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Abstract 

The risk elicited by the evolution of antimicrobial resistance, in addition to the annual increase in cancer rates, constitute the 

greatest threat to global health, which led to an urgent need to discover new molecules having potent antimicrobial and 

anticancer properties. Therefore, the present study involved with the synthesis of some new thieno[2,3-b]pyridine-based 

compounds 3a-c–6a,b via treatment of the starting 3-aminothienopyridine derivatives  2a,b with aryl isothiocyanates, maleic 

anhydride and cyclopentanone to afford the target 3-substituted-thienopyridine compounds 3a-c–5a,b. Also, the synthetic 

target cyclopentapyrido-thienopyridine-9-amines 6a,b were obtained upon treatment of the new 3-cyclopentylideneamino 

derivatives with phosphorous oxychloride.  All the target compounds were evaluated for their in vitro antimicrobial activity 

against a panel of five bacterial and five fungal strains.  Also, the cytotoxic potency of the target compounds was evaluated 

against two human cancer cell lines; hepatocellular carcinoma (HepG-2) and breast cancer cells (MCF-7). The new 

compounds showed promising antimicrobial and anticancer activities compared with the reference drugs. The most potent 

antimicrobial activity was revealed by 3c with MIC values range 4-16 μg/mL. While, the most potent cytotoxicity against 

both HepG-2 and MCF-7 cells was showed by 4b with IC50 values 3.12 µM and 20.55 µM, respectively.  
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1. Introduction 

In the present century, the risk of infectious 

diseases related to microbial resistance has increased 

at frightening levels, which representing a threat to 

global health [1, 2]. Many bacterial and fungal strains 

change over time and develop resistance to the 

current antibiotics making  infections harder to cure 

and no longer respond with  the antibiotics used to 

treat them [3, 4]. Antimicrobial resistance is 

predicted to be in the coming decades the direct cause 

of millions of deaths, unless urgent actions are taken 

for mitigating this risk [5, 6]. Accordingly, the 

discovery of new antimicrobial agents having 

different modes of action represents an important 

approach to counter the resistance mechanisms [7]. In 

addition, cancer represents a global health issue and 

ranks as a leading cause of death [8].  Liver and 

breast cancers are among the most common cancer 

types due to their high incidence and morbidity [9, 

10]. Moreover, the extensive side effects of 

anticancer drugs alongside the growing resistance of 

cancer cells against the common chemotherapy 

agents, are causing elevation of the mortality rate of 

cancer patients. Therefore, there is an urgent need to 

find new potent anticancer candidates having more 

selectivity and less toxicity than the present drugs 

[11, 12]. In addition, cancer patients due to their 

weakness and immunosuppression are subjected to 

great risk of the drug-resistant infections [13], which 

necessitates the discovery of new anticancer agents 

having dual activity against pathogenic microbes 

besides their cytotoxicity against cancer cells [14,15]. 

On the other hand, thieno[2,3-b]pyridine compounds 

attracted great interest due to their various 

pharmacological activities such as, anticancer 

[16,17], antimicrobial [18,19], anti-inflammatory 

[20], antiviral [21] and antiangiogenic [22] activities. 

Furthermore, many recent studies interested with the 

discovery of thieno[2,3-b]pyridine-based compounds 

as significant anticancer and antimicrobial candidates 

[23-25] (Fig. 1). Based on the foregoing, the present 
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study includes synthesis of new thieno[2,3-b]pyridine 

compounds 3a-c–5a,b carrying different structural 

motifs as, arylthioureido, 4-amino-4-oxobut-2-enoic 

acid and cyclopentylideneamino moieties, which 

renewed with their biological importance [26-28]. 

Moreover, the significant antimicrobial and 

anticancer activities of the reported tetracyclic 

cyclohexapyrido-thienopyridine derivatives [18, 29] 

gave the motive to synthesize and study the 

biological activity of the new tetracyclic 

cyclopentapyrido-thienopyridine compounds 6a,b. 

Next, all the compounds were evaluated as 

antimicrobial agents against five strains of gram-

positive and gram-negative bacteria along with five 

strains of yeast and fungi. Also, all the new 

compounds were screened as anticancer agents 

against hepatocellular carcinoma (HepG2) and breast 

cancer (MCF-7) cell lines.  

Fig. 1.  Some reported thieno[2,3-b]pyridine-based compounds as potential antimicrobial or anticancer agents. 

2. Result and discussion 

2.1. Chemistry 

This work includes synthesis of new thieno[2,3-

b]pyridine derivatives 3a-c–6a,b according to the 

synthetic routs illustrated in Scheme 1, 2. The 

molecular structures of all the target compounds were 

established by their correct elemental microanalyses 

and their IR, Mass and NMR spectral data. The 

starting compounds 3-aminothieno[2,3-b]pyridine-2-

carboxamides 2a,b were synthesized via a base 

catalyzed cyclization of 2-((3-cyano-pyridin-2-

yl)thio)acetamide derivatives 1a,b in refluxing 

NaOMe/MeOH solution [30]. Then, the 3-amino 

derivatives 2a,b were refluxed with benzoyl 

isothiocyanate and/or 4-methoxyphenyl 

isothiocyanate in ethanol to afford 3-arylthioureido-

thieno[2,3-b]pyridine-2-carboxamides 3a-c via 

nucleophilic addition of the amine NH2 on the N=C 

of the isothiocyanates, whereas the NH
–
  added on the 

C which has δ+ charge and the H
+
 added on the N 

which has δ- charge to give the thiourea derivatives. 
1
H NMR spectra of 3a-c showed two D2O 

