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ABSTRACT 

 
Ethyl 3-nitronaphtho[2,1-b]furan-2-carboxylate 1 has been synthesized and converted into 3-

nitronaphtho[2,1-b]furan-2-carbohydrazide 2 by refluxing with hydrazine hydrate. The hydrazide 2 on diazotization 
with nitrous acid at 0

0
C produced 3-nitronaphtho[2,1-b]furan-2-carbonylazide 3 which on subsequent reaction 

with ethanol underwent Curitus rearrangement to give ethyl 3-nitronaphtho[2,1-b]furan-2-carbamate 4. The 
carbamate in turn, on condensation with hydrazine hydrate gave 3-nitronaphtho[2,1-b]furan-2-
semicarbohydrazide 5, which on reaction with different aromatic aldehydes produced corresponding 3-
nitronaphtho[2,1-b]furan-2-semicarbazones 6(a-h). The newly synthesized compounds were characterized by 
analytical and spectral studies and evaluated for antimicrobial activity.  
Keywords: Naphtho[2,1-b]furan, antimicrobial activity, Curitus rearrangement, urea derivatives, semicarbazones. 
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INTRODUCTION 

 
The derivatives of naphtho[2,1-b]furan possess various biological and pharmacological 

activities, such as antimicrobial, anti-inflammatory, analgesic, antihelmintic and anticancer [1-
6]. Carbamates and semicarbazones are of considerable interest due to their application 
towards biological and therapeutic activities such as antimicrobial, antineoplastic, anti-
convulsant and anti-viral [7-14]. 

 
Encouraged by these findings and in continuation of our search for new biological active 

naphtho[2,1-b]furan derivatives [15-17 ], we report in this paper synthesis of carbamates and 
semicarbazones encompassing naphtho[2,1-b]furan moiety and evaluation of their 
antimicrobial activities. 

 

MATERIALS AND METHODS 

 
Melting points were recorded on open capillary tube method and are uncorrected. The 

progress of reaction and purity of the compounds were monitored by thin layer 
chromatography and spots were visualized by exposure to iodine vapours or under UV light and 
separation were carried out by column chromatography by using silica gel (60-120 mesh). IR 
spectra (in cm-1) were recorded on Perkin-Elmer FT-IR Spectrophotometer using KBr optics. 1H 
NMR spectra were recorded at 300 MHz on Bruker spectrometer and their chemical shift values 
are expressed in δ ppm with respect to TMS as an internal standard, the solvent used was CDCl3 
or DMSO. Mass spectra were recorded on 70ev EIMS. Elemental analyses were performed for C, 
H, O, N and were within ± 2% of theoretical values.  

 
EXPIREMENTAL 

 
Synthesis of ethyl 3-nitronaphtho[2,1-b]furan-2-carboxylate (1) 
 
 Ethyl naphtho[2,1-b]furan-2-carboxylate(3 g, 0.01 mol) in acetic acid (20 ml) was stirred 
at below 00C and nitrating mixture was added drop wise for 30 min [conc.H2SO4 (7.2 ml) and 
conc.HNO3 (3.6 ml)] ,the stirring was continued for 2 hrs. The reaction mixture was poured into 
crushed ice, the product obtained as yellow solid was filtered and recrystallized using aqueous 
DMF. 
 
IR spectra (in cm-1) recorded in KBr on Perkin-Elmer FT-IR Spectrometer: 1715 (C=O), 1518 – 
1355 (NO2 str), 1282 (C-O-C str) and 2991- 3081 (C-H str aromatic). 1H NMR (300MHz, CDCl3): δ 
1.5(3H, t, CH3), δ 4.5(2H, q, CH2) and δ 7.2-8.6(6H, m, Ar-H). EIMS, m/z: 285.9(M+). 
 
