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| A series of flavones, carrying halogens, methoxy and nitro groups at various positions were synthesized by the Baker-Venkataraman

drugs.
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INTRODUCTION

Flavones (2-phenyl-4H-1-benzopyran-4-ones) are well
known natural products of the plant kindom', some of which
have been found to possess important bioactivities>*. Large
numbers of flavones are known to exhibit several activities
like anticancer®, antiviral®, antitumor’, antifungal’, antioxidant®,
antiinflammatory®, antibacterial'’. 4-Thioflavones (2-phenyl-
4H-1-benzopyran-4-thiones) are synthetic thioanalogue of the
flavones. Comparatively less work has been carried out on
these sulphur containing flavones. But thioanaloges of flavones
and isoflavones have received considerable attention due to
their photochemistry'' and their usefulness as precursors for
the synthesis of a variety of organic compounds'*". Similarly,
4-iminoflavones (2-phenyl-4H-1-benzopyran-4-imines) are
synthetic imines prepared from the direct reaction of flavones
with primary amino compounds. Iminoflavone have been
found to show antimicrobial and antimalarial activity'*. It is
well known that natural flavonoids are mostly hydroxylated,
methoxylated, prenylated and glycosylated both in ring A and
ring B and are mainly responsible for the reported biological
activities. On the other hand halogenated, sulphur and nitro
compounds are also biologically active but in nature no
flavonoids have been found having these as substituents. The
present work was therefore devoted to the synthesis of variably
substituted flavones, 4-thioflavones and 4-iminoflavones

their in vitro antifungal activity against Trichophyton longifusus, Candida albicans, Aspergillus flavus, Microsporum canis, Fusarium
solani and Candida glabrata. All synthesized compounds showed significant activity against 7. longusus, A. flavus, M. canis and F.
Solani but inactive against C. albicans and C. glabrata, respectively. 2-phenyl-4H-1-benzopyran-4-thiones were relatively more active

-
rearrangement and were subsequently converted to 4-thioflavones and 4-iminoflavones. The synthesized compounds were evaluated for |
than flavones and 4-iminoflavones. However, some compounds were even more active than standard miconazol and amphotericin B |
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either on ring A, B or both and to study the structure activity
relationship (SAR) of these modified flavonoids.

Flavones (4H-1-benzopyran-4-one) (3a-l) were synthe-
sized by the well known Baker-Venkataraman'’ rearrangement
(Scheme-I). Whereas 5-substituted 2- hydroxyacetophenone
(1) was converted to 1,3-diketone (2) by treating with benzoyl
chloride in the presence of KOH and pyridine followed by
reaction with H,SO. and glacial acetic acid. Different flavones
(3a-1), were converted to 4-thioflavone-4H-1-benzopyran-4-
thione) (4a-1) by the reaction with phosphorus pentasulfide,
solid sodium hydrogen carbonate and dry THF. Finally different
4-iminoflavones (5a-1)'® were obtained by treating flavones
(3a-1) with 2.4-dinitrophenyl hydrazine in the presence of
EtOH/H,SO, and the mixture was kept for 24 h'"'8,

EXPERIMENTAL

The synthesized compounds were tested by agar tube
dilution method" for their in vitro fungicidal activity. Miconazol
and amphoterine B (200 pg/mL) were used as positive control.
All experiments were done in three replicates. Six fungal
strains: Trichophyton longifusus, Candida albicans, Aspergillus
flavus, Microsporum canis, Fusarium solani and Candida
glabrata. were used. 24 h old culture containing ca. 10*-10°
colony forming unit (CFU) was spread on the surface of Muller
Hinton agar (MHA) plates. Wells were created in the medium
with the help of a sterile metallic borer. Test samples of different
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Scheme-1: Synthesis of flavones (3a-1), 4-thioflavones (4a-1) and 4-iminoflavones (5a-l)

concentrations were added in their respective wells. Experi-
mental plates were incubated at 27 °C for 7 days and zone of
inhibition were measured and compared with standard drugs.

RESULTS AND DISCUSSION

Results were reported as linear growth inhibition (LG1)
against some human pathogens (Table-1).