exchangeable signals at the range δ11.12-12.86 ppm 

assignable to the two NH groups of the new 

arylthioureido moieties alongside the signals of the 

aromatic protons at their expected regions. Also, the 

signal at δ 3.71 ppm in the 
1
H NMR spectrum of 3-(4-

methoxyphenyl)thioureido) derivative 3c assisted the 

presence of OCH3 group of the 4-methoxyphenyl 

moiety. Moreover, the 
13

C NMR spectra of 3a-c 

showed the signals of the parent carbons, the signals 

corresponding to the carbons of the new aryl 

moieties, and gave additional support to their 

structures with the signal of the C=S carbon at the 

range δ 180.5-1181.64 ppm. Additionally, the 
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synthetic target 4a,b were obtained by reaction of  

2a,b with maleic anhydride in glacial acetic acid. The 

reaction occurred via attacking of the NH2 nitrogen of 

2a,b on the lactone carbonyl of maleic anhydride, 

which causes ring opening and the formation of the 

4-((2-carbamoyl-thieno[2,3-b]pyridin-3-yl)amino)-4-

oxobut-2-enoic acids 4a,b (Scheme 1). IR spectra of 

the acid derivatives 4a and 4b exhibited broad 

absorption bands at 3431 cm
-1

 and 3405 cm
-1

 due to 

the acid OH group, respectively, besides two strong 

absorption bands corresponding to the parent amide 

C=O and the carboxylic acid C=O groups at the 

region 1682-1642 cm
-1

. Also, 
1
H NMR spectra of 

4a,b showed two D2O exchangeable signals at the 

range δ 12.32-13.36 ppm representing NH and OH 

protons of the acid side chain alongside the signals 

related to CH=CH protons as doublet signals at the 

range δ 6.44-6.64 ppm. Moreover, the 
13

C NMR 

spectra of 4a,b revealed two signals at the range δ 

166.52-167.17 ppm of the new 2C=O carbons, which 

confirming the existence of the 4-oxobut-2-enoic acid 

moiety.

 

 
Scheme 1.  Synthesis of thieno[2,3-b]pyridine derivatives 3a-c;4a,b. 

 

Furthermore, the starting amines 2a,b underwent 

condensation reaction with cyclopentanone to yield, 

the Schiff bases, 3-(cyclopentylideneamino)-

thieno[2,3-b]pyridine2-carboxamide derivatives 5a,b. 

Whereas, subsequent treatment of 5a,b with refluxing 

POC13 afforded, through intramolecular cyclization, 

the tetracyclic cyclopenta[e]pyrido[3',2':4,5]thieno[3,2-

b]pyridin-9-amines 6a,b (Scheme 2). The proposed 

mechanism of the cyclization includes amide 

dehydration of the 2-carboxamide derivatives 5a,b 

with POC13 to form the 2-carbonitrile derivatives 

Xa,b as an intermediate products, which tautomerize 

to the enamines Ya,b. The enamines react 

intramolecular with the nitrile group in the acidic 

medium forming the hydrochloride salts Za,b, which 

afforded, during the work up with sodium hydroxide 

solution, the free tetracyclic amines 6a,b (Scheme 3). 

 

The presence of the   cyclopentylidene moiety of  

5a,b was confirmed by 
1
H NMR spectra, which 

revealed  multiplet signals at the range δ 1.34-2.06 

ppm assignable for the  4CH2 protons. Also, 
13

C 

NMR spectra of 5a,b showed three signals at the 

range δ 25.87-36.01 ppm related to the 4CH2 carbons 

of cyclopentylidene moiety. While, the absence of 

C=O band of the parent CONH2 at position-3 in IR 

spectra of the tetracyclic derivatives 6a,b supported 

the cyclization of 5a,b. In addition, 
1
H NMR spectra 

of 6a,b showed three signals corresponding to the 

protons of 3CH2 at δ 1.68-2.79 ppm, besides  a 

singlet D2O exchangeable signal related to the newly 

formed amine NH2 at δ 6.51 and 6.34 ppm, 

respectively. Further support to the structures of the 

new compounds 3a-c–6a,b was gained by their mass 

spectra, which representing the correct molecular ion 

peaks. 
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Scheme 2. Synthesis of thieno[2,3-b]pyridine-based compounds 5a,b;6a,b 

 

 

 
 

Scheme 3. A proposed mechanism of the cyclization of 5a,b to the tetracyclic amines 6a,b. 

 

2.2. In vitro Antimicrobial Evaluation 

The new theino[2,3-b]pyridine compounds (3a-c–

6a,b) were evaluated as antibacterial agents against 

three gram-positive bacteria (Staphylococcus aureus 

25923, Bacillus subtilis 6633, Bacillus cereus 33018) 

and two gram-negative bacteria (Escherichia coli 

8739, Salmonella typhimurium 14028) compared 

with the reference drug Amoxicillin trihydrate. 

Additionally, the antifungal activities of the new 

compounds were evaluated against three yeasts 

(Candida tropical 750, Candida albicans 10231, 

Saccharomycese cerevisiae) and two fungi 

(Aspergillus niger EM77, Aspergillus flavus) 

compared with clotrimazole as a reference drug. The 

determined values of diameter of inhibition zone 

(DIZ) in (mm) and the Minimum Inhibitory 

Concentration (MIC) values in (μg/mL) for the target 

compounds and the reference drugs against the tested 

bacterial and fungal strains were listed in Table 1 and 

Table 2, respectively. 

