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INTRODUCTION 

A large number of medicinal compounds which 

have been discovered belong to a major class of 

heterocycles containing nitrogen and sulphur. 

The numerous synthetic applicability and 

biological activity of these heterocycles has 

helped medicinal chemist to implement new 

approach towards the discovery of novel drugs. 

These heterocyclic compounds hold a special 

place among pharmaceutically significant 

natural products and synthetic compounds. 

Thiophene based compounds have been a 

constant matter of investigation due to their 

wide range of applications1. Thiophene can be 

fused with various heterocyclic systems giving 

rise to novel series of compounds with 

enhanced biological activity2-4. They are the 

precursors of many drugs with high 

therapeutically potential, being used in the 

treatment of cancers, osteoporosis, 

hypertension, more specifically thiophene 

derivatives have shown insecticide activity, 

antibacterial, antiviral, and antioxidant activity. 

It has been demonstrated that thiophene  

containing  β-lactam antibiotics like Cefoxitin, 

Cephalothin  and Cephalorodine exhibit  good 

antibacterial activity. The β-lactam heterocycles 

are the most prescribed antibiotics used in 

medicine5. They are considered as an important 

contribution of science to humanity. Hence, with 

a view to further assess biologically important 

classes of organic compounds, due to their 

relevance in both clinical and economic fields, it 

was thought worthwhile to synthesize some 

new β-lactam heterocycles by incorporating the 

naphtho[2,1-b]thiophene nucleus and 

azetidinone moieties in a single molecular 

framework. The present work deals with the 

synthesis of the title compounds starting from 

ethyl naphtho[2,1-b]thiophene-2-carboxylate, 

and evaluating them for  antimicrobial and 

antioxidant activities. 

 

 

 

 

Research Article 

ABSTRACT 
The reaction of ethyl naphtho[2,1-b]thiophene-2- carboxylate  2 with hydrazine hydrate produced 
naphtho[2,1-b]thiophene-2-carbohydrazide 3  which upon  treatment with various  aromatic 
aldehydes  produced Schiff bases i.e. N-(aryl-methylene) substitutednaphtho[2,1-b]thiophene-2-
carbohydrazides 4a-f  which served as an excellent intermediate for the synthesis of titled 
compounds. The Schiff bases 4a-f readily underwent cyclisation upon reaction with chloroacetyl 
chloride in presence of triethyl amine to yielded  azetidinones  5a-f. The Structures of the newly 
synthesized compounds have been established by analytical and spectral studies. All the 
synthesized compounds were evaluated for antibacterial, antifungal and antioxidant activities. 
 

Keywords: Azetidinone, naphtho [2, 1-b]thiophene, antimicrobial activity, antioxidant activity. 
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MATERIALS AND METHODS 

Melting points were recorded in open capillary 

tube method and are uncorrected. IR Spectra (in 

KBr pellets) were recorded on Shimadzu FTIR 

Spectrophotometer. The  NMR  spectra were 

recorded on Bruker 300MHz Spectrometer , 

standard chemical shifts are given in δ ppm 

values. The ompounds were checked for their 

purity by TLC. The newly synthesized 

compounds were separated and purified by 

column chromatography using silica gel (60-120 

mesh). 

 

EXPERIMENTAL 

Synthesis of ethyl naphtho[2,1-b]thiophene-

2- carboxylate 2 

A mixture of ethyl naphtho[2,1-b]furan-2-

carboxylate 1 (2.4 g,0.01mol) and Lawesson’s 

reagent (4.02 g,0.01 mol) and toluene (20 ml) 

was heated under reflux for 10 h. After the 

completion of the reaction the solvent was 

evaporated to obtain the product. The solid thus 

obtained was recrystallised from ethanol. 

 

Synthesis of naphtho[2,1-b]thiophene-2-

carbohydrazide 3 

 A mixture of ethyl naphtho[2,1-b]thiophene-2-

carboxylate 2 (2.55 g, 0.01 mol) and  hydrazine 

hydrate (2.5 ml, 99%) in ethanol (10 ml) were 

stirred on a magnetic stirrer for 3 h at room 

temperature  and the solid  thus separated was  

filtered, washed with  ethanol and  recrystallised 

from aqueous  DMF. 

 

Synthesis  of  N-(aryl-methylene) substituted 

naphtho[2,1-b]thiophene-2-carbohydrazides  

4a-f 

To a solution of  naphtho[2,1-b]thiophene-2-

carbohydrazide 3 (0.42 g, 0.001 mol) in DMF (50 

ml), 4-methoxy benzaldehyde (1.2ml,0.01 mol) 

was added, the mixture was refluxed on for 5 h, 

and  then poured into ice-cold water. The 

product 4b that separated was collected, and 

recrystallised from aqueous DMF. 