Considering the varied structure-activity relationships of
different series of compounds, it cannot be inferred that the
biological behaviour of a drug is determined by the influence
of a single parameter or variable. Furthermore, in most cases,
the presence or introduction of various functional groups in a
compound does not allow to accurately explain the kind and
intensity of its biological activity. However, taking necessary
precautions, the information in Table-1 may allow us to make
some general remarks on the structure and antifungal activity
of the analyzed flavones (3a-1), 4-thioflavones (4a-l) and
4-iminoflavones (5a-1).

From Table-1, it is clear that antifungal activity of flavones
increases on replacing oxygen atom with sulphur (4-thioflavones)
while in case of 4-iminoflavones (replacing oxygen atom with

nitrogen atoms at 4-position) the activity decreases or increases
depending upon the tested fungi.

Furthermore, it was noticed that when flavones, 4-thio-
flavones and 4-iminoflavones have methoxy group in the
B-ring at position 3, the linear percentage inhibition against
T. longifusus and A. flavus was 65 and 35 (3a), 75 and 40 (4a)
and 20 and O (5a), respectively as compared to the standard
drugs miconazol which showed 70 and 0, whereas there was
no inhibition against 7. longifusus and A. flavus by the second
standard drug amphotericin B. However, when a methoxy
group was present at 4'-position in ring-B, the activity increased
accordingly in flavones, 4-iminoflavones and 4-thioflavones.
The same pattern of activity is found with the replacement of
-OMe group in ring-B with -NO, group but the percentage of
inhibition decreased relatively. Similarly compounds 3h, 4h
and Sh which have methoxy groups in B-ring at positions 3'
and 4' showed strong antifungal activity against 7. longifusus.
Thus increase in activity is probably due to the resonance
effect of -OMe group that is more prominent at 4'-position
than 3'-position, whereas in case of a nitro group, it operates
in the opposite direction.
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TABLE-1
PERCENTAGE INHIBITION OF TESTED FUNGI BY FLAVONES (3a-1), 4-THIOFLAVONES (4a-1) AND
4-IMINOFLAVONES (5a-1) RELATED TO STANDARD DRUGS MICONAZOL AND AMPHOTERICIN B

Compound T. longifusus C. albicans A. flavus M. canis F. solani C. glabrata
3a 65 0 35 0 20 0
4a 75 0 40 0 0 0
Sa 20 0 0 0 0 0
3b 45 0 30 0 0 0
4b 60 0 35 0 0 0
5b 50 0 0 0 0 0
3c 65 0 48 20 0 0
4c 70 0 55 0 0 0
5S¢ 0 0 0 0 0 0
3d 0 0 50 55 0 0
4d 80 0 60 30 50 0
5d 50 0 35 40 0 0
3e 60 0 45 20 0 0
4e 68 0 0 35 0 0
Se 0 0 40 42 0 0
3f 50 0 40 0 0 0
4f 55 0 30 0 10 0
5f 40 0 0 0 0 0
3g 70 0 50 30 0 0
4g 80 0 50 35 15 0
5g 60 0 40 25 20 0
3h 70 0 45 40 40 0
4h 75 0 45 50 50 0
5h 55 0 0 0 0 0
3i 55 0 55 0 40 0
4i 60 0 60 0 50 0
5i 70 0 50 40 30 0
3j 60 0 40 50 70 0
4j 0 0 0 85 50 0
5j 80 0 60 70 60 0
3k 70 0 35 20 20 0
4k 0 0 0 0 70 0
5k 80 0 60 70 60 0
31 55 0 55 50 70 0
41 55 0 0 0 60 0
51 80 0 0 0 0 0

Miconazol 70 110.8 0 98.4 73.25 110.8

Amphotericin B 0 0 20 0 0 0

Moreover, when a methoxy group was present at both
positions i.e., 3' and 4', then both groups mutually enhanced
the activity against T. longifusus, A. flavum, M. canis and F.
solani. Linear percentage inhibition against these four fungi,
in this case (3h), was 70, 45, 40 and 40, respectively, whereas
in case of 4h percentage inhibition was enhanced to 75, 45,
50 and 50, respectively. The 4-imino analogue, Sh exhibited
lower percentage inhibition, 55 for 7. longifusus and O for
remaining three fungal strains. In the presence of electron-
withdrawing groups like -NO, at 2'- and 5' positions in ring-B
(compounds 3e, 4e and Se), the percentage inhibition decreased
further.