 

Structure activity relationship (SAR) 

     Based on the MIC values listed in Table 1, the 

target theino[2,3-b]pyridine derivatives showed a 

wide variety of antibacterial activities against the 

tested bacterial strains.  The 3-arylthioureido 

derivatives 3a-c revealed antibacterial activities 

varied from potent to weak with MIC values range 
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(8-128) μg/mL. The most potent activity was showed 

by 3-(4-methoxyphenyl)thioureido) derivative 3c 

with MIC values range (4-8) μg/mL, which equal to 

that of Amoxicillin against (S. aureus, B. subtilis and 

E. coli) and more potent than Amoxicillin against (B. 

cereus and S. typhimurium) with MIC value = 8 

μg/mL.  While, the 3-(3-benzoylthioureido)-6-

phenyl-4-(p-tolyl) derivative 3b exhibited potent to 

moderate activity with MIC values range (8-32) 

μg/mL and the 3-(3-benzoylthioureido)-4,6-dimethyl 

derivative 3a  gave lower activity  varied from 

moderate to weak against the five tested bacteria with 

MIC values range (32-128) μg/mL. In addition, the 4-

((2-carbamoyl-6-phenyl-4-(p-tolyl)thieno[2,3-

b]pyridin-3-yl)amino)-4-oxobut-2-enoic acid (4b) 

showed significant activity against the three tested 

gram-positive bacteria with MIC values range (8-16) 

μg/mL and exhibited the most potent activity against 

E. coli and S. typhimurium with MIC values 4 and 8 

μg/mL, respectively. However, the 4,6-dimethyl 

analogue 4a revealed weak activity against the five 

tested bacterial strains with MIC values range (64-

128) μg/mL. Also, It has been found that the 3-

(cyclopentylideneamino)-4-(p-tolyl)-6-phenyl 

derivative 5b is more potent than 4,6-dimethyl 

derivative 5a against the five bacterial strains, it 

showed antibacterial activity varied from moderate 

against the gram-positive bacteria to weak against the 

gram-negative bacteria with MIC values range (16-

64) μg/mL, while 5a was weak or inactive against the 

tested strains. The cyclization of 5a,b to afford the 

tetracyclic derivatives 6a,b led to limited increase in 

the activity against some of the tested bacterial 

strains.  

  On the other hand, according to the MIC 

values listed in Table 2, the antifungal activity of 

the target thieno[2,3-b]pyridines against the tested 

yeasts and fungal strains is less potent than their 

activity against the tested bacterial strains. 

Whereas, the most potent activity was exhibited by 

3-(4-methoxyphenyl)thioureido) derivative 3c, the 

one of the most potent antibacterial activity, with 

MIC values range (8-16) μg/mL. The activity of 3c 

equalized with that of Clotrimazole against four of 

the tested strains but it showed less activity  against 

C. tropical with MIC value = 16 μg/mL compared 

with the MIC value = 8 μg/mL of Clotrimazole. Also, 

4-oxobut-2-enoic acid derivative 4b showed 

antifungal activity against A. flavus and A. niger 

equal in potency to Clotrimazole with MIC values = 

8 μg/mL, while its activity against yeasts strains 

ranging from potent against S. cerevisiase to 

moderate against C. albicans and C. tropical with 

MIC values range (16-32) μg/mL.  

The target compounds 3a,b and 6a,b showed 

antifungal activities varied from moderate to weak 

with MIC values range (32-128) μg/mL.  While, the 

other compounds 4a, 5a and 5b showed weak or no 

activity against the tested fungal strains. 

Table 1: Antibacterial activities of the new compounds represented as DIZ values in mm and (MIC values in μg/mL). 

 

  

 

Compd. 

Gram-positive Bacteria Gram-negative Bacteria 

    S. aureus               B. subtilis              B. cereus  E. coli  S. typhimurium 

3a 

 

24 (32) 22 (64) 18 (128) 22 (64) 16 (128) 

3b 
 

28 (16) 30 (8) 24 (32) 30 (8) 30 (8) 

 3c  

  

30 (4) 32 (8) 31 (8) 29 (8) 29 (8) 

4a 

 

18 (64) 17 (128) 15 (128) 19 (64) 19 (64) 

4b 
 

26 (8) 23 (16) 24 (16) 30 (4) 30 (4) 

5a 

 

16 (128) 18 (128) – – – 

5b 

 

28 (16) 26 (32) 25(32) 19 (64) 19 (64) 

6a 
 

20 (64) 21 (64) 18 (128) - - 

6b 

 

28 (16) 25 (32) 27 (16) 24 (32) 24 (32) 

Amoxicillin 30 (4) 29(8) 28 (16) 27 (8) 28 (16) 
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Table 1: Antifungal activities of the new compounds represented as DIZ values in mm and (MIC values in μg/mL). 

 

2.3. In vitro Cytotoxic Activity Evaluation 

The in vitro cytotoxicity of the target thieno[2,3-

b]pyridine compounds 3a-c–6a,b was evaluated 

against two cancer cell lines (HepG-2 and MCF-7) 

compared with doxorubicin and cisplatin  as positive 

controls by using MTT  method. The IC50 values in 

μM (concentrations of the compounds that caused 

50% inhibition of cell viability) were determined for 

the tested compounds and the reference drugs and 

listed in (Table 3, Fig. 2).  