Similarly compounds 4a and 4c-f were 

synthesized using appropriate aromatic 

aldehydes. 

Synthesis of N-(3-chloro-2-oxo-substituted-

phenyl-azetidine-1-yl)naphtho[2,1-b]thiophene-

2-carboxamides 5a-f. 

 A solution of chloroacetyl chloride (1.2 ml, 0.01 

mol) in dioxane (10ml) was cooled using ice-salt 

bath and kept for stirring. To this, triethyl amine 

(1.0 ml) was added drop wise maintaining the 

temperature below 00C, white solid separated 

out.  To this reaction mixture solution of N-(4-

methoxybenzylidene)naphtho[2,1-b]thiophene-

2-carbohydrazide  4b  (3.6 g,0.01 mol) in 

dioxane (10 ml) was added drop wise regulating 

the temperature less than 00C with stirring. 

After the addition was over the reaction mixture 

was refluxed for 16 h. The reaction mixture was 

poured into ice cold water. The product 5b thus 

obtained as a solid was filtered and dried. The 

product was recrystallised from dioxane. 

The compounds 5a and 5c-f were synthesized 

from 4a and 4c-f respectively by the similar 

method. 

The physical data of the newly synthesized 

compounds are tabulated in Table -1. 

 

Evaluation of Biological activities 

Naphthothiophenes in association with other 

heterocyclic molecules exhibit wide spectrum of 

biological and pharmacological activities. There 

are numerous examples where in thiophene and 

azetidinone derivatives being used for the 

treatment of various diseases. This fact 

stimulated us to take up the biological 

evaluation of newly synthesized derivatives. 

Antimicrobial Screening 

The synthesized compounds were subjected to 

antimicrobial screening by adopting the 

procedure available in the literature6-9. 

The antibacterial screening of  both the series 

4a-f and 5a-f  have been carried out against 

Staphylococcus aureus , Streptococcus fecalis, 

Escherichia coli  Pseudomonas aeruginosa, and 

antifungal activity against Candida albicans and 

Aspergillus fumigatus by disc diffusion method. 

Streptomycin and ciclopiroxcalamine were used 

as standard drugs for antibacterial and 

antifungal activity respectively. The zone of 

inhibition was compared with the standard drug 

after 18 h of incubation at 250 C for antibacterial 

activity and after 48h at 300 C for antifungal 

activity. The results are tabulated in Table - 2. 

 

  Antioxidant activity by DPPH method10 

Different concentrations (10 μg, 50 μg and 100 

μg) of samples 4a-f and 5a-f in dimethyl 

sulphoxide, andbButylated hydroxy anisole 

(BHA) were taken in different test tubes. The 

volume was adjusted to 500μl by adding 

methanol. Five milliliters of 0.1 mM methanolic 

solution of 1, 1-diphenyl-2-picryl hydrazyl  

(DPPH) was added to these tubes and shaken 

vigorously. A control without the test 

compound, but with an equivalent amount of 

methanol was maintained. The tubes were 

allowed to stand at room temperature for 20 

min. The absorbance of the samples was 

measured at 517 nm.  

Radical scavenging activity was calculated using 

the following formula 
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% Free radical scavenging activity = 

 

 

 

The results of antioxidant activity by DPPH 

method are tabulated in Table - 3 and the 

comparison of free radical scavenging activity of 

the samples with that of butylated hydroxy 

anisole (BHA) is depicted in the Fig. 1. 

 

RESULT AND DISCUSSION 

Ethyl naphtho[2,1-b]furan-2-carboxylate 1 

which is the starting material required for the 

synthesis of novel azetidinones was synthesised 

by the reaction  of 2-hydroxy-1-naphthaldehyde 

with  ethyl chloroacetate in presence of a weak 

base anhydrous potassium carbonate in 

dimethylformamide. Thionation of 1 using 

Lawesson’s reagent11-12 produced mixture of 

three compounds. These compounds were 

separated by column chromatography and the 

required compound ethyl naphtho[2,1-

b]thiophene-2-carboxylate 2 was collected and 

the structure assigned to this compound was 

confirmed by its spectral data. The IR(KBr) 

spectrum of 2 exhibited a strong absorption 

band at 1727 cm-1 due to ester carbonyl group. 

The 300 MHz 1H NMR spectrum of 2 exhibited a 

quartet at δ 4.45 and a triplet at δ 1.6 indicating 

the presence of ester group. A mutliplet which 

appeared at δ 7.4-8.5 was attributed to seven 

aromatic protons. The structure assigned was 

further supported by its mass spectrum which 

showed a molecular ion peak at m/z 256 

corresponding to its molecular weight. The 

intermediate naphtho[2,1-b]thiophene-2-

carbohydrazide 3 was obtained by the 

condensation of 2 with 99% hydrazine hydrate 

in ethanol medium at room temperature. 

