
"Science Stays True Here" 
Biological and Chemical Research, 44-50 | Science Signpost Publishing 

Antifungal Activity of Some Monoazaphenoxazine 
Carboxamide Derivatives 

Agbo Stephen1, Anoh Vitalis1 and Swande Peter2

1. Organic Chemistry Unit, Department of Chemistry, Faculty of Science, Benue State University, Makurdi, Nigeria.
2. Department of Basic Sciences, Akperan Orshi College of Agriculture, Yandev, Nigeria.

Received: December 09, 2015 / Accepted: January 12, 2016 / Published: February 25, 2017 

Abstract: The antifungal activity of some monoazaphenoxazine carboxamide derivatives was studied against 
Absidia corymbifera, Epidermophyton floccosum, Fusarium solani, Trichophyton rubrum, Mucor mucedo and 
Penicillum specie using sabouraud’s dextrose agar. Compound 2a, 2b, and 2c showed good sensitivity against 
Absidia corymbifera, Epidermophyton floccosum, Fusarium solani, and Trichophyton rubrum. Compounds 2d and 
2e reveal low sensitivity against Mucor mucedo and Penicillum specie. The presence of chloro-and-nitro substituents 
on the azaphenoxazine carboxamide ring played a significant role towards its antifungal activities 
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1. Introduction

Diseases caused by fungal infections are a serious source of concern and often trigger connections to
some other infections. The most important and challenging problem to the medicinal chemist is the 
tenacity to fight against the drug resistant fungi. Thus, developing antimicrobial drugs and maintaining 
their potency, in opposition to resistance by different classes of microorganisms as well as possessing a 
broad spectrum of antimicrobial activity are some of the major concern of research in this area. In recent 
years, considerable interest has been devoted to finding a new methodology for the synthesis of 
azaphenoxazine building blocks. Specifically, phenoxazine based chemical probe with aryl substituents 
have been documented as potent microbial agents [1- 4]. They are a veritable group of heterocycle in the 
field of medicinal chemistry due to their biological activities including anticancer [8, 14], anti-
inflammatory [13], antitubercular [10] and antimycobacterial [12] properties. Several substituted 
phenoxazines display important biological properties like antiviral activity [16], antitumor effects [14], 
antibacterial [7, 9, 10] and multidrug resistance reversal activity [5, 8]. Beside the general antibacterial 
activity, phenoxazines were shown to have a significant antifungal ability [2, 11]. This aspect is of 
interest to the present work, since some antimicrobial activities were found to be sensitive to 
azaphenoxazine derivatives [4]. In this connection, it was reported that azaphenoxazine carboxamide (1), 
a monoazaphenoxazine product, presented considerable inhibitory activity against various Gram-positive 
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and Gram-negative bacteria [4]. The synthetic approach adopted in this study was drawn upon the 
methodology used in our earlier paper [16].  

All the compounds 2a to 2e contain unique phenoxazine moiety having structural resemblance to the 
generic azaphenoxazine (1). This structural activity relationship instigated us to further evaluate the 
antifungal activities of these five synthesized compounds against Absidia corymbifera, Epidermophyton 
floccosum, Fusarium solani, Trichophyton rubrum, Mucor mucedo and Penicillum specie. 

2. Materials and Methods

2.1. Materials

Nutrient broth, Muller-Hinton broth and agar powder were purchased from Hi-Media. 
Dimethylsulphoxide (DMSO) was purchased from E. Merck. Reference antibiotic disks were purchased 
from Hi-Media. The other materials were purchased from E. Merck. Compounds 2a to 2e used in this 
work were synthesized in our laboratory. 

2.2. Fungal Culture 

Fungal cultures of Absidia corymbifera, Epidermophyton floccosum, Fusarium solani, Trichophyton 
rubrum, Mucor mucedo and Penicillum specie were obtained from the Microbial Type Culture Collection 
(MTCC), Institute of Microbial Technology (IMTECH), Chandigarh, India. These strains were 
maintained on dextrose agar slants, subcultured regularly (every 30 days) and stored at 4oC as well as – 
80oC by preparing suspensions in 10% glycerol.  

