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Antifungal activity of dihydrobenzofuran neolignans

Abstract

In this study, we report on the antifungal activity in vitro of eight dihydrobenzofuran
neolignans (DBNs) against selected dermatophytes in terms of their minimal inhibitory
concentrations (MIC). Our results revealed that compound 3 ((+)-trans-dehydrodicafeate
dimethyl ester), 4 ((£)-4-O-acetyl-trans-dehydrodicoumarate dimethyl ester) and 7
((%)-7°,8’-dihydro-7,8-dehydro-trans-dehydrodicoumarate dimethyl ester) were weakly
active (MIC=1000pg/mL) against Trichophyton mentagrophytes, whereas the other DBNs
were inactive (MIC>1000pg/mL). These data, as compared with previous reports in the
literature, suggest that a methyl ester function at C9 and C9’ decrease the antifungal activity

of DBN.
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Introduction

Superficial fungal infections of the skin, hair, and nails are
dermatomycoses that affect the individuals’ health quality of life and
are considered a public health issue.'? Dermatological infections
affect more than 25% of the people worldwide living in tropical and
subtropical regions, mainly individuals involved in outdoor activities,
such as agriculture, lumbering, and hunting, among others.*® The
responsible for the dermatomycoses is pointed out as dermatophytes,
non-dermatophytic filamentous and yeasts forms of fungi, but in most
of the cases, the etiologic agents are the dermatophytes.” Furthermore,
the species causative of dermatomycoses demonstrate considerable
variation depending on the geographical location, economic situations
as well as population migrations and weather conditions, and can
affect the treatment of such fungal infections.!*3

Besides the dermatomycoses have been increased over the years,
the known treatment available for these diseases is still based on the
use of triazoles (fluconazole, itraconazole, voriconazole), imidazoles
(ketoconazole), allylamines (terbinafine) and griseofulvin.’ The
resistance to these therapeutic agents, as well as the increasing number
of immunocompromised individuals by HIV, transplanted individuals,
and individuals in cancer treatment, have decreased the number of
effective drugs available for the treatment of dermatomycoses.'* In
this scenario, there has been an increasing interest for the search of
lead compounds to be used in the treatment of dermatomycoses.''?

Dihydrobenzofuran neolignans (DBN) are compounds derived
from the coupling of two phenylpropanoids (C,C, units) linked
specifically by 7.0.4’ and 8.5° positions.”*!* Various biological
activities have been reported for DBN, such as anti-inflammatory,"
antileishmanial,'® antitumor,'” antioxidant, and cytotoxic.'"® DBNs
have been also reported to display interesting antifungal activities.'*
Thus, as part of our ongoing project on the biological activities

of dihydrobenzofuran neolignans, in this paper we investigate
the antifungal activity of eight synthetic DBN against selected
dermatophytes.

Materials and methods

Synthesis of dihydrobenzofuran neolignans 1-8

The dihydrobenzofuran neolignans 1 ((£)-trans-
dehydrodicoumarate dimethyl ester), 2 ((+)-trans-dehydrodiferulate
dimethyl ester) and 3 ((+)-trans-dehydrodicafeate dimethyl ester)
(Figure 1) were synthesized by oxidative coupling of methyl
coumarate (a), ferulate (b) and caffeate (c), respectively, employing
silver (I) oxide as oxidant agent, as previously described by
Medeiros and co-workers.?* Further acetylation of 1 and 2 afforded
4 ((¢)-4-O-acetyl-trans-dehydrodicoumarate dimethyl ester) and 5
((£)-4-O-acetyl-trans-dehydrodiferulate dimethyl ester). Oxidation
with DDQ and further hydrogenation produced 6 ((+)-7,8-dehydro-
trans-dehydrodicoumarate dimethyl ester) and 7 ((£)-7’,8’-dihydro-
7,8-dehydro-trans-dehydrodicoumarate dimethyl ester), respectively.
In addition, hydrogenation of compound 1 afforded compound 8
((£)-7’,8’-dihydro-trans-dehydrodicoumarate dimethyl ester). These
compounds were synthesized employing previously procedures
reported with modifications.?*?¢ All the structures were confirmed
on the basis of NMR, EI-MS and IR data and comparison with the
literature.?>2¢

Antifungal activity

The antifungal activity of compounds 1-8 against Candida albicans
(ATCC 64548), Candida parapsilosis (ATC 90028), Candida glabrata
(ATCC 22019), Candida krusei (ATCC 90030), Candida tropicalis
(ATCC 6258) and Trichophyton mentagrophytes (INCQS 40051)
was evaluated in terms of minimum inhibitory concentration (MIC),
according to the standard M38-A2 of the Clinical and Laboratory
Standards Institute (CLSI) protocol with some modifications, as
described below.?’