The IR spectrum of  3 exhibited  characteristic  

absorption bands  at  3206 cm-1  and  3280 cm-1 

due to NH2 group and 1665 cm-1 due to carbonyl 

group. The 1H NMR spectrum displayed a D2O 

exchangeable singlet at δ10.5 for NH2 protons 

and a multiplet at δ 7.2-8.2 for aromatic and 

NCH protons. The reaction of 3 with various 

aromatic aldehydes produced N-(aryl-

methylene) substitutednaphtho[2,1-b] 

thiophene-2-carbohydrazides 4a-f in good yield. 

The IR spectrum of 4b exhibited absorption 

bands at 3474 cm-1 and at 1677 cm-1 due to NH 

and C=O stretching frequencies respectively. 

The 1H NMR spectrum of   4b showed a singlet at 

δ 3.58 due to  methoxy protons, a multiplet at δ 

6.8 - 7.7 integrating for nine aromatic protons 

and a multiplet at δ 7.9 to 8.0 integrating for 

three protons was observed which is attributed 

to two aromatic and one NCH proton. The CONH 

proton appeared as a D2O exchangeable singlet 

at δ 10.4. The spectral data of the compounds 4a 

and 4c-f is presented in Table-4. 

The compounds 4a-f readily underwent 

cyclisation upon treatment with chloro acetyl 

chloride in the presence of triethyl amine using 

dioxane as a solvent resulting in the formation 

of title compounds N-(3-chloro-2-aryl-4-oxo-

azetidine-1-yl)naphtho[2,1-b] thiophene-2-

carboxamides  5a-f .The structure of 5b was 

confirmed by elemental analysis and spectral 

studies. The IR spectrum of 5b exhibited sharp 

absorption bands at 1687 cm-1 due to amide 

carbonyl group and at 1646 cm-1 due to 

carbonyl group of β-lactam ring. The broad NH 

absorption band appeared at 3430 cm-1. 1H NMR 

spectrum of 5b exhibited a singlet for three 

protons at δ 3.45 due to methoxy group. A 

doublet at δ 6.55 integrating for two protons is 

assigned to C-5 and C-6 protons of the 

naphthofuran ring. A multiplet between δ 7.15-

7.69 integrating for seven protons is due to C-3, 

C-4 and C-7 protons of the naphthofuran ring 

and four aromatic protons of the methoxy 

substituted phenyl group and a multiplet 

between δ 7.90-7.95 integrating for two protons 

is assigned to C-8 and C-9 protons of the 

naphthofuran ring. A singlet at  

δ 5.0 and at δ 5.50 was due to proton of CHPh 

and proton of CHCl. The CONH proton appeared 

as a singlet, down field at δ 9.95 (D2O 

exchangeable).The mass spectrum of 5b  

showed a molecular ion peak at m/z 436 (M+) 

and at 438 (M+2) corresponding to its 

molecular weight. The IR and 1H NMR spectral 

data of compounds 5a and 5c-f are summarized 

in the Table - 5. 

The newly synthesized compounds have been 

evaluated for antimicrobial activity by disc 

diffusion method. The compounds 4a, 4c, 4d, 4e 

and 4f exhibited excellent activity against 

Staphylococcus aureus, Staphylococcus fecalis 

and Candida albicans, The compound 5a 

exhibited better activity against  Pseudomonas 

aeruginosa and Aspergillus fumigates. The 

compound 5d exhibited promising activity 

against Pseudomonas aeruginosa. The 

compounds 5b, 5c and 5e showed better activity 

against Staphylococcus fecalis. The remaining 

compounds were found to have mild activity 

against the tested organism.Some of the 

compounds were found to be inactive. 

Antioxidant activity results revealed that 

compounds 4c, 4d and 4e exhibited good 

antioxidant activity compared to standard BHA. 

Other derivatives exhibited mild to moderate 

activity. 