Synthesis of  3-nitronaphtho[2,1-b]furan-2-carbohydrazide (2)  
 

Hydrazine hydrate (2.5 ml, 0.05 mol, 99%) was added to a solution of ethyl 3-
nitronaphtho[2,1-b]furan-2-carboxylate (3 g, 0.01 mol) in  ethanol (20 ml). The reaction mixture 
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was heated under reflux for 2 hrs and cooled to room temperature. The product that separated 
was collected and recrystallised using ethanol.  

 
IR spectra (in cm-1) recorded in KBr on Perkin-Elmer FT-IR Spectrometer: 1654.37 (C=O), 
3337.35-3249.23 (NH2 str), 3078.48 (N-H str), 1518.96 (NO2 symmetric str), 1337.10(NO2 

asymmetric str) and 2923.74-2853.17(C-H str aromatic).1H NMR(300MHz, CDCl3): δ 4.7(2H, d, 
NH2),δ 7.6-8.5(6H, m, Ar-H), and δ 10.3(1H, s, NH). EIMS, m/z: 272.1(M+).   
 
Synthesis of 3-nitronaphtho[2,1-b]furan-2-carbonylazide (3)   
 

The solution of sodium nitrite (0.2 g, 0.002 mol) in water (2 ml) was added drop wise 
with stirring at 00C to the mixture of 3-nitronaphtho[2,1-b]furan-2-carboxyhydrazide (0.28 g, 
0.001 mol) in 1,4-dioxane (4 ml) and concentrated HCl (1 ml). The stirring was continued for 1 
hr. The pale yellow solid separated was filtered washed with water and then with 1, 4-dioxane 
and dried under desiccator. It was used further without purification. 

 
IR spectra (in cm-1) recorded in KBr on Perkin-Elmer FT-IR Spectrometer: 1701.05(C=O), 

1545.05 – 1358.78 (NO2 str), 2199.92 (N3 str) and 3125.09-2971.68(C-H str aromatic)  
 
Synthesis of ethyl (3-nitronaphtho[2,1-b]furan-2-yl)carbamate (4) 
 

A mixture of 3-nitronaphtho[2,1-b]furan-2-carboxyazide (0.3 g, 0.001 mol) and ethanol 
(10 ml) was heated under reflux for 3 hrs. The reaction mixture was cooled filtered to remove 
any insoluble substances present. After the evaporation of the solvent, the product obtained 
was washed with per-ether. 

 
IR spectra (in cm-1) recorded in KBr on Perkin-Elmer FT-IR Spectrometer: 1728.65 (C=O), 

3445.90 - 3420.89 (N-H str free and  associated),1531.52 - 1338.60 (NO2 str), 3329.24 – 
3088.85(C-H str aromatic) and 2966.53 – 2852.94(C-H str alkyl).1H NMR(300MHz, CDCl3): δ 
1.3(3H, t, CH3), δ 4.2(2H, q, CH2), δ 7.2-8.6(6H, m, Ar-H) and δ 11.6(1H, s, NH). EIMS,m/z: 
301.1(M+). 
 
Synthesis 3-nitronaphtho[2,1-b]furan-2-semicarbohydrazide(5)  
 

Hydrazine hydrate (0.17 ml, 0.003 mol, 99%) was added to a solution of ethyl (3-
nitronaphtho[2,1-b]furan-2-yl)carbamate (0.35 gm, 0.001 mol) in methanol (20 ml). The 
reaction mixture was heated under reflux for 2 hrs and cooled to room temperature. The 
product separated was collected used as it is for further reaction. 

