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Seventeen Schiff bases bearing 2-aminothiophene derivatives were designed and synthesized
using molecular simplification. The resulting compounds (4a-4q) were evaluated for their in vitro
antifungal activity against dermatophytes. Prediction of their druglikeness and pharmacokinetic
properties, establishment of their structure-activity relationships (SAR), and cytotoxic evaluation
of the most active compounds were performed. Using an eco-friendly procedure, microwave
assisted synthesis resulted in compounds in good yields (35-85%). Compounds 4a-4q presented
good druglikeness and pharmacokinetic profiles and no cytotoxicity for any cell line tested up to
100 uM. The compounds presenting the best antifungal profiles were 4e, 4f, 4g, 4k, 41, 4m, 40
and 4p with more than one minimum inhibitory concentration (MIC) value occurring between
16-64 ug mL", thus, in some cases better than the reference drug (fluconazole). SAR testing
indicated that the presence of halogens and nitro substituents increases antifungal activity. Taken
together, the results demonstrate that 2-aminothiophene derivatives are promising lead compounds
for the development of antifungal drugs.
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Introduction

During the past few decades, the incidence of
fungal infection has substantially increased worldwide,
and dermatophytoses, being one of the most common
mycoses in humans, represent approximately 25% of this
increase.'> Dermatophytes are filamentous fungi that
cause dermatophytosis or tinea. They belong to the
oldest groups of microorganisms and are recognized
as agents of human disease, infecting keratinized
tissues such as skin, hair and nails.>* The emergence of
resistant dermatophytes in recent years has become a
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matter of worldwide concern, provoking interest in the
development of new drugs with antifungal potential.>®

Despite the existence of various classes of
antifungal agents such as azoles, polyenes, allylamines,
antimetabolites, and echinocandins, the search for new
agents against pathogenic fungi is of great importance
and urgency, since the currently available antifungal drugs
present severe side effects and toxicity. The most common
side effects associated with the use of antifungals are
serious: nephrotoxicity is observed with amphotericin B,
the most common polyene,” hepatotoxicity is associated
with all azoles,® hepatotoxicity and bone marrow
depression are caused by flucytosine,’ heart disease is
associated with echinocandin,'® and gastrointestinal and

A\


https://orcid.org/0000-0003-4863-8057
https://orcid.org/0000-0003-3588-833X

1018

hepatobiliary disorders are associated with the use of
terbinafine."

As if this was not enough, antifungal resistance to all of
these drugs is common and often reported. This is directly
reflected in increased morbidity and mortality.'>!* There is
areal need for new antifungal drugs.

Drug design and development is a complex and
multidisciplinary process that aims to obtain new chemical
entities with both the desired pharmacological effect and
clinical safety (toxicity thus being absent or negligible).
To achieve such characteristics, a crucial step is the choice
of a pharmacophore group (or groups) that will lend to
the drug candidate an appropriate pharmacodynamic and
pharmacokinetic (absorption, distribution, metabolism,
excretion and toxicity (ADMET)) profile.

Due to their great chemical versatility and valuable
pharmacological properties, Schiff bases and thiophene
derivatives are widely known.'*!3 Their roles in the field
of antifungal therapy stand out. Commercial antifungals
with applications in dermatology, such as sertaconazole,
oxiconazole,'” and imibenconazole® (Figure 1) present
these pharmacophoric groups. Other examples of
antifungal candidates presenting Schiff bases or thiophene
scaffolds in their chemical structures are presented in
Figure 1. These include: (i) Schiff bases containing a
2,4-dichloro-5-fluorophenyl group (I), being equipotent
to fluconazole against Aspergillus flavus, A. fumigatus,
Penicillium marneffei and Trichophyton mentagrophytes
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strains;?! (ii) Schiff bases bearing salicylaldehyde (II)
with anti-Candida albicans activity comparable to
fluconazole;?* (iif) imine containing a kakuol moiety (IIT)
against phytopathogenic fungi, especially against
Alternaria alternata;®® (iv) Schiff bases containing
piperonyl (IV) capable of inhibiting the growth of
Epidermophyton floccosum and Trichophyton rubrum;*
and (v) Schiff bases of 4-(4-aminophenyl)-morpholine
(V) with antifungal properties against Aspergillus niger
and C. albicans.”