IJPCBS 2014, 4(4), 1022-1028                Ramaiah et al.                    ISSN: 2249-9504 
 

1025 

Table 1: Analytical and physical  

data of the synthesized compounds 

Comp 
Molecular 

formula 

Yield

% 

mp0

C 

Found (Calcd ) % 

C H N 

4a C20H14N2OS 70 220 72.7 (72.8) 4.3 (4.4) 8.4 (8.5) 

4b C21H16N2O2S 75 210 69.2 (69.4) 4.4 (4.5) 7.1 (7.3) 

4c C20H13N3O3S 63 200 64.1 (64.2) 3.7 (3.8) 11.0 (11.1) 

4d C20H13N2OSCl 68 180 66.6 (66.8) 3.6 (3.8) 7.7 (7.8) 

4e C22H16N2OS 60 215 74.4 (74.5) 4.4 (4.6) 7.9 (8.0) 

4f C18H12N2O2S 58 185 67.8 (67.9) 3.8 (3.9) 8.7 (8.8) 

5a C22H15ClN2O2S 62 210 64.9 (65.0) 3.7 (3.8) 6.8 (6.9) 

5b C23H17ClN2O3S 71 140 63.4 (63.5) 3.4 (3.5) 6.5 (6.6) 

5c C22H14ClN3O4S 62 133 58.3 (58.4) 3.2 (3.3) 9.2 (9.3) 

5d C22H14Cl2N2OS 64 125 59.1 (59.3) 3.2 (3.3) 6.5 (6.6) 

5e C25H17ClN2O2S 63 190 67.7 (67.8) 3.8 (3.9) 6.2 (6.3) 

5f C21H13ClN2O3S 52 160 61.8 (61.9) 3.2 (3.3) 6.8 (6.9) 

 

 

                                                 Table 2:   Antimicrobial activity data of the synthesized compounds 
Comp Zone of inhibition in mm 

 Antibacterial activity Antifungal activity 

 S. aureus S. fecalis E. coli P. aeruginosa C. albicans A. fumigatus 

4a 15 14 13 14 14 11 

4b 12 11 9 13 13 13 

4c 13 12 13 16 12 14 

4d 15 15 14 15 14 12 

4e 16 10 13 11 12 15 

4f 15 13 12 10 13 12 

5a 12 12 - 11 - 16 

5b 6 11 - 8 - - 

5c 6 12 - 10 - - 

5d 7 10 - 14 - - 

5e 13 12 - 7 - - 

5f 4 6 - 5 - - 

Streptomycin 18 16 19 19 - - 

Ciclopiroxcalamine - - - - 21 19 

 

 

Table 3: Antioxidant activity  

of compounds 4a-f and 5a-f 

Comp 

% Free radical scavenging 

activity 

Concentration 

10 µg 50 µg 100 µg 

4a 16.2 22.4 24.8 

4b 17.0 21.4 32.5 

4c 14.1 28.4 44.5 

4d 20.4 30.6 50.4 

4e 19.8 32.8 52.0 

4f 20.5 23.0 38.4 

5a 4.76 5.06 6.28 

5b 1.42 4.55 8.91 

5c 4.15 7.59 11.54 

5d 4.66 6.98 12.25 

5e 4.45 7.59 12.85 

5f 4.86 5.97 7.19 

Standard (BHA) 23.68 48.89 70.45 
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Fig. 1: Comparison of Free radical scavenging activity of samples 

 4a-f and 5a-f with that of Butylated hydroxy anisole (BHA) 

           

 

 

 

 

 

 
Scheme 
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Table 4: IR and 1H NMR Spectral data of the compounds 4a and 4c-f 

Comp R 
IR (KBr) cm-1 IR (KBr) cm-1 

1H NMR δ in ppm 
C=N C=O 

4a H 1631 1677 7.2-7.8 (m, 12H, ArH)  

8.2 (s,1H, NCH) 

10.5 (s, 1H, CONH) 

4c 3-NO2 1610 1655 7.3-2.5 (m, 11H, ArH)  

8.6 (s, 1H, NCH),  

11.0 (s, 1H, CONH) 

4d 2-Cl 1618 1680 7.2-7.9 (m, 11H, ArH) 

8.1 (s, 1H, NCH) 

11.1 (s, 1H, CONH) 

4e -OC4H3 1612 1682 6.2-7.8 (m, 14H, ArH) 

7.9 (s, 1H, NCH) 

10.1 (s, 1H, CONH) 

4f -CH=CH-C6H5 1611 1685 7.2-8.1 (m, 10H, ArH,) 

8.4 (s, 1H, NCH) 

10.5 (s, 1H, CONH) 

 

 

 

 

 

Table 5:  IR and 1H NMR Spectral data of the compounds 5a and 5c-f 

 

  

CONCLUSION 

All the synthesized compounds were purified by 

column chromatography. The synthesized 

compounds were subjected to spectral analysis 

such as IR, 1H NMR and Mass spectra to confirm 

the structure. All the analytical details show 

satisfactory results.  

Many of the synthesized compounds showed 

good, mild and moderate antimicrobial activity. 

It is interesting to note that among the 

synthesized compounds 4a-f series showed 

better activity compared to 5a-f series. 

Investigation of the antimicrobial activity 

revealed that activities are independent of 

electron withdrawing and electron releasing 

groups in the newly synthesized compounds. 
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