 
IR spectra (in cm-1) recorded in KBr on Perkin-Elmer FT-IR Spectrometer: 1653.51(C=O), 

3336.19-3238.18(NH2 str),3086.55(N-H str), 1509.19–1320.79(NO2 str) and 2924.65 (C-H str 
aromatic).1H NMR (300MHz, CDCl3): δ 4.7(2H, s, NH2, D2O exchangeable ),δ 7.7-8.7(6H, m, Ar-H) 
and  δ 10.3(1H, s, NH, D2O exchangeable). 
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Synthesis of 3-nitronaphtho[2,1-b]furan-2- semicarbazones (6a-h) 
 
 Benzaldehyde (0.23 ml, 0.002 mol) was added to a solution of 3-nitronaphtho[2,1-
b]furan-2-semicarbohydrazide (0.3 gm, 0.001 mol) in DMF (6 ml). The reaction mixture was 
refluxed for 5 hrs and quenched to crushed ice. The product 6a that separated as solid was 
filtered and dried. Similarly remaining semicarbazones 6a-h were synthesized by using 
appropriate aromatic aldehydes 

 
Spectral data of benzaldehyde-N-3-nitronaphtho[2,1-b]furan-2-semicarbazones (6a) 
 

IR spectra (in cm-1) recorded in KBr on Perkin-Elmer FT-IR Spectrometer: 1673 (C=O), 
3291-3421 (N-H str), 1611 (N-H bend), 1516 –1301 (NO2 str) and 2921 (C-H str alkyl). 1H NMR 
(300MHz, DMSO): δ 7.4-8.7 (11H, m, Ar-H),δ  8.4 (1H, s, CH), and  δ 12.4 (1H, s, NH, D2O 
exchangeable). 
 
Spectral data of 4-methoxybenzaldehyde-N-3-nitronaphtho[2,1-b]furan-2-semicarbazones 
(6b) 
 

IR spectra (in cm-1) recorded in KBr on Perkin-Elmer FT-IR Spectrometer: 1652 (C=O), 
3427 (N-H str), 1601 (N-H bend), 1513 –1313 (NO2 str) and 2923 (C-H str alkyl).1HNMR 
(300MHz, DMSO): δ 3.8 (3H,t, CH3),δ 7.0-8.7 (10H, m, Ar-H), δ 8.4 (1H,s,CH)  and  δ 12.3 (1H, s, 
NH, D2O exchangeable).  
 
Spectral data of furan-2- carbaldehyde-N-3-nitronaphtho[2,1-b]furan-3-semicarbazones (6c) 
 

IR spectra (in cm-1) recorded in KBr on Perkin-Elmer FT-IR Spectrometer: 1613 (C=O), 
3521 (N-H str), 1570 (N-H bend), 1511 –1329 (NO2 str), 1280 (C-O-C str ) and 2923 (C-H str 
alkyl). 

1H NMR (300MHz, DMSO): δ 3.8(3H,t, CH3),δ 7.0-8.7 (10H, m, Ar-H), δ 8.4 (1H,s,CH)  and  
δ 12.3 (1H, s, NH, D2O exchangeable). 
 
The sequence of reactions is shown in the scheme 
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R, 
a. –C6H5    e. 3-NO2-C6H4 
b. 4–OCH3-C6H4   f. 4-Cl-C6H4 
c. –C4H3O    g. 2-OH-C6H4 
d. –CH=CH-C6H5   h. 2-Cl-C6H4 

 
The characterization of Physical and analytical data of the newly synthesized compounds is 

given in Table 1. 
Table 1 –Physical and analytical data of synthesized compounds 

  
Compound 

Molecular 
formula 

Molecular 
weight 

Melting point 
(0

0
C) 

Yield 
% 

Elemental analysis  
Found 

(Calculated %) 

C H O N 

1 C15H11NO5 285.25 93-95 76 63.15 
(63.18) 

3.87 
(3.88) 

28.00 
(28.02) 

4.90 
(4.91) 

2 C13H9N3O4 271.22 217-220 85 57.56 
(57.57) 

3.30 
(3.34) 

23.57 
(23.58) 

15.45 
(15.49) 

3 C13H6N4O4 282.21 110-112 90 55.31 
(55.32) 

2.12 
(2.13) 

22.69 
(22.68) 

19.85 
(19.85) 

4 C15H12N2O5 300.26 209-211 83 60.00 
(60.02) 

4.02 
(4.02) 