2.3. Synthesis of Monoazaphenoxazine Carboxamide Derivatives 

A Buchwald-Hartwig coupling of 3-chloro-1-azaphenoxazine (1) with various amides (Benzamide, 
formamide, urea, trichloroacetamide and nitrobenzamide) was carried out in the presence of nickel (II) 
chloride, triphenylphosphine ligand, potassium trioxocarbonate (iv), water and ter-butanol was heated 
under nitrogen atmosphere with a good yield ranging from 62 – 98 % with light yellow to brown solids. 
The method is summarized in scheme (I). 
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Scheme 1: Synthesis of azaphenoxazine carboxamide derivatives

2.3.1 Synthesis of compound 2a 

Dark brown, yield 85%, m.p.210 – 212 0C, IR (KBr, cm-1): 3369 (C-H , Ar-H), 3191 and 3071 (N-H), 
1655 (C=O, amide, C=N and C=C), 1403 and 1303 (C-C str), 1030 (C-N str), and 707 (C-O-C); 1H NMR 
(400 MHz, DMSO) δ ppm: 7.24 (td, J= (3.72, 6.41, 5.35)Hz, 2H, 2N-H), 7.46 (m, 2H, H (2), H (4), 7.88 
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(t, 3H, H6, H7, H8); 13C NMR (100 MHz, DMSO) ppm: 129.3 (C of aromatic ring), 129.6 (C=N, C-2), 
131.8 (C=C, C-8), 133.7 (C=O, amide). MS (m/z) 105(5), 245(3), 296(2), 303 (M+, 100); exact mass 
calcd for C11H7N2ONCOC6H5 303.0000. Found 303.1023. 

2.3.2 Synthesis of compound 2b 

Light brown, yield 82%. m.p.208 - 209 0C, IR (KBr, cm-1): 3352 (C-H str. of the aromatic system), 
3053 (N-H), 1596 (C=O of the carbonyl (amide), C=N and C=C), 692 (C-O-C); 1H NMR (400 MHz, 
DMSO) δ ppm: 7.24 (td, j=(2.99, 7.40)Hz, 2H, 2NH), 7.40 (m, 4H, H2, H4, H8, H9); 13C NMR (100 
MHz, DMSO) ppm:129.2 (C of aromatic ring), 129.3 (C=N, C-2), 129.4 (C=C, C-8), 133.7 (C=O, amide), 
133.9 (C-H) , 137.3 (C=C, C-4); MS (m/z): 137(1), 178(15), 210(3), 219(7), 227(M+,100) exact mass 
calcd for C11H7NHONNHCHO 227.0012. Found 227.1520. 

2.3.3 Synthesis of compound 2c 

Light brown, yield 62 %; m.p. 248 - 250 0C, IR (KBr, cm-1): 3419 (C-H, Ar-H), 1650 (C=O, C=N 
and C=C), 1083 (C-N), 673 (C-O-C). 1H NMR (400 MHz, DMSO) δ ppm: 7.24, (ddt, J (1.83, 4.56, 
7.55)Hz, 2H, 2NH), 7.39 (m, 3H, H7, H8, H9); 13C NMR (100 MHz, DMSO) ppm: 129.3 (Ar-C), 129.4 
(C=N, C-2), 129.6 (C=C, C-8), 133.7 (>C=O, amide), 137.1 (C-NH2); MS (m/z): 198(3), 209(7), 225(10), 
242(M+, 100) exact mass Calcd for C11H7N2 ONHCONH2 242.0256. Found 242.1562. 

2.3.4 Synthesis of compound 2d 

Light yellow, yield 98%, m.p 288 – 290 0C, IR (KBr, cm-1): 3414 (C-H str. of the aromatic system), 
3073 (N-H), 1676 (C=O str. of the amide, C=N and C=C), 1022 (C-N), 823(C-Cl), 823 (C-O-C); 1H 
NMR (400 MHz, DMSO) δ ppm: 7.24 (ddt (J=2.42, 6.04, 7.56)Hz, 2H, 2NH), 7.39 (dd, J=(2.06, 3.86)Hz, 
3H, H6, H7, H8); 13C NMR (100 MHz, DMSO) ppm: 129.3 (C of aromatic ring), 129.4 (C=N, C-2), 
129.6 (C=C-8), 132.0 (C-Cl), 132.1 (C=C, C-3) 132.6 (C=C, C-7), 133.8 (C=O, amide), 137.2 (C=C, C-4); 
MS (m/z): 198(7), 215(6), 298(10), 344 (M+, 100) exact mass Calcd for C13H7N2ONHCOCI3 344.5001. 
Found 344.5212. 