 

Structure activity relationship (SAR) 

The resultant data showed that, the tested 

compounds have cytotoxicity against HepG-2 cancer 

cells more potent than their cytotoxicity against 

MCF-7 cells. The most potent cytotoxicity against 

HepG-2 cell line revealed by the 4-oxobut-2-enoic 

acid derivative 4b of IC50 = 3.12 µM, which exceed 

the activity of doxorubicin of IC50 = 3.89 µM. Also, 

4b exhibited the most potent cytotoxic activity 

against MCF-7 cells of IC50 = 20.55 µM, which 

slightly more potent than cisplatin of IC50 = 20.70 

µM. Moreover, 3-(4-methoxyphenyl)thioureido) 

derivative 3c showed significant cytotoxicity, 

compared with the reference drugs, against HepG-2 

and MCF-7 cells with IC50s; 3.45, 20.61µM, 

respectively. The tetracyclic derivative 6b came after 

4b and 3c in the potency against HepG-2 and MCF-7 

cells with IC50s; 4.80, 25.20 µM, respectively. The 

other target compounds showed dramatic lowering in 

the cytotoxicity than the reference drugs against 

HepG-2 and MCF-7 cell lines with IC50 values range 

13.57-93.02 µM and 33.49-105.41µM, respectively. 

 

Table 1: In vitro cytotoxic activity of the target compounds represented as IC50 values (µM).  

 

Compd. 

Yeasts Fungi 

C. albicans C. tropicals S. cerevisiase A. flavus A. niger 

3a 
 

23 (32) 18 (64) 17 (128) 15 (128) 16 (128) 

3b 

 
18 (64) 19 (64) 25 (32) 18 (64) 15 (128) 

 3c  

  
29 (16) 28 (16) 33 (8) 29 (8) 32 (8) 

4a 
 

18 (128) 17 (128) 18 (128) – – 

4b 

 
14 (32) 25 (32) 29 (16) 30 (8) 29 (8) 

5a 

 
18 (128) 20 (64) – 15 (128) – 

5b 
 

– 19 (64) 20 (64) – 20 (64) 

6a 

 
20 (64) 23(32) 17 (64) 21 (64) 22 (64). 

6b 

 

24 (32) 25 (32) 26 (32) 20 (64) 25 (32) 

Clotrimazole 28 (16) 30 (8) 35 (8) 30 (8) 31 (8) 

 

 

Compd.            

                                                            IC50 (µM) 

HepG-2 MCF-7 

3a 

 

93.02 ± 2.71 

 

103.02 ± 2.76 

3b 

 

35.71 ± 1.34 105.41 ± 3.85 

3c 

 

3.45 ± 0.21 20.61 ± 0.56 

4a 

 

46.22  ± 1.14 87.33  ±2.42 

4b 

 

3.12 ± 0.16 20.55 ± 0.98 

5a 

 

56.43 ±1.93 61.58 ±1.61 
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Fig. 2.  The cytotoxicity of the new thieno[2,3-b]pyridines against HepG-2 and MCF-7 cell lines. 

3. Experimental 

3.1. Chemistry  

     All melting points are uncorrected and were taken 

in open capillary tubes using an Electro thermal 

IA9100 digital melting point apparatus. Elemental 

microanalyses were carried out at the the Micro 

Analytical Unit at Cairo University. Mass spectra 

(MS) were performed at 70 e.v by GCMS-QP1000 

EX spectrometer using the Electron Ionization 

Technique (EI) at Al-Azhar University, Cairo, Egypt. 

Infrared spectra were recorded in National Research 

Centre, by using the KBr disc technique on a Jasco 

FT/IR-360 plus Infrared spectrometer at the range 

(400- 4000 cm-1), made in Japan. 
1
H NMR and 

13
C 

NMR spectra were recorded on a Bruker High 

Performance Digital FT-NMR Spectrometer Advance 

III (400/100 MHz) and in the presence of TMS as the 

internal standard, Ain Shams University, Cairo, 

Egypt. Follow up of the reactions and checking the 

purity of the compounds were made by TLC on silica 

gel-precoated aluminum sheets (Type 60, F 254, 

Merck, Darmstadt, Germany) using 

chloroform/methanol (3:1, v/v) and the spots were 

detected by exposure to UV lamp at δ 254 nanometer 

for few seconds and by iodine vapor. The chemical 

names given for the prepared compounds are 

according to the IUPAC system. The starting 

compounds 3-amino-thieno[2,3-b]pyridine-2-

carboxamides (2a,b) were prepared as the reported 

method [30].
 

Synthesis of 3-arylthioureido-thieno[2,3-

b]pyridine-2-carboxamides 3a-c 

A mixture of compounds 2a,b (1 mmol) and benzoyl 

or p-methoxyphenyl isothiocyanate (1 mmol) in 

absolute ethanol (20 mL) was refluxed for 6h. The 

reaction mixture was then evaporated till dryness 

under reduced pressure and the residue was treated 

with cold water. The formed solid was collected by 

filtration and recrystallized from ethanol to give 

compounds 3a-c 

5b 

 

13.57 ± 0.89 33.49 ± 1.77 

6a 

 

30.71 ± 1.63 46.72 ± 1.45 

6b 

 

4.80 ± 0.36 25.20 ± 1.02 

Doxorubicin 

 