26.64 
(26.64) 

9.31 
(9.32) 

5 C13H10N4O4 286.24 220-223 63 54.55 
(54.56) 

3.51 
(3.52) 

22.33 
(22.35) 

19.57 
(19.57) 

6a C20H14N4O4 374.35 224-225 82 64.15 
(64.16) 

3.75 
(3.77) 

17.09 
(17.08) 

14.96 
(14.97) 

6b C21H16N4O5 404.37 221-222 80 62.36 
(62.37) 

3.97 
(3.99) 

19.78 
(19.78) 

13.85 
(13.86) 

6c C18H12N4O5 364.31 196-200 79 59.33 
(59.34) 

3.30 
(3.32) 

21.95 
(21.96) 

15.37 
(15.38) 

6d C22H16N4O4 400.38 228-230 70 65.98 
(66.00) 

4.01 
(4.02) 

15.97 
(15.98) 

13.99 
(14.00) 

6e C20H13N5O6 419.34 235-237 72 57.25 
(57.28) 

3.10 
(3.12) 

22.88 
(22.89) 

16.70 
(16.71) 

6f C20H13N4O4Cl 408.79 180-184 78 58.72 
(58.76) 

3.23 
(3.21) 

15.65 
(15.66) 

13.69 
(13.71) 

6g C20H14N4O5 390.34 285-288 69 61.51 
(61.54) 

3.61 
(3.62) 

20.48 
(20.49) 

14.33 
(14.35) 

6h C20H13N4O4Cl 408.79 236-240 68 58.69 
(58.70) 

3.17 
(3.18) 

15.71 
(15.69) 

13.67 
(13.69) 

Antimicrobial activity 
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In vitro antibacterial activity was determined by agar well diffusion method against 24 

hrs old culture of pathogenic bacteria such as Staphylococcus aureus ATCC 11632 (Gram +ve), 
Escherichia coli ATCC 10536, Xanthomonas campestris and Pseudomonas aeruginosa ATCC 
10145 (Gram –ve) using Ampicillin as standard a standard drug. The standard and test 
compounds were prepared in DMSO at different concentrations. The zone of inhibition was 
compared with standard drug after 24 hrs incubation at 370C. The results of antibacterial 
activity are presented in Table 2. 

 
Similarly antifungal activity was performed against Aspergillus niger, Aspergillus flavus 

(moulds) using Fuconazole as standard. The standard and test compounds were prepared in 
DMSO at different concentrations. The zone of inhibition was compared with standard drug 
after 48 hrs at 250C. The results of antifungal activity are presented in Table . 

 
Table 2 - Antibacterial activity of the synthesized compounds. 

 

 

Staphylococcus aureus ,  Escherichia coli, Xanthomonas campestris, Pseudomonas aeruginosa  
Standard: Ampicillin 

 
 
 

 

 

 
 
 
 

 
 

Table 3 - Antifungal activity of the synthesized compounds. 
 

Compound                                                 Zone of inhibition in mm 

S. aureus E. coli P. aeruginosa X. campestris 

 5mg 1.25
mg 

0.625
mg 

5mg 1.25
mg 

0.625
mg 

5mg 1.25
mg 

0.625
mg 

5mg 1.25
mg 

0.625
mg 

Standard 14 13 12 24 21 19 15 14 11 24 20 17 

Control  0 0 0 0 0 0 0 0 0 0 0 0 

4 8 9 11 15 10 9 15 11 10 14 13 11 

5 6 5 5 11 8 9 12 8 7 7 3 2 

6a 7 10 12 14 10 8 11 7 6 12 6 5 

6b 8 11 5 7 5 3 4 3 3 6 4 3 

6c 11 7 7 8 4 3 9 10 4 4 5 5 

6d 12 14 6 11 11 7 8 6 4 14 11 11 

6e 9 6 11 10 8 7 8 5 4 11 11 5 

6f 11 11 10 12 8 7 5 5 3 7 6 5 

6g - 2 6 - - - 4 4 3 5 4 3 

6h 5 5 6 10 8 7 4 4 3 11 11 5 

 
Compound 

Zone of inhibition in mm 
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Aspergillus niger, Aspergillus flavus 