Flavones, 4-thioflavones and 4-iminoflavones having F
atom at position 4' in ring-B showed significant percentage
inhibition against 7. longifusus and A. flavum, but were inactive
against C. albicans and C. glabrata. This increase in activity
is probably due to the presence of fluorine at 4'-position which
is the most electronegative atom. However, compounds (3b,
4b and Sb) with a methyl group as a substituent on B-ring

were found to be only active against 7. longifusus and A.
flavum.

The results show that the electron-donating and electrone-
gative groups are responsible for the antifungal activity of
flavones, 4-thioflavones and 4-iminoflavones provided these
groups are present at 4'-position in ring-B rather than any other
position. Additionally, increase in inhibition of thio-analogues
is probably due to the larger size of the sulphur atom. Anti-
fungal analysis of flavones (3a-l) revealed that all flavones
except 3d show good or moderate activity against 7. longifusus,
A. flavus, M. canis, F. solani but were inactive against C.
albicans and C. glabrata, whereas their respective sulphur and
nitrogen analogues exhibited significant activity against 7.
longifusus, A. flavus, however, they were also found to be
inactive against C. albicans and C. glabrata.

A comparison of the antifungal activities of the three
series of compounds (Table-1) show that the flavone 31 having
a bromine atom at 6-position in ring-A exhibit percentage
inhibition of 55, 55 and 70 against 7. longifusus, A. flavus and
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F. solani and its respective thio- and imino- analogues exhibit
55, 0, 60 and 80, 0, 0, respectively, against the same fungal
species. However, when the bromine atom in ring-A is replaced
by chlorine (3k) and fluorine (3j), percentage inhibition is
changed to 70 and 60 against T. longifusus, respectively. The
same results are found in case of their respective thio-[4k (0 %),
4j (0 %)] and imino-[5k (80 %), 5j (80 %)] analogues, whereas
standard drug miconazol shows 70 % inhibition. None of the
compounds have inhibitory effect against C. albicans and
C. glabrata. However, all compounds showed significant
activity against 7. longifusus and A. flavus and moderate
activity against M. canis and F. solani.

It was also noticed that all 2-phenyl-4H-1-benzopyran-4-
thiones (4a-l) were relatively more active than flavones and
4-iminoflavones. This enhanced activity is due to replacement
of oxygen atom with sulphur at 4-position of flavones while
same extent of activity is reduced in case of 4-iminoflavones
where 2,4-dinitrophenylhydrazyl group is placed instead of
oxygen atom at 4-position of flavone. Less activity was noted
against M. canis and F. solani, the most potent compounds
against T. longifusus were 4a, 4d, 4g, 4h, 5k, 51 with % inhi-
bition of 75, 80, 80, 75, 80, 80, respectively while standard
drug miconazole has 70 % inhibitory effect. These compounds
exhibit even greater activity than the standard drugs miconazole
and amphotericin.B and can easily replace these as antifungal
drugs.

Conclusion

This research finding demonstrates that 4-thioflavones show
greater antifungal activity than flavones and 4-iminoflavones.
Furthermore, the electron donating groups such as -OCHj;
present at 4-position make these compounds more active
towards the fungi under investigation. Similarly, compounds
having fluorine group at 6-position also results in enhanced
activity. Almost all the synthesized compounds have shown
potent antifungal activity against A. flavus as compared to
standard drug amphotericin B. Similarly compounds 4a, 4d,
4g, 4h, 5k, 51 exhibited stronger activity against 7. longifusus
as compared to standard drug miconazol. Interestingly,
compounds of the series 4-iminoflavones did not show any

activity against A. flavus, M. canis, F. solani, C. albicans and
C. glabratabut compounds of the same series i.e., 5i, 5j and
Sk exhibited significant antifungal activities against
T. longifusus, A. flavus, M. canis and F. solani.
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