3.89 ± 0.32 3.58  0.41 

Cisplatin --- 20.70 ± 0.83 
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3-(3-Benzoylthioureido)-4,6-dimethylthieno[2,3-

b]pyridine-2-carboxamide (3a) 

Yield 72%, brown powder, m.p. 261 °C; IR (KBr, 

υmax/cm
-1

): 3317, 3194 (NH), 3041 (CH-aromatic), 

2922 (CH-aliphatic), 1672, 1643 (C=O). 
1
H NMR 

(400 MHz, DMSO-d6, δ ppm): 2.61 (s, 3H, CH3), 

2.71 (s, 3H, CH3), 6.80 (s, 2H, NH2, D2O 

exchangeable), 7.02 (s, 1H, Ar-H), 7.29 (d, 2H, J = 

13.2 Hz, Ar-H), 7.50-7.88 (m, 3H, Ar-H), 11.24, 11.79 

(2s, 2H, 2NH, D2O exchangeable). 
13

C NMR (100 

MHz, DMSO-d6, δ ppm):19.24, 24.27 (2CH3), 122.51, 

123.04, 127.56, 127.98, 128.82, 133.15, 136.02, 

145.01, 156.94, 158.02 (Ar-C), 162.69, 167.88 (2 

C=O), 180.78 (C=S). MS, m/z (%): 384 (M
+.

, 48). 

Anal. Calcd. for C18H16N4O2S2 (384.47): C, 56.23; H, 

4.19; N, 14.57; S, 16.68%; Found: C, 55.95; H, 3.90; 

N, 14.32; S, 16.38%. 

3-(3-Benzoylthioureido)-6-phenyl-4-(p-

tolyl)thieno[2,3-b]pyridine-2-carboxamide (3b) 

Yield 78%, yellow powder, m.p. 235-236 °C; IR (KBr, 

υmax/cm
-1

): 3392, 3171 (2NH), 3041 (CH-aromatic), 

2919 (CH-aliphatic), 1668, 1643(C=O), 
1
H NMR (400 

MHz, DMSO-d6, δ ppm): 2.43 (s, 3H, CH3), 7.09 (s, 

2H, NH2, D2O exchangeable), 7.13-8.27 (m, 15H, Ar-

H), 11.19, 11.86  (2s, 2H, 2NH, D2O exchangeable). 
13

C NMR (100 MHz, DMSO-d6, δ ppm): 21.38 (CH3), 

119.61, 126.21, 127.54, 127.63, 127.90, 128.60, 

128.97, 129.36, 129.78, 130.19, 132.30, 133.33, 

133.52, 134.21, 137.72, 138.08, 148.31, 155.36, 

159.40 (Ar-C) 162.69, 167.88 (2 C=O) 181.64 (C=S). 

MS, m/z (%): 522 (M
+.

, 25). Anal. Calcd. for 

C29H22N4O2S2 (522.64): C, 66.65; H, 4.24; N, 10.72; S, 

12.27%; Found: C, 66.87; H, 4.52; N, 10.34; S, 

12.51%. 

3-(3-(4-Methoxyphenyl)thioureido)-6-phenyl-4-(p-

tolyl)thieno[2,3-b]pyridine-2-carboxamide (3c) 

Yield 76%, yellow powder, m.p. 220-221 °C; IR 

(KBr, υmax/cm
-1

): 3440, 3340, 3174, (NH), 3054 (CH-

aromatic), 2919, 2852 (CH-aliphatic), 1644 (C=O). 
1
H NMR (400 MHz, DMSO-d6, δ ppm): 2.43 (s, 3H, 

CH3), 3.71 (s, 3H, OCH3), 6.84 (s, 2H, NH2, D2O 

exchangeable), 7.24-8.36 (m, 14H, Ar-H), 11.12, 

11.71 (2s, 2H, NH, D2O exchangeable). 
13

C NMR 

(100 MHz, DMSO-d6, δ ppm): 21.36 (CH3), 55.94 

(OCH3), 114.32, 119.63, 125.98, 127.22, 127.61, 

127.95, 128.45, 129.37, 129.74, 129.98, 130.86, 

132.31, 133.22, 137.58, 138.04, 148.31, 155.36, 

159.40, 159.97 (Ar-C) 162.64 (C=O) 180.51 (C=S). 

MS, m/z (%): 524 (M
+.

, 62). Anal. Calcd. for 

C29H24N4O2S2 (524.66): C, 66.39; H, 4.61; N, 10.68; 

S, 12.22%; Found: C, 66.68; H, 4.79; N, 10.32; S, 

12.51%. 

Synthesis of 4-((2-carbamoyl-thieno[2,3-b]pyridin-

3-yl)amino)-4-oxobut-2-enoic acid 4a,b 

A mixure of 2a,b (5 mmol) and maleic anhydride ( 

0.49 g, 5 mmol) in glacial acetic acid (20 mL) was 

refluxed for1h, then the solvent was evaporated under 

vacuum. The oily residue was treated with CHCl3. 

The formed solid was collected by filtration and 

recrystallized from acetone to give 4a,b. 