2.3.5 Synthesis of compound 2e 

Dark brown, yield 84%, m.p 287 – 289 0C, IR (KBr, cm-1): 3442 (C-H str. of the aromatic system), 
3182 and 3078 (N-H), 1672 (>C=O str of the carbonyl, >C=N and C=C str), 1529 (C-C), 1365 (C-NO2), 
1122 (C-N), 713 (C-O-C). 1H NMR (400 MHz, DMSO) δ ppm: 7.20 (S, 2H, 2NH), δ 7.34(S, 2H, H6, H7); 
13C NMR (100 MHz, DMSO) ppm: 126.3 (C of aromatic ring), 129.5 (C=N, C-2), 130.5 (C=C, C-8), 
133.7 (C=O, amide), 139.4 (C=C, C-9), 166.3 (C-NO2); MS (m/z): 221(3), 285(7), 312(3), 364(M+,100) 
exact mass Calcd for C11H7N2ONHCOC6H5NO2 364.1000. Found 364.1012. 

2.4. Inoculum Preparation 

Inoculums were prepared by transferring three to five well-isolated colonies of identical morphology 
to 5mL sterile nutrient broth from the respective dextrose agar plates. The broth cultures were then 
incubated for 24 h at 37 0C. The procedure was performed in accordance with the guidelines in [15] using 
a RPMI 1640 medium.  
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2.5. Antifungal activity Assay 

The synthesized compounds were screened for their antifungal activity against Absidia corymbifera, 
Epidermophyton floccosum, Fusarium solani, Trichophyton rubrum, Mucor mucedo, and Penicillum 
specie. Sabouraud’s dextrose agar (SDA) medium was used for the growth of fungi and testing was done 
in Sabouraud’s dextrose broth (SDB) medium. The subculture and the viable count were carried out in 
accordance with the guidelines in [15]. The incubation temperature was maintained at 28 ± 1°C for about 
72 h. The concentration of the test compound (50 µg/mL), solvent (DMSO - 200 mg/mL) and 
Ketoconazole (10 μg/disc) was used as positive reference standard. After the incubation period the zone 
of inhibition around the paper disc were measured in millimeters.  

The sensitivity of each derivative was classified by the diameter of the inhibition zone as per the 
procedure documented in [19]. For weakly sensitive strain (+), the total diameter lie between 1.00 – 1.25 
mm; mildly sensitive strain (++), the total diameter lie between 2.00 – 2.50 mm; very sensitive strain 
(+++), total diameter lie between 4.00 – 5.00 mm; and extremely sensitive strain (++++), the total 
diameter larger than 6.00 mm was obtained. 

2.6. Minimum Inhibitory Concentration (MIC) Determination 

Minimum inhibitory concentration (MIC) of compound is defined as the lowest concentration that 
will inhibit the visible growth of a microorganism after overnight incubation. The lowest concentration of 
the test compounds which caused apparently the inhibition of growth of organism, was taken as the 
minimum inhibitory concentration (MIC). The minimum inhibitory concentration was recorded by visual 
observation after 72 h of incubation. The sterile distilled water and DMSO did not show any inhibition.   

3. Results and Discussion

In the present work the mean value of the antifungal activity of monoazaphenoxazine carboxamide
derivatives are presented in Table 1. 