 
Standard: Fuconazole 

 
RESULTS AND DISCUSSION 

 
The required starting material ethyl 3-nitronaphtho[2,1-b]furan-2-carboxylate 1 was 

synthesized according to the procedure reported in the literature [18] and it was confirmed by 
1H NMR spectrum in which multiplet at δ 7.2-8.6 due to aromatic protons, quartet at δ 4.5 due 
to CH2 and triplet at δ 1.5 due to CH3. Ethyl 3-nitronaphtho[2,1-b]furan-2-carboxylate 1 was 
converted into 3-nitronaphtho[2,1-b]furan-2-carbohydrazide 2 by refluxing with hydrazine 
hydrate(99%). The hydrazide 2 on diazotization with nitrous acid at 00C produced 3-
nitronaphtho[2,1-b]furan-2-carbonylazide 3 which on subsequent reaction with ethanol 
underwent Curitus rearrangement to give ethyl 3-nitronaphtho[2,1-b]furan-2-carbamate 4. The 
IR spectrum of 4 exhibited ester C=O absorption peak at 1728.65, N-Hstr. at 3445.90-
3420.89(free and associated) and NO2 at 1531.52. 1HNMR spectra showed characteristic peaks 
at δ 1.3 triplet for CH3, δ 4.2 quartet for CH2, δ 11.6 singlet for NH and δ 7.2-8.6 for aromatic 
protons. The mass spectrum showed m/z: 301.1(M+) as an supporting data for the structure. 
The carbamate 4 in turn, on condensation with hydrazine hydrate gave 3-nitronaphtho[2,1-
b]furan-2-semicarbohydrazide 5, which on reaction with different aromatic aldehydes produced 
corresponding 3-nitronaphtho[2,1-b]furan-2-semicarbazones 6a-h . The compound 6a was 
confirmed by 1H NMR spectral studies shows the characteristic signals at δ 7.4-8.7 due to 
aromatic eleven protons, δ 8.4 due to CH proton and  δ 12.4 due to NH proton on D2O 
exchange missing of NH proton was absorbed .  

 
In vitro antibacterial activity of selected compounds was carried out by agar well 

diffusion method against 24 hrs old culture of Staphylococcus aureus, Escherichia coli, 
Xanthomonas campestris and Pseudomonas aeruginosa. The compounds 4, 5, 6a, 6b, 6c, and 6f 
showed significant activity against all the bacteria. Enhanced activity was observed as in case of 
6d by increasing in conjugation. Antifungal activity was performed on Aspergillus niger and 
Aspergillus flavus. The compounds 4, 5, 6a, 6b, 6c, 6d, 6f and 6h showed moderate activity 

A.niger A.flavus 

 5mg 1.25mg 0.625mg 5mg 1.25mg 0.625mg 

Standard 20 18 16 15 14 13 

Control  0 0 0 0 0 0 

4 20 10 14 13 7 6 

5 13 10 9 13 9 7 

6a 15 13 10 10 10 8 

6b 13 11 10 13 11 8 

6c 11 10 7 10 7 6 

6d 11 10 14 7 6 6 

6e 14 9 8 7 6 6 

6f 7 6 6 12 11 9 

6g 5 4 5 8 6 6 

6h 15 12 12 6 11 10 
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against both the fungus. The compounds 4 and 6d were more active among screened 
compounds. 

 
CONCLUSION 

 
In conclusion, the reaction profile explained in the present work is very efficient to 

synthesize semicarbazones. The prepared compounds showed potent antimicrobial activities 
and these are promising compounds for further pharmacological studies. 
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