(Z)-4-((2-Carbamoyl-4,6-dimethylthieno[2,3-

b]pyridin-3-yl)amino)-4-oxobut-2-enoic acid (4a) 

Yield 71 %, brown powder, m.p. 360-361 °C; IR 

(KBr, υmax/cm
-1

): 3405 (OH, broad), 3351, 3232, 

3179 (NH), 2920, 2854 (CH-aliphatic), 1670, 1642 

(C=O), 
1
H NMR (400 MHz, DMSO-d6, δ ppm): 2.59 

(s, 3H, CH3), 2.87 (s, 3H, CH3), 6.52, 6.64 (2d, 2H, J 

= 12.4 Hz, 2CH=), 7.09 (s, 1H, Ar-H), 7.19 (s, 2H, 

NH2, D2O exchangeable), 12.56 (s, 1H, NH, D2O 

exchangeable), 13.36 (broad s, 1H, OH, D2O 

exchangeable).
13

C NMR (100 MHz, DMSO-d6, δ 

ppm):19.21, 24.33 (2CH3), 113.11, 122.47, 122.99, 

137.12, 138.55, 144.98, 145.16, 156.97, 157.89 (Ar-

C, CH=CH), 162.51, 166.74, 167.09 (3C=O). MS, 

m/z (%): 319 (M
+.

, 25). Anal. Calcd. for 

C14H13N3O4S (319.34): C, 52.66; H, 4.10; N, 13.16; 

S, 10.04%; Found: C, 52.95; H, 4.41; N, 12.80; S, 

10.25%. 

(Z)-4-((2-Carbamoyl-6-phenyl-4-(p-tolyl)thieno[2,3-

b]pyridin-3-yl)amino)-4-oxobut-2-enoic acid (4b)  

Yield 72%, yellow powder, m.p. 345 °C; IR (KBr, 

υmax/cm
-1

): 3431(OH, broad), 3336, 3240, 3183 (NH), 

3065 (CH-aromatic), 2919 (CH-aliphatic), 1682, 

1647 (C=O), 
1
H NMR (400 MHz, DMSO-d6, δ 

ppm): 2.45 (s, 3H, CH3), 6.44 (d, 2H, J = 10.8 Hz, 

CH=CH), 7.21 (s, 2H, NH2, D2O exchangeable), 7.32 

(d, 2H, J = 6.0 Hz, Ar-H), 7.52-7.66 (m, 5H, Ar-H), 

8.02 (s, 1H, Ar-H), 8.27 (d, 2H, J = 4.4 Hz, Ar-H), 

12.32 (s, 1H, NH, D2O exchangeable), 13.08 (broad 

s, 1H, OH, D2O exchangeable). 
13

C NMR (100 MHz, 

DMSO-d6, δ ppm): 21.34 (CH3), 113.15, 118.09, 

119.43, 127.66, 128.01, 128.60, 129.31, 129.82, 

132.28, 133.37, 137.92, 138.17, 140.25, 144.92, 

149.97, 155.41, 159.37 (Ar-C, CH=CH), 162.47, 

166.52, 167.17 (3C=O). MS, m/z (%): 457 (M
+.

, 25). 

Anal. Calcd. for C25H19N3O4S (457.50): C, 65.63; H, 

4.19; N, 9.18; S, 7.01%; Found: C, 65.39; H, 3.95; N, 

9.44; S, 6.75%. 

Synthesis of 3-(cyclopentylideneamino)thieno[2,3-

b]pyridine-2-carboxamide 5a,b 
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A mixture of compounds 1a,b (5 mmol) and 

cyclopentanone (0.42 g, 5 mmol)  in glacial acetic 

acid (20 mL) was heated at 70 °C for 2 h. The 

reaction mixture was concentrated and poured onto 

cold water. The obtained solid was collected by 

filtration, washed with water, and recrystallized from 

dioxane to give compounds 5a,b. 

3-(Cyclopentylideneamino)-4,6-dimethylthieno[2,3-

b]pyridine-2-carboxamide (5a) 

Yield 75%, grey solid, m.p. 252 °C; IR (KBr, 

υmax/cm
-1

): 3345, 3226 (NH), 3033 (CH-aromatic), 

2924 (CH-aliphatic), 1646 (C=O). 
1
H NMR (400 

MHz, DMSO-d6, δ ppm): 1.71- 2.06 (m, 8H, 4CH2), 

2.50 (s, 3H, CH3), 2.68 (s, 3H, CH3), 7.07 (s, 1H, Ar-

H), 8.02 (s, 2H, NH2, D2O exchangeable).
 13

C NMR 

(100 MHz, DMSO-d6, δ ppm):19.25, 24.36 (2CH3), 

25.89 (2CH2), 31.92, 35.98 (2CH2), 122.41, 123.02, 

142.33, 144.95, 150.01, 156.98, 157.90, 161.45 (Ar-

C, C=N), 162.48 (C=O). MS, m/z (%): 287 (M
+.

, 77). 

Anal. Calcd. for C15H17N3OS (287.38): C, 62.69; H, 

5.96; N, 14.62; S, 11.16%; Found: C, 62.42; H, 5.71; 

N, 14.99; S, 11.38%.  