Compounds 1-8 were dissolved in dimethylsulfoxide (DMSO)
at 2mg/mL (stock solution). The inoculum of the fungi strains
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were suspended in 0.9% saline solution and adjusted to obtain
approximately 5x103CFU/mL. Then, 100uL of the cell suspensions
were applied in 96-wells cell culture microplates, added to
compounds 1-8, 125uL DMSO and 1875uL of RPMI 1640 medium.
Serial dilutions were performed by transferring 50uL from the
previous well to the following. Compounds 1-8 were tested at final
concentrations between 1000 and 6.25ug/mL. Tests and controls were
performed in triplicate, using negative controls of sterility for RPMI
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1640 medium and DMSO and a positive control of bacterial growth.
The microplates were incubated by adding 20uL of a 0.01% aqueous
solution (30uL, 0.01%) of resazurin. After incubation at 37°C for 1h,
the minimum inhibitory concentration was determined as the lowest
concentration of the sample capable of preventing the colour of the
resazurin solution from changing.®® Amphotericin B was used as
positive control at concentrations from 0.156 to 16,0ug/mL.

4:R=H
5 R=0CH;

Figure | Synthesis of compounds |-8. (i) Ag,0, Me,CO/C H, 5:8 (v/v), r.t,, 20h; yields=34% for |,40% for 2;and 36% for 3; (i) Ac,O, Pyr, 48h, r.t; yields of 96%
for 4 and 82% for 5; (iii) DDQ, dioxane, 105°C, 22h;Yield of 74% for 6; (iv) h,, Pd/C (5%), 60 psi, 2h;Yield of 96% for 7; (v) h,, Pd/C, 60 psi, 2h;Yields of 96% for 8.

Results and discussion

We investigated the antifungal activity of compounds 1-8 against
selected dermatophytes in terms of their minimum inhibitory

concentration (MIC) values as compared to Amphotericin B (positive
control). Table 1 summarizes the MIC values. The lowest MIC
values were obtained for 3, 4 and 7 (MIC=1000pug/mL) against 7.
mentagrophytes.

Table | Minimum inhibitory concentration (MIC) values (ug/mL) of compounds |-8 against selected fungi

Compound C. Parapsilosis C.Albicans C.Tropicalis C. Krusei C. Glabrata T. Mentagrophytes
| >1000 >1000 >1000 >1000 >1000 1000
2 >1000 >1000 >1000 >1000 >1000 >1000
3 >1000 >1000 >1000 >1000 >1000 1000
>1000 >1000 >1000 >1000 >1000 1000
5 >1000 >1000 >1000 >1000 >1000 >1000
6 >1000 >1000 >1000 >1000 >1000 >1000
7 >1000 >1000 >1000 >1000 >1000 >1000
8 >1000 >1000 >1000 >1000 >1000 >1000
PC 0.0625 0.5 0.5 0.5 0.5 0.5

PC, positive control (Amphotericin B)

According to the literature, MIC values lower than 100ug/mL,
between 500 and 1000pg/mL, and higher than 1000pg/mL correspond
to promising, moderate and weak activities, respectively, whereas
MIC values higher than 1000pug/mL denotes inactivity.”! Based on
these criteria, compounds 3, 4 and 7 displayed weak activity against
T. mentagrophytes, whereas all the other tested compounds were
inactive against the other selected dermatophytes.

Pessini and co-workers reported the antifungal activity of
conocarpan, O-methylconocarpan, epomatenoid-4, epomatenoid-5
and epomatenoid-6 isolated from Pipper regnelli against C. albicans,
C.krusei, C. parapsilosis, C. tropicalis and T. mentagophytes.
Conocarpan was the most active among these compounds, with MIC
values of 6.25ug/mL against C. albicans and C. tropicalis. Based on
these results, the authors suggested that the presence of phenol hydroxyl
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group increase the antifungal activity, whereas the presence of double
bond at furan ring (C7-C8) decreases the antifungal activity. In this
study, we evaluated eight synthetic dihydrobenzofuran neolignans
displaying different structure features from those natural compounds
investigated by Pessini and co-workers. Our results, as compared with
those previously reported,?' strongly suggested that the presence of a
methyl ester function at C9 and C9’ decreases the antifungal activity
of DBNs. However, the fact that most of the compounds investigated
were inactive against the selected dermatophytes in the range of
tested concentration makes difficult to propose other structure-activity
relationships.

Conclusion

The results obtained from this study demonstrated that compounds
1-8 are inactive or weakly active against the selected dermatophytes.
Considering that some structure-activity relationships could not be
evidenced from these data, further studies on the antifungal activity
of other dihydrobenzofuran neolignans displaying wider structure
diversity should be undertaken.
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