In recent years, our research group has investigated the
potential of Schiff bases bearing cycloalka[b]thiophene
derivatives for inhibiting the growth of various fungal
species, especially Cryptococcus neoformans.**® Various
compounds, such as 2-(4-nitrobenzylidene)-amino-
4,5,6,7-tetrahydro-4H-benzo[b]thiophene-3-carbonitrile
(named 6CN10) (VI) (Figure 1) are promising. However,
the low water solubility of these compounds is a
limiting factor, especially when conducting in vivo
studies.”” To overcome these limits, since 2014, efforts
have been made to prepare adequate formulations that
contain the most promising Schiff bases; those bearing
cycloalka[b]thiophene derivatives. Inclusion complexes
with 2-hydroxypropyl-B-cyclodextrin (HP-3-CD),*
microemulsions,* and nanoparticles (nanospheres/
nanocapsules)! have been prepared with a view to
increase water solubility and antifungal activity. In
view of these considerations, and continuing our

SO;Na
-
N

OH I

SACI

Figure 1. Antifungal agents under development or marketed containing Schiff bases and thiophene derivatives.
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Figure 2. Rationale for the synthesis of new Schiff bases bearing 2-aminothiophene derivatives with improved antifungal activity.

program to develop compounds with potent antifungal
activity, we have (through a strategy of molecular
simplification)*>** designed a new series of Schiff bases
bearing 2-aminothiophene derivatives obtained from
1,4-dithiane-2,5-diol. This makes it possible to obtain
unsubstituted Gewald adducts C-4 and C-5 (Figure 2).3%¢
The new compounds present lower partition coefficient
(octanol-water) (LogP) values when compared with their
cycloalka[b]thiophene analogues,??® improving both
water solubility and their pharmacokinetic profiles; and
resulting in a potential increase in antifungal activity.

The aim of this study was to evaluate the in vitro
antifungal activity against dermatophytes of new Schiff
bases bearing 2-aminothiophene derivatives, synthesized
using a molecular simplification strategy. Prediction of their
druglikeness and pharmacokinetic ADMET properties,
establishment of their structure-activity relationships, and
cytotoxic evaluation of the most active compounds were
also performed.

Experimental
Chemistry

All reagents and solvents were purchased from Sigma-
Aldrich (St. Louis, USA), Fluka (Buchs, Switzerland),
Neon (Suzano, Brazil), Vetec (Duque de Caxias, Brazil)
and used without further purification. Melting points were
measured using a model MA-381 melting point (Marconi,
Sao Paulo, Brazil), apparatus and are uncorrected. Synthesis
under microwave irradiation was carried out on a Discover-
System (CEM, Laguna Hills, USA). 'H nuclear magnetic
resonance (NMR), *C NMR, two-dimensional NMR
(heteronuclear single quantum coherence spectroscopy
(HSQC) and heteronuclear multiple bond correlation
(HMBCQ)) spectra were recorded in dimethyl sulfoxide
(DMSO-d;) on a Varian Unity Plus 400 MHz spectrometer
(Bruker, Billerica, USA). Chemical shifts (0) are given
in parts per million (ppm). Multiplicities are reported as
singlet (s), doublet (d), doublet of doublets (dd), triplet (t),
quartet (q) and multiplet (m), and the observed coupling
constants (J) provided in hertz (Hz). Peaks are assigned

where possible. Infrared spectra were acquired on a
VERTEX 70 series FTIR spectrometer (Bruker, Billerica,
USA) using KBr discs, and the wavenumbers related to
the transmittance minima (v,,,,) in cm™ are reported. Exact
mass measurements of the molecular ions were obtained
on a Bruker Daltonics the micrOTOF-Q II™ ESI-Qq-
TOF mass spectrometer (Bruker, Billerica, USA). The
chromatographic analysis had reaction progress monitored
by thin layer chromatography using Merck (Darmstadt,
Germany) TLC Silica gel 60 F,s, aluminium sheets and
detection by short and long wavelength ultraviolet light
(254 and 365 nm).