3-(Cyclopentylideneamino)-6-phenyl-4-(p-

tolyl)thieno[2,3-b]pyridine-2-carboxamide (5b) 

Yield 80%, yellow solid, m.p. 258-259 °C; IR (KBr, 

υmax/cm
-1

): 3409, 3180 (NH), 3043 (CH-aromatic), 

2920 (CH-aliphatic), 1644 (C=O), 
1
H NMR (400 

MHz, DMSO-d6, δ ppm): 1.34-1.87 (m, 8H, 4CH2), 

2.42 (s, 3H, CH3), 7.38 (d, 2H, J = 6.8 Hz, Ar-H), 

7.49-7.54 (m, 5H, Ar-H), 7.83 (s, 2H, NH2, D2O 

exchangeable), 8.06 (s, 1H, Ar-H), 8.21 (d, 2H, J = 

6.0 Hz, Ar-H). 
13

C NMR (100 MHz, DMSO-d6, δ 

ppm): 21.39 (CH3), 25.87(2CH2), 32.11, 36.01 

(2CH2), 119.43, 127.12, 127.69, 127.99, 128.57, 

129.27, 129.79, 132.31, 140.21, 145.01, 149.12, 

150.03, 155.47, 159.44, 161.07 (Ar-C, C=N), 162.33 

(C=O).MS, m/z (%): 425 (M
+.

, 25). Anal. Calcd. for 

C26H23N3OS (425.55): C, 73.38; H, 5.45; N, 9.87; S, 

7.53%; Found: C, 73.62; H, 5.69; N, 9.61; S, 7.89%. 

Synthesis of 7,8-dihydro-6H-

cyclopenta[e]pyrido[3',2':4,5]thieno[3,2-b]pyridin-

9-amine 6a,b  

A solution of compounds 4a,b (2 mmol) in 

phosphorous oxychloride (10 mL) was refluxed for 3 

h. After cooling, the reaction mixture was poured 

with stirring onto an ice–water mixture. The acidic 

medium was neutralized by adding aqueous NaOH 

solution (10%) to pH 7. The formed solid was 

isolated by filtration, washed with water, and 

recrystallized from ethanol to give the free amines 

6a,b.  

2,4-Dimethyl-7,8-dihydro-6H-

cyclopenta[e]pyrido[3',2':4,5]thieno[3,2-b]pyridin-

9-amine (6a) 

Yield 68%, pale yellow solid, m.p. 185-186 °C; IR 

(KBr, υmax/cm
-1

): 3422, 3344 (NH), 2920 (CH-

aliphatic). 
1
H NMR (400 MHz, DMSO-d6, δ ppm): 

1.68 (t, 2H, CH2), 2.55 (s, 3H, CH3), 2.62-2.78 (m, 4H, 

2CH2), 2.89 (s, 3H, CH3), 6.51 (s, 2H, NH2, D2O 

exchangeable), 7.16 (s, 1H, Ar-H). 
13

C NMR (100 

MHz, DMSO-d6, δ ppm):19.33, 24.28 (2CH3), 26.02 

(2CH2), 32.15, 36.01(2CH2), 122.51, 123.09, 142.27, 

145.04, 149.89, 157.12, 157.87, 161.66, 162.18 (Ar-

C), MS, m/z (%): 269 (M
+.

, 77). Anal. Calcd. for 

C15H15N3S (269.37): C, 66.88; H, 5.61; N, 15.60; S, 

11.90%; Found: C, 67.13; H, 5.23; N, 15.95; S, 

11.62%.  

2-Phenyl-4-(p-tolyl)-7,8-dihydro-6H-

cyclopenta[e]pyrido[3',2':4,5]thieno[3,2-b]pyridin-

9-amine (6b) 

Yield 68%, pale yellow solid, m.p. 175 °C; IR (KBr, 

υmax/cm
-1

): 3425, 3336 (NH), 3027 (CH-aromatic), 

2921 (CH-aliphatic), 
1
H NMR (400 MHz, DMSO-d6, 

δ ppm): 2.01(t, 2H, CH2), 2.43 (s, 3H, CH3), 2,69 (t, 

2H, CH2), 2.79 (t, 2H, CH2), 6.34 (s, 2H, NH2, D2O 

exchangeable) 7.26 (d, 2H, J = 7.8 Hz, Ar-H), 7.47-

7.55 (m, 3H, Ar-H), 7.64 (d, 2H, J = 7.8 Hz, Ar-H), 

7.81(s, 1H, Ar-H), 8.23 (d, 2H , J = 7.2 Hz, Ar-H ).
 

13
C NMR (100 MHz, DMSO-d6, δ ppm): 21.51 

(CH3), 22.67, 28.18, 33.77 (3CH2), 119.47, 119.61, 

127.55, 127.67, 129.11, 129.30, 129.92, 130.04, 

130.58, 133.40, 138.99, 139.61, 148.30, 150.43, 

155.99, 157.00, 161.40, 162.30 (Ar-C). MS, m/z (%): 

407 (M
+.

, 48). Anal. Calcd. for C26H21N3S (407.54): 

C, 76.63; H, 5.19; N, 10.31; S, 7.87%; Found: C, 

76.23; H, 4.95; N, 10.53; S, 7.58%.  

 

3.2. Antimicrobial Assay 

     All the new synthesized compounds (3a-b–6a,b) 

and the reference drugs were screened for their in 

vitro antibacterial and antifungal activity. The 

diameter of inhibition zone (DIZ) assay was 

performed by agar disk diffusion method [31] and the 

Minimum Inhibitory Concentration (MIC) of the 

compounds was then evaluated using broth dilution 

method [32]. Whereas, two-fold serial dilution at the 

concentrations (128, 64, 32, 16, 8, 4, 2, 1, 0.5, 0.25 

µg/ml) was used to investigate the MIC values. The 

determined values of DIZ in (mm) and the MIC 

values in (μg/mL) for the target compounds and the 

reference drugs against the tested bacterial and fungal 
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strains were listed in Table 1 and Table 2, 

respectively. 