Table 1: Antifungal activity of azaphenoxazine carboxamide derivatives on fungal pathogens 

Compound      Zone of inhibition in diameter (mm) 
 Ac   Ef   Fs    Tr    Mm    Ps 

2a  1.25   5.00    1.25    1.25    5.00     15.0  
2b  15.0   15.0    5.00    2.50   15.0     15.0 
2c  2.50   15.0    5.00    1.25    15.0     15.0 
2d  15.0   15.0    15.0    15.0   5.00     15.0 
2e  15.0   15.0    15.0    15.0   5.00     5.00 
Ketoconazole  15.0   15.0   15.0    15.0  5.00     5.00 

The results obtained in this study indicated that the fungal pathogens tested against the derivative 2a 
showed that p. specie was found to be highly sensitive to its action followed by E. floccosum, M. mucedo, 
A. corymbifera, F. solani and T. rubrum. The minimum inhibitory concentration of 2a among the fungal
pathogens (shown in Table 2) reveal that A. corymbifera, F. solani and T. rubrum were found to be most
sensitive, followed by E. floccosum and M. mucedo being mildly sensitive. P. specie was comparatively
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least sensitive to 2a. The antifungal activity as well as the microbial inhibitory action of 2a could be 
attributed to phenyl ring substituent attached to the parent compound.  

Among the fungal pathogens tested against 2b, the result indicated that A. corymbifera, E. floccosum, 
M. mucedo and P. specie were found to be highly sensitive to their action followed by F. solani and T.
rubrum. The minimum inhibitory concentration of 2b among the fungal pathogens reveals that T. rubrum
and M. mucedo were most sensitive, followed by F. solani. A. corymbifera, E. floccosum and P. specie
were least sensitive. The microbial inhibitory action of 2b may be due to the formyl substituent attached
to the ring that enhanced its antimicrobial activity.

Among the fungal pathogens tested against 2c, the result indicated that E. floccosum, M. mucedo and 
P. specie were found to be highly sensitive to their action, followed by F. solani, A. corymbifera and T.
rubrum. The minimum inhibitory control of 2c reveals that T. rubrum was found to be most sensitive,
followed by A. corymbifera, F. solani and M. mucedo. E. floccosum and P. specie were comparatively
less sensitive to the action of derivative 2c. The antifungal activity of 2c may be due the action of amino
substituent attached to the parent compound.

Table 2: Minimum inhibitory concentration of azaphenoxazine carboxamide derivatives on the growth of fungal 
pathogens 

________________________________________________________________________________________________________ 
Fungal pathogens        Azaphenoxazine carboxamide derivatives 

  ________________________________________________________________________________ 
2a  2b  2c  2d  2e 

________________________________________________________________________________________________________ 
A. corymbifera ++++                  + +++ + + 
E. floccosum ++  + + + + 
F. solani ++++     ++ ++ + + 
T. rubrum ++++    +++ ++++ + + 
M. mucedo ++ ++ ++ ++ ++ 
P. specie + + + + + 
________________________________________________________________________________________________________ 

  +: Weakly Sensitive, ++: Mildly Sensitive, +++: Very Sensitive, ++++: Extremely Sensitive 

The results obtained for 2d and 2e indicated that A. corymbifera, E. floccosum, F. solani, T. rubrum 
and P. specie were found to be highly sensitive to their action, followed by M. mucedo and P. specie as 
with 2e. The minimum inhibitory control of 2d and 2e show that M. mucedo was the most sensitive 
fungal pathogen, followed by A. corymbifera, E. floccosum, F. solani, T. rubrum and P. specie. The 
antifungal activity of 2d and 2e may be due to the presence of the chloro-and-nitro substituents on the 
phenoxazine moiety. 

From the SAR investigation, compounds 2d and 2e showed greatest antifungal activity compared to 
compounds 2a, 2c and 2b. Due to the changing nature of substituents on the synthesized phenoxazine ring 
reveals that the carboxamide functionalized derivatives show relatively significant antifungal activity.  
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4. Conclusion

This report presents the pioneering findings on the potent antifungal activity of compounds 2a to 2e
against Absidia corymbifera, Epidermophyton floccosum, Fusarium solani, Trichophyton rubrum, Mucor 
mucedo and Penicillum specie. The novelty of the synthesized compounds with highly efficient synthetic 
protocol largely supports them as potential antifungal candidates. The presence of azaphenoxazine 
carboxamide moiety and the attached substituent’s on the phenyl ring played a significant role towards its 
antifungal activities. 
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