~cH. N7 NH,
EoRnTEA PPN g EIOHTER
Reflux, 6h o Reflux, 6h
15% 1 i)
P CHy |, HiC
EtO 3 4 Ha
EtO CHs | HeG B N‘CHJ
N~
CH PRHN"~g -
PhHN" g 0 hen o)
JA HN Sy
HNTSN N=/
-NHMe,
H,0
NHMe,
“H,0 o

N

EtO: CHs
o
I\
55 Fta PRHN"~g” (7 \
I\
2

N,

NN
u
3 < §,N





OEBPS/A13065_2017_307_Sch3_HTML.gif
+ 0
CHy  HiC S
&o Y P Sei s .
N, 3
/\ ~Nem s
AN EtOH PhHN
) s S
|
i 5 0 HN_
Ph
CHy(CN),
EtOH
Reflux, 56 h

98 %






OEBPS/A13065_2017_307_Sch5_HTML.gif
EtO CHs  HiG
NH,OH.HCI ~N~cH,  CH(OEY,
EtOH/ PRHN L 2ZnCly/ Fusion, 2h
KzCOy anhydrous , NH(CHg),
Reflux 4n 58%
o CHy ArNH, P
R ~_NHOH EtOH/ZnCl, ~ E© St EtQ oFt
N reflux, 6h | N\~ OE
° PhHN 'S’
10 o ©
CH
EO 3 -
VA

PRHN" g






OEBPS/contact.gif





OEBPS/A13065_2017_307_Fig1_HTML.gif
R' = alkyl, aryl or hetaryl





OEBPS/A13065_2017_307_Sch4_HTML.gif
J\)l\ EtO CHj Hs(}
N AcOH / ACONH,
HyC X \ ~N~CH,

AcOH / AconH, PhHN™ g Reflux, 5h

Reflux, 3h . o} 54%






