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INTRODUCTION 

Naphthofuran is a bicyclic organic compound that results 

from the fusion of a naphthalene ring to a heterocyclic 

furan ring.
[1]

 Naphthofuran nuclei are key structural 

moieties found in a large number of biologically 

important natural products.
[2,3]

 Many of the natural 

naphthofurans, such as (±)- Laevigatin
[4,5]

 (1), (+)-

Heritol
[6-8]

 and Balsaminone A,
[9]

  possess interesting 

pharmacological and cytotoxic properties. Several 

synthetic compounds containing this ring skeleton are 

associated with diverse biological activities such as 

antifungal, antibacterial
[10,11]

, antiviral
[12]

, antitumor
[13]

, 

anthelmintic
[14]

, anti-trypanosomal and cytotoxicity.
[15] 

 

Naphthofurans possess a broad range of biological 

activities that are constituents of important natural 

products. These plant extracts are being used for 

traditional medicines, and some of them for example 

mansonone D,
[16] 

Dunnione,
[17]

 etc are also vital 

biologically active agents. Hence, with these 

observations we examine the feasibility and efficiency of 

an approach to synthesis naphthofuran coupled with 

aromatic amines to naphthofuran carboxamide 

derivatives, which turns to exhibit significant 

antimicrobial activities. 

 

 

 

MATERIALS AND METHODS 

Melting points were determined in open capillary tubes 

and were uncorrected. The IR spectra were recorded in 

KBr pellets on a Nicolet 400D spectrometer and 1H 

NMR spectra were recorded in DMSO with TMS as 

internal standard on a Bruker spectrometer at 400 MHz. 

LC-MS of selected samples taken on LC-MSD-Trap-SL-

01046. The purity of compounds was checked by thin 

layer chromatography on silica gel plate of 0.25 mm 

thickness using different solvent system. All the 

chemicals were laboratory grade and purchased from 

local market and naphtho[1,2-b]furan carboxamide 

derivatives  was prepared by reported method. 

 

The Experimental Work Comprises in Four Steps. 

Step-I: Preparation of 1-Hydroxy-2-

naphthaldehyde
[18]

 

To a solution of naphthalene-1-ol (2.0 g, 13.89 mmol) 

and paraformaldehyde (2.4 g, 83.34 mmol) in acetonitrile 

(50 mL) were added magnesium chloride (1.98 g, 20.8 

mmol) and triethylamine (7.2 mL, 51.4 mmol). After 

being stirred at reflux for 15 h, the mixture was diluted 

with water (50 mL) and extracted with ethyl acetate (100 

mL). The organic layer was washed with water and 5% 

aqueous hydrogen chloride solution, dried over 

anhydrous sodium sulfate, and concentrated in vacuo, to 

obtain of the title compound. 
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ABSTRACT 

Prompted by the varied biological activities of carboxamides and napthofurans, a series of N-substituted 

napthofuran carboxamides (NFC1-5) derivatives were prepared. The starting material naphthol was treated with 

paraformaldehyde, triethyl amine, magnesium chloride and methyl cyanide to form 1-hydroxy-2-naphthaldehyde. 

Further reaction of corresponding naphthaldehyde with ethyl bromo acetate form Ethyl Naphtho[1,2-b]furan-2-

carboxylate which undergo hydrolysis to prepare naphofuroic acids Which on treated with aromatic primary 

amines to convert into N-substituted napthofuran carboxamides. The structures of these compounds were 

confirmed by IR, NMR, Mass and elemental analysis. The newly synthesized compounds were evaluated for 

antibacterial and antifungal activity. The results show that compound NFC1-5 exhibited moderate to good 

antibacterial and antifungal activity. 
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Step-II: Preparation of Ethyl Naphtho[1,2-b]furan-2-

carboxylate 

To a solution of 1-hydroxy-2-naphthaldehyde (1, 100 

mg, 0.58 mmol) and ethyl bromoacetate (98 mg, 0.69 

mmol) in acetonitrile (3 mL) was added potassium 

carbonate (161 mg, 1.16 mmol). After being stirred at 

reflux for 1.5 h, the mixture was diluted with water (20 

mL), and extracted with ethyl acetate (50 mL). The 

organic layer was dried over anhydrous sodium sulphate 

and concentrated in vacuo, to obtain of the title 

compound. 

 

Step-III: Naphtho[1,2- b ]furan-2-carboxylic acids
19

 

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

in methanol and mixed with 10% NaOH solution. The 

mixture was refluxed for 2h. After the completion of the 

hydrolysis, the reaction mixture was poured into ice cold 

water and acidified with hydrochloric acid. Solid 

separated is filtered and recystallised from ethanol. 

 

Step-IV: Naphtho[1,2-b]furoyl-N-substituted benzene 

carboxamide
[19]

 (NFC1-5) 

To an equimolecular mixture of suitable substituted 

aromatic amine (10 mmol) and naphtho-furoic acid (10 

mmol), phosphorus oxychloride (2ml, 20 mmol) was 

added. The resulting mixture was refluxed for 1h on 

water bath. The reaction mixture was poured into 

crushed ice with stirring. The resultant solid was 

collected, washed with water and filtered off to obtain 

the solid product (NFC1-5). These compounds were 

purified by recrystallisation from ethanol. The sequence 

of the reaction is depicted in the Scheme. 