3.3. In Vitro Cytotoxicity Screening 

     The in vitro cytotoxic activity of the new 

compounds 3a-c–6a,b was screened against HepG-2 

and MCF-7 cancer cell lines using the MTT 

assay[33]. The cells used in the cytotoxicity assay 

were cultured in (RPMI 1640) medium supplemented 

with 10% fetal calf serum and placed in 10
4
 cells/well 

for 24 h, then fresh medium which containing 

different concentration of the tested sample was 

added. Serial two-fold dilutions of the tested samples 

at concentrations (200, 100, 50, 25, 12.5, 6.25, 3.125, 

1.56 and 0 μg L
−1

) was used. The cytotoxicity was 

estimated as IC50 value (the concentration of the 

tested compound that inhibits 50% of the growth of 

cancer cells) in μM and the determined IC50 values are 

listed in Table 3. 

 

4. Conclusion 

A new series of thieno[2,3-b]pyridine-based 

compounds (3a-c–6a,b) was synthesized starting 

with 3- aminothienopyridine derivatives (2a,b). 

Then, all the new compounds were screened for their 

in vitro antimicrobial and anticancer activities. The 

target compounds were evaluated as antimicrobial 

agents against five bacterial and five fungal strains, 

while their anticancer activity were determined 

against HepG-2 and MCF-7 cell lines. The results 

obtained for the tested compounds in (Tables 1-3) 

revealed that the 4-(p-tolyl)-6-phenyl- derivatives 

acquire more potent antimicrobial and anticancer 

activity than their 4,6- dimethyl analogues. 

Moreover, the 3-(4-methoxyphenyl)thioureido)-6-

phenyl-4-(p-tolyl) derivative 3c showed the most 

potent antibacterial and antifungal activity compared 

with the reference drugs. Also, the 4-oxobut-2-enoic 

acid derivative 4b showed significant wide spectrum 

antimicrobial activity. In addition, the cytotoxicity 

screening of the target compounds against HepG2 

and MCF-7 cell lines showed that 4b elicited the 

most potent cytotoxicity against the two cell line, 

while 3c was slightly less than 4b in the cytotoxic 

potency against both cell lines. The results gained 

from this study highlighted the importance of 

thieno[2,3-b]pyridine-based compounds,  which 

could  provide by further research and study more  

potent derivatives as antimicrobial and anticancer 

agents. 
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 يهخص انجحث ثبنهغخ انعشثُخ
 

حخ َشكم انخطش انُبجى عٍ رطىس يقبويخ يضبداد انًُكشوثبد ، ثبلإضبفخ إنً انزَبدح انضُىَخ فٍ يعذلاد الإصبثخ ثبنضشطبٌ ، أكجش رهذَذ نهص
 انعبنًُخ ، يًب أدي إنً انحبجخ انًهحخ لاكزشبف جزَئبد جذَذح نهب خصبئص قىَخ يضبدح نهًُكشوثبد ويضبدح نهضشطبٌ. 

عٍ طشَق رفبعم يشكجبد  ة[ ثُشَذٍَ -3،2] ىُىثُ انُظبو انحهقٍ ثعض انًشكجبد انجذَذح انقبئًخ عهً شُُذنحبنُخ رانذساصخ اذ ، رضًُنزنك
يع اسَم اَزوثُىصُبَبد و يبنُك اَهُذسَذ وصُكهىثُزبَىٌ نُُزج يشكجبد  انجبدئخ كشثىكضبيُذ-2-ة[ ثُشَذٍَ-3،2] ىُىثُ ايُُى -3يشزقبد 

-. اضبفخ انً رنك رى رحضُش يشزقبد سثبعٍ انحهقبد صُكهىثُزب ثُشَذ3ٍَ-عهً يضزجذلاد يخزهفخ فٍ انًىضع يحزىَخ ة[ ثُشَذٍَ-3،2]ثُُُى
انخبسجٍ نهًشكجبد انجذَذح كًضبداد ايٍُ ثًفبعهخ يشزقبد صُكهىثُزُهُذٍَ ايُُى يع فىصفىسس اكضٍ كهىسَذ. رى رقُُى انُشبط  -9-ثُُُىثُشَذٍَ
 بثكزُشَخ وخًش صلالاد فطشَخ. واَضب رى اخزجبس َشبط انضًُخ انخهىَخ نهًشكجبد ضذ َىعٍُ يٍ انخلاَعهً خًش صلالاد  نهًُكشوثبد
.وهًب صشطبٌ انكجذ وصشطبٌ انثذٌ انضشطبَُخ   

انُشبط الاقىٌ ثٍُ انًشكجبد ضذ انضلالاد    3c وقذ اظهشد انًشكجبد َشبط واعذ كًضبداد نهًُكشوثبد وانضشطبٌ. حُث اظهش انًشكت      
.يُكشوجشاو نكم يهُهُزش 16انً  4 يٍ نجكزُشَخ وانفطشَبد و كبٌ نه قُى اقم رشكُز يثجظ نهًُكشوثبد َزشاوحا  

يٍ % 50انزٌ اعطٍ اقم قُى نهزشكُزاد انًثجطخ ل  ة 4 فٍ حٍُ اٌ انُشبط الاقىي انضبو نخلاَب انكجذ وخلاَب انثذٌ انضشطبَُخ كبٌ نهًشكت
   يُكشويىل ثبنزشرُت. 20.55و 3.12ثقُى   خلاَب صشطبٌ انكجذ وصشطبٌ انثذٌ

 