General

General procedure for the synthesis of compounds 4a-4q
Method A: in a round bottom flask were added 1 equiv of
1,4-dithiane-2,5-diol (1) and 2 equiv of malononitrile (2).
Methanol (MeOH) was added to dissolve the mixture, and
then triethylamine (0.6 equiv) was added dropwise. The
reaction proceeded at 60 °C with stirring for 4 h. After
4 h, substituted aromatic aldehydes (2 equiv) and acetic
acid (0.7 equiv) were added in the reaction medium, and
the reaction proceeded at room temperature overnight.
After completion of the reaction, the final products (4a-4q)
were filtered and washed successively with cold water and
MeOH to obtain chromatographically pure solid residues.
Method B: in a microwave tube were added 1 equiv
of 1,4-dithiane-2,5-diol (1), 2 equiv of malononitrile (2),
sodium bicarbonate (1.3 equiv) and 2 mL of ethylene
glycol. The reaction mixture was irradiated (150 W) at
80 °C for 8 min (ramp time: 5 min) in the microwave
apparatus. After cooling, the microwave tube was
opened, and were added substituted aromatic aldehydes
(2 equiv), acetic acid (1.5 equiv) and 0.5 mL of ethylene
glycol. Then, the reactional mixture was subjected under
microwave irradiation (150 W) at 50 °C for 2 min (ramp
time: 2 min 30 s). After completion of the reaction,
the final products (4a-4q) were filtered and washed
successively with cold MeOH/water (1:1) to obtain
chromatographically pure solid residues.
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2-(4-Methoxybenzylidene)aminothiophene-3-carbonitrile
(4a)

Green crystals; yield 86% (method A), 85% (method B);
mp 133.4-135.2 °C; IR (KBr) v / cm™ 3101, 2227, 1593;
'HNMR (400 MHz, DMSO-d;) 6 3.61 (s, 3H, OCH,), 6.87
(d, 2H, J 8.8 Hz, Ph-H), 7.11 (d, 1H, J 5.6 Hz, H-4), 7.25
(d, 1H, J 6.0 Hz, H-5), 7.71 (d, 2H, J 8.8 Hz, Ph-H), 8.43
(s, 1H, CH=N); '3C NMR (100 MHz, DMSO-d,) ¢ 56.0,
106.1, 115.1, 115.3, 123.1, 124.5, 127.9, 129.4, 132.0,
162.2; HRMS (ESI) m/z, calcd. for C;H,,N,OS [H]*:
243.0595, found: 243.0593.

2-(4-Chlorobenzylidene)aminothiophene-3-carbonitrile (4b)

Green crystals; yield 66% (method A), 52% (method B);
mp 104.3-105.9 °C; IR (KBr) v/ cm™ 3111, 2229, 1590;
'HNMR (400 MHz, DMSO-d,) 6 7.39 (d, 1H, J 5.6 Hz, H-4),
7.58 (d, 1H, J 5.6 Hz, H-5), 7.61 (d, 2H, J 1.4 Hz, Ph-H),
7.99 (d, 2H, J 1.0 Hz, Ph-H), 8.77 (s, 1H, CH=N); *C NMR
(100 MHz, DMSO-dy) 6 99.4, 105.6, 114.4, 123.8, 127.5,
129.1, 130.8, 133.4, 137.3, 161.0; HRMS (ESI) m/z, calcd.
for C,,H,CIN,S [H]*: 247.0095, found: 247.0097.

2-(4-Fluorobenzylidene)aminothiophene-3-carbonitrile (4c)

Green crystals; yield 55% (method A), 66% (method B);
mp 109.3-110.1 °C; IR (KBr) v / cm™ 3128, 2228, 1580;
'"H NMR (400 MHz, DMSO-dy) 6 7.43 (d, 1H, J 6.0 Hz,
H-4), 7.65 (d, 1H, J 5.6 Hz, H-5), 7.85 (t, 1H, J 8.0 Hz,
Ph-H), 8.39-8.42 (m, 2H, Ph-H), 8.77-8.78 (m, 1H, Ph-H),
8.95 (s, 1H, CH=N); “C NMR (100 MHz, DMSO-d;)
0 107.0, 114.9, 124.0, 125.2, 127.1, 128.3, 131.2, 135.3,
136.7, 161.0; HRMS (ESI) m/z, calcd. for C,H,FN,S [H]*:
231.0370, found: 231.0393.

2-(2,4-Dichlorobenzylidene)aminothiophene-3-carbonitrile
(4d)

Yellow crystals; yield 49% (method A), 35% (method B);
mp 152.6-153 °C; IR (KBr) v / cm™ 3121, 2232, 1582;
'H NMR (400 MHz, DMSO-d,) 6 7.43 (d, 1H, J 5.6 Hz,
H-4), 7.61 (dd, 1H, J 8.4, 2.0 Hz, Ph-H), 7.65 (d, 1H,
J 5.6 Hz, H-5), 7.80 (d, 1H, J 2.0 Hz, Ph-H), 8.15 (d, 1H,
J 8.8 Hz, Ph-H), 8.83 (s, 1H, CH=N); *C NMR (100 MHz,
DMSO-d,) 6 106.9, 114.8,125.2, 126.8, 128.4, 128.8, 130.3,
130.4, 132.8, 136.8, 138.4, 156.8; HRMS (ESI) m/z, calcd.
for C,,H,C1,N,S [H]*: 280.9700, found: 280.9708.

2-(2,6-Dichlorobenzylidene)aminothiophene-3-carbonitrile
(4e)

Yellow crystals; yield 56% (method A), 83% (method B);
mp 150.1-151.5 °C; IR (KBr) v / cm™ 3107, 2225, 1578;
'"H NMR (400 MHz, DMSO-d,) 6 7.46 (d, 1H, J 5.6 Hz,
H-4), 7.55 (dd, 1H, J 8.8, 7.2 Hz, Ph-H), 7.63 (d, 2H,
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J 8.0 Hz, Ph-H), 7.69 (d, 1H, J 5.6 Hz, H-5), 8.90 (s, 1H,
CH=N); *C NMR (100 MHz, DMSO-d;) 6 106.6, 114.2,
125.1, 128.1, 129.6, 130.2, 132.8, 134.7, 157.9, 161.5;
HRMS (ESI) m/z, calcd. for C,,H,C1,N,S [H]*: 280.9707,
found: 280.9708.

2-(2-Nitrobenzylidene)aminothiophene-3-carbonitrile (4f)

Green crystals; yield 44% (method A), 52% (method B);
mp 179.8-80.3 °C; IR (KBr) v / cm™ 3100, 2233, 1509;
'H NMR (400 MHz, DMSO-d;) 6 7.46 (d, 1H, J 5.6 Hz,
H-4),7.66 (d, 1H, J 5.6 Hz, H-5), 7.83 (t, 1H, J 7.2 Hz,
Ph-H), 7.92 (t, 1H, J 7.6 Hz, Ph-H), 8.16 (d, 1H, J 8.0 Hz,
Ph-H), 8.21 (d, 1H, J 7.6 Hz, Ph-H), 9.04 (s, 1H, CH=N);
3C NMR (100 MHz, DMSO-d,) 6 108.8, 114.7, 117.2,
125.3, 125.4, 128.5, 130.0, 131.5, 133.4, 134.5, 159.1,
164.5; HRMS (ESI) m/z, caled. for C,,H;N;0,S [H]*:
258.0329, found: 258.0338.

2-(3-Nitrobenzylidene)aminothiophene-3-carbonitrile (4g)
Green crystals; yield 64% (method A), 78% (method B);
mp 196.3-197.6 °C; IR (KBr) v / cm™ 3096, 2232, 1522;
'"H NMR (400 MHz, DMSO-d,) 6 7.19 (d, 1H, J 5.6 Hz,
H-4), 7.41 (d, 1H, J 5.6 Hz, H-5), 7.60 (t, 1H, J 8.0 Hz,
Ph-H), 8.14-8.18 (m, 2H, Ph-H), 8.53 (t, 1H, J 2.0 Hz,
Ph-H), 8.71 (s, 1H, CH=N); *C NMR (100 MHz,
DMSO-d,) 6 107.0, 114.9, 124.0, 125.2, 127.1, 127.2,
128.3,131.2,135.3, 136.7, 160.9, 161.0; HRMS (ESI) m/z,
calcd. for C,,H,N,0,S [H]*: 258.0333, found: 258.0338.

2-(2-Hydroxybenzylidene)aminothiophene-3-carbonitrile
(4h)

Green crystals; yield 45% (method A), 79% (method B);
mp 131.5-133.4 °C; IR (KBr) v/ cm™ 3115, 2228, 1604;
"HNMR (400 MHz, DMSO-d,) 6 6.98-7.02 (m, 2H, Ph-H),
740(d, 1H,J5.6 Hz, H-4),7.47 (dt, 1H,J 7.2, 1.6 Hz, Ph-H),
7.58 (d, 1H, J 5.6 Hz, H-5), 7.82 (dd, 1H, J 8.0, 1.6 Hz,
Ph-H), 8.97 (s, 1H, CH=N), 11.49 (s, 1H, OH); “C NMR
(100 MHz, DMSO-d,) 6 104.7,114.4,116.8, 119.4, 119.7,
123.5,127.3,131.0, 134.8,159.9, 161.7, 162.2; HRMS (ESI)
m/z, calcd. for C,,H;N,OS [H]*: 229.0427, found: 229.0454.

2-(4-Methylbenzylidene)aminothiophene-3-carbonitrile (4i)

Green crystals; yield 59% (method A), 27% (method B);
mp 116.5-117.1 °C; IR (KBr) v / cm™ 3109, 2222, 1599;
'H NMR (400 MHz, DMSO-d;) ¢ 2.39 (s, 3H, CH,), 7.37
(d, 2H, J 8.0 Hz, Ph-H), 7.38 (d, 1H, J 5.6 Hz, H-4), 7.54
(d, 1H, J 5.6 Hz, H-5), 7.90 (d, 2H, J 8.0 Hz, Ph-H), 8.72
(s, IH, CH=N); *C NMR (100 MHz, DMSO-d;) 6 21.3,
104.8, 114.7, 123.2, 127.5, 129.4, 129.7, 132.0, 143.3,
162.3, 163.4; HRMS (ESI) m/z, calcd. for C,;H,,N,OS
[H]*: 227.0626, found: 227.0644.
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2-{(4-(Dimethylamino)benzylideneamino}thiophene-
3-carbonitrile (4j)

Orange crystals; yield 31% (method A), 55%
(method B); mp 143.5-144.3 °C; IR (KBr) v /cm™ 3094,
2225, 1579; '"H NMR (400 MHz, DMSO-d;) 6 3.05 (s,
6H, CH,), 6.81 (d, 2H, J 8.8 Hz, Ph-H), 7.28 (d, 1H,
J 5.6 Hz, H-4), 7.37 (d, 1 H, J 6.0 Hz, H-5), 7.81 (d, 2H,
J 8.8 Hz, Ph-H), 8.49 (s, 1H, CH=N); *C NMR (100 MHz,
DMSO-dy) 6 39.6,102.2,111.5,115.2,120.9, 121.7,127.1,
131.5, 153.3, 161.5, 165.3; HRMS (ESI) m/z, calcd. for
C,,H,;N;S [H]*: 256.0914, found: 256.0909.

2-(4-Nitrobenzylidene)aminothiophene-3-carbonitrile (4k)

Brown crystals; yield 60% (method A), 90% (method B);
mp 153.8-155.4 °C; IR (KBr) v / cm™' 3093, 2230, 1720;
'H NMR (400 MHz, DMSO-d,) 6 7.47 (d, 1H, J 5.6 Hz,
H-4), 7.70 (d, 1H, J 5.6 Hz, H-5), 8.25 (d, 2H, J 8.8 Hz,
Ph-H), 8.41 (d, 2H, J 8.4 Hz, Ph-H), 8.95 (s, 1H, CH=N);
BC NMR (100 MHz, DMSO-d;) 6 107.9, 115.3, 124.7,
125.1, 126.1, 128.9, 131.2, 131.5, 141.1, 150.3, 161.3,
162.8; HRMS (ESI) m/z, calcd. for C,,H,N,0,S [H]*:
258.0347, found: 258.0338.

2-(3,4,5-Trimethoxybenzylidene)aminothiophene-
3-carbonitrile (41)

Yellow crystals; yield 39% (method A), 57% (method B);
mp 160.6-161.7 °C; IR (KBr) v / cm™' 3091, 2222, 1570;
'HNMR (400 MHz, DMSO-d;) 6 3.77 (s, 3H, OCHj,), 3.86
(s, 6H, OCH,), 7.36 (s, 2H, Ph-H), 7.39 (d, 1 H, J 5.6 Hz,
H-4), 7.55 (d, 1H, J 5.6 Hz, H-5), 8.69 (s, 1H, CH=N);
BCNMR (100 MHz, DMSO-d,) d 55.9, 60.2, 104.6, 106.7,
114.7, 123.2, 127.6, 129.9, 141.6, 153.1, 162.2, 163.3;
HRMS (ESI) m/z, calcd. for C;sH,N,O,S [H]*: 303.0795,
found: 303.0804.

2-(Benzylidene)aminothiophene-3-carbonitrile (4m)

Green crystals; yield 49% (method A), 63% (method B);
mp 113.3-114.1 °C; IR (KBr) v / cm™ 3096, 2224, 1571;
'H NMR (400 MHz, DMSO-d;) 6 7.40 (d, 1H, J 6.0 Hz,
H-4), 7.55-7.63 (m, 4H, Ph-H + H-5), 8.01 (d, 2H,
J 6.8 Hz, Ph-H), 8.78 (s, 1H, CH=N); *C NMR (100 MHz,
DMSO-dy) 6 105.7, 115.1, 124.1, 128.1, 129.5, 129.9,
133.3, 135.1, 163.0, 163.6; HRMS (ESI) m/z, calcd. for
C,H,N,S [H]*: 213.0472, found: 213.0487.

2-(2,3-Dichlorobenzylidene)aminothiophene-3-carbonitrile
(4n)

Yellow crystals; yield 56% (method A), 46%
(method B); mp 175.5-176.4 °C; IR (KBr) v /cm™ 3092,
2236, 1552; '"HNMR (400 MHz, DMSO-d;) 6 7.46 (d, 1H,
J 6.0 Hz, H-4), 7.57 (t, 1H, J 8.0 Hz, Ph-H), 7.68 (d, 1H,
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J 5.6 Hz, H-5), 7.88 (d, 1H, J 8.0 Hz, Ph-H), 8.15 (d, 1H,
J 8.0 Hz, Ph-H), 8.94 (s, 1H, CH=N); 3C NMR (100 MHz,
DMSO-dy) 6 107.2, 114.8, 125.5, 127.8, 128.5, 129.2,
132.2,133.8,134.2, 134.5, 157.8, 162.3; HRMS (ESI) m/z,
calcd. for C,H,CL,N,S [H]*: 280.9696, found: 280.9708.

2-(4-Bromobenzylidene)aminothiophene-3-carbonitrile (40)

Green crystals; yield 46% (method A), 63% (method B);
mp 95.8-98.4 °C; IR (KBr) v / cm™ 3094, 2230, 1584;
'H NMR (400 MHz, DMSO-d,) 6 7.41 (d, 1H, J 5.6 Hz,
H-4), 7.60 (d, 1H, J 6.0 Hz, H-5), 7.77 (d, 2H, J 8.8 Hz,
Ph-H), 7.94 (d, 2H, J 8.8 Hz, Ph-H), 8.78 (s, 1H, CH=N);
BC NMR (100 MHz, DMSO-d;) 6 105.7, 114.5, 124.0,
126.5, 127.7, 131.0, 132.1, 133.8, 161.3, 162.7, HRMS
(ESI) m/z, calcd. for C,,H,BrN,S [H]*: 290.9590, found:
290.9592.

2-{(4-Nitro-1H-indol-3-yl)methyleneamino}thiophene-
3-carbonitrile (4p)

Yellow crystals; yield 64% (method A), 50% (method B);
mp 172-174.1 °C; IR (KBr) v / cm™ 3225, 2231, 1512;
'"H NMR (400 MHz, DMSO-d,) 6 7.31 (d, 1H, J 5.6 Hz,
H-4), 7.40 (d, 1H, J 6.4 Hz, H-5), 7.44 (d, 1H, J 8.0 Hz,
Ph-H), 7.96 (d, 1H, J 8.4 Hz, Ph-H), 8.00 (d, 1H, J 8.0 Hz,
Ph-H ), 8.58 (s, 1H, Ph-H), 9.10 (s, 1H, CH=N), 12.93 (sl,
1H, NH); *C NMR (100 MHz, DMSO-d;) 6 102.2, 112.3,
115.0, 117.1, 119.2, 119.6, 121.1, 122.1, 127.4, 135.5,
139.5, 142.1, 158.3, 165.3; HRMS (ESI) m/z, calcd. for
C,,HgN,OS [H]*: 297.0427, found: 297.0447.

2-{(5-Methoxy-1H-indol-3-yl)methyleneamino}thiophene-
3-carbonitrile (4q)

Blue crystals; yield 23% (method A), 71% (method B);
mp 278.4-281.3 °C; IR (KBr) v / cm™ 3305, 2218, 1578;
'H NMR (400 MHz, DMSO-d;) 6 3.82 (s, 3H, OCH,),
6.91 (dd, 1H, J 8.8, 2.4 Hz, Ph-H), 7.30 (d, 1H, J 6.0 Hz,
H-4), 7.35 (d, 1H, J 6.0 Hz, H-5), 7.42 (d, 1H, J 8.8 Hz,
Ph-H), 8.06 (d, 1H, J 2.8 Hz, Ph-H), 8.15 (d, 1H, J 3.2 Hz,
Ph-H), 8.82 (s, 1H, CH=N), 12.02 (sl, 1H, NH); 3*C NMR
(100 MHz, DMSO-dy) 6 55.1, 102.3, 103.9, 113.1, 113.4,
114.1, 115.5, 120.2, 125.4, 126.6, 132.0, 136.7, 155.4,
156.4, 166.2; HRMS (ESI) m/z, calcd. for C,sH,;N;0S
[H]*: 282.0714, found: 282.0702.

Prediction of biological activity

Prediction of druglikeness and pharmacokinetics (ADMET)
properties

The druglikeness, pharmacokinetics properties, and
toxicity profile of compounds 4a-4q were determined
using an ADMET descriptors algorithm protocol of
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pkCSM.?*" This software has been used as evidence
to train accurate molecular predictors of important
physicochemical parameters such as molecular weight
(MW), topological polar surface area (TPSA), partition
coefficient (octanol-water) (LogP), number of hydrogen
bond acceptor (nHBA), number of hydrogen bond donors
(nHBD) and rotatable bonds (ROTB). Analysis of these