 

 

OH OH

H

O

O O

OEt

O O

OH

O O

NH

R

H2N

R

Paraformaldehyde, Et3N

MgCl2, CH3CN

Reflux 15h

Ethyl bromo acetate 

K2CO3, CH3CN

Reflux 1.5h

1. H2O/OH-

2. H+

POCl3/ heat

1hr/ 60-70 oC

NFC 1-5  
Figure 1: Scheme: Synthetic route of targeted compounds. 

 

Table 1: List of Various Aromatic Amines. 

S. No. 
Compounds 

Code 

Substituted Aromatic 

Amine  (R) 

Structure of Aromatic 

Amine (R) 

1 NFC 1 o-chloro Aniline 
H2N

Cl

 

2 NFC 2 p-chloro Aniline 

 

H2N Cl

 

3 NFC 3 p-anisidine 

 

H2N CH3

 

4 NFC 4 o-methoxy Aniline 
H2N

H3CO
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5 NFC 5 p-methoxy Aniline H2N OCH3

 
 

Biological Activity 
The synthesized compounds were screened for the 

antibacterial activity and antifungal by using the agar 

diffusion technique (Cup-plate method)
[20]

 in nutrients 

agar and potato dextrose agar media, respectively. 

Chloramphenicol and Fluconazole were used as standard 

drug for the antibacterial and antifungal activity 

respectively and zone of inhibition of all newly 

synthesized compounds (NFC1-5) at three different 

concentrations (25, 50 and 100 μg/ml) was measured 

against these standard drugs (Table 2). We used 

microbial strains‐ Staphylococcus aureus as gram 

positive and Staphylococcus pyrogens as gram negative 

bacterial strains, E coli and Aspergillus niger as fungal 

strains for biological test. 

 

RESULTS AND DISCUSSION 

Chemistry: All the novel naphthofuran carboxamide 

derivatives were synthesized, purified and separated by 

using column chromatography or recrystallization 

method. Synthesized compounds were characterized by 

using Elemental analysis, FT-IR, 
1
HNMR and Mass 

Spectrometric studies. The integration curves fully 

support the orientation of protons in the analyzed 

compounds. Furthermore, all the compounds 

demonstrated the characteristic chemical shifts for the 

naphthofuran nucleus. Additionally, synthesized 

compounds were analyzed by mass spectra and indicated 

no difference in the fragmentation pattern among the set 

of synthesized series. 

 

NFC1: N-(2-chlorophenyl)naphtho[1,2-b]furan-2-

carboxamide 

Yellowish brown colored solid, Molecular Formula: 

C19H12ClNO2, Molecular weight: 321.76, Yield: 67.38%, 

M.P.: 232-234
o
C, Rf value: 0.86, FT-IR (KBr, cm

-1
): 

3436. 67 (=N-H Str.), 3117. 92 (=C-H Str.), 1295.73 (C-

O Str.),1577.45 (C=C Str.), 1686.50 (C=O Str.), 1254.35 

(C-N Bend.), 717.45 (Ar C-H Bend.), 729.12 (C-Cl 

Bend.), 
1
H-NMR (400 MHz, DMSO, δ ppm): 6.94-7.67 

(m, 11H, Ar-H), 8.00 (s, 1H, NH), Elemental Analysis, 

% found (% required): C 70. 33 (70. 93);   H 3.76 

(3.92); N 4.58 (4.35); O 9.71 (9. 94).Cl, 11.07 (11.02) 

 

NFC2: N-(4-chlorophenyl)naphtho[1,2-b]furan-2-

carboxamide 

Creamish yellow colored solid, Molecular Formula: 

C19H12ClNO2, Molecular weight: 321.76 Yield: 70.18%, 

M.P.: 236-238
o
C, Rf value: 0.82, FT-IR (KBr, cm

-1
): 

3677.03 (=N-H Str.), 3107.22 (=C-H Str.), 1277.17 (C-O 

Str.),1674.15 (C=C Str.), 1695.40 (C=O Str.), 1257.53 

(C-N Bend.), 717.45 (Ar C-H Bend.), 739.52 (C-Cl 

Bend.), 
1
H-NMR (400 MHz, DMSO, δ ppm): 7.13-7.67 

(m, 11H, Ar-H), 8.00 (s, 1H, NH), Elemental Analysis, 

% found (% required): C 70.42 (70. 93); H 3.77 (3.92); 

N 4.28 (4.35); O 9.73 (9. 94), Cl, 11.07 (11.02) 

NFC3: N-p-tolylnaphtho[1,2-b]furan-2-carboxamide 

Pale red colored solid, Molecular formula: C20H15NO2, 

Molecular weight: 301.34, Yield: 74.24%, M.P.: 255-

257
o
C, Rf value: 0.76, FT-IR (KBr, cm

-1
): 3555.23 

(=N-H Str.), 3177.52 (=C-H Str.), 1247.07 (C-O 

Str.),1623.42 (C=C Str.), 1715.30 (C=O Str.), 1277.42 

(C-N Bend.), 754.15 (Ar C-H Bend.), 
1
H-NMR (400 

MHz, DMSO, δ ppm): 2.35 (s, 3H, CH3), 7.04-7.67 (m, 

11H, Ar-H), 8.00 (s, 1H, NH), Elemental Analysis, % 

found (% required): C 78.22 (79.72); H 5.57 (5.02); N 

4.28 (4.65); O 9.99 (10.62). 

 

NFC4: N-(2-methoxyphenyl)naphtho[1,2-b]furan-2-

carboxamide 
Pale Brown colored solid, Molecular Formula: 

C20H15NO3, Molecular weight: 317.34 Yield: 71.84%, 

M.P.: 282-284
o
C, Rf value: 0.78, FT-IR (KBr, cm-1): 

3454.23 (=N-H Str.), 3143.02 (=C-H Str.), 1244.17 (C-O 

Str.),1654.11 (C=C Str.), 1705.02 (C=O Str.), 1255.42 

(C-N Bend.), 723.55 (Ar C-H Bend.), 
1
H-NMR (400 

MHz, DMSO, δ ppm): 3.73 (s, 3H, OCH3), 6.75-7.67 

(m, 11H, Ar-H), 8.00 (s, 1H, NH), Elemental Analysis, 

% found (% required): C 75.20 (75.70); H 4.37 (4.76); 

N 4.08 (4.41); O 15.73 (15.12). 

 

NFC5: N-(4-methoxyphenyl)naphtho[1,2-b]furan-2-

carboxamide 

Creamish Brown colored solid, Molecular Formula: 

C20H15NO3, Molecular weight: 317.34 Yield: 64.96 %, 

M.P.: 263-265
o
C, Rf value: 0.87, FT-IR (KBr, cm-1): 

3423.54 (=N-H Str.), 3134.02 (=C-H Str.), 1233.14 (C-O 

Str.),1614.17 (C=C Str.), 1713.52 (C=O Str.), 1275.32 

(C-N Bend.), 722.01 (Ar C-H Bend.), 
1
H-NMR (400 

MHz, DMSO, δ ppm): 3.73 (s, 3H, OCH3), 6.75-7.67 

(m, 11H, Ar-H), 8.00 (s, 1H, NH), Elemental Analysis, 

% found (% required): C 75.20 (75.70); H 4.37 (4.76); 

N 4.08 (4.41); O 15.73 (15.12). 

 

Biological Activity 

The novel synthesized compounds have shown moderate 

to strong activity against bacterial and fungal strain 

compared to standard drug. The compound having 2-

chloro substituent on phenyl ring NFC 1 was found to be 

most active against all the bacterial and fungal strain 

exhibiting zone of inhibition of 22, 22, 27, and 30 mm at 

concentration of 100 μg/ml against S. aureus, S. 

pyrogens, E. coli and A. niger, respectively. The chloro 

substituent at meta positions of phenyl ring decreased the 

antibacterial potency of molecules against both gram-

positive, gram-negative bacteria and fungal starins in 

dose-dependent manner. Electron withdrawing 

substituents have better activity. 
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Table 2: Antibacterial evaluation of naphthofuran carboxamide derivatives. 

Bacterial strain S.aureus 
 

S. pyrogens 
 

E. coli 
 

A. niger 

Conc. (μg/ml) 25 50 100 
 

25 50 100 
 

25 50 100 
 

25 50 100 

Compound number Zone of Inhibition in mm 

NFC 1 17 19 22 
 

19 21 22 
 

20 25 27 
 

23 27 30 

NFC 2 11 13 17 
 

15 17 19 
 

9 14 17 
 

11 17 19 

NFC 3 8 8 12 
 

9 10 14 
 

7 10 11 
 

7 9 13 

NFC 4 10 12 17 
 

10 15 17 
 

13 17 20 
 

9 15 24 

NFC 5 9 13 16 
 

11 15 18 
 

10 21 24 
 

13 17 23 

Control (DMSO) - - - 
 

- - - 
 

- - - 
 

- - - 

Chloramphenicol 20 23 25 
 

22 24 25 
 

NA NA NA 
 

NA NA NA 

Fluconazole NA NA NA 
 

NA NA NA 
 

24 27 29 
 

26 30 31 

S.aureus:Staphylococcus aureus,S.pyrogens:Staphylococcus pyrogens, E.coli: Escherichia coli, A.niger:Aspergillus 

niger 

 

 
Figure 2: Antimicrobial activity of synthesized compounds. 

 
CONCLUSION 
A series of N-substituted napthofuran carboxamides 

derivatives NFCl-5 had been synthesized and 

characterized by IR, NMR, mass and elemental analysis. 

The final compounds were screened for in vitro 

antibacterial and antifungal activity against gram-

positive, gram-negative and fungal strains by cup-plate 

method. Among the various derivative, the compounds 

NFC 1show excellent inhibition of bacterial and fungal 

growth as compared to standard drug chloramphenicol 

and fluconazole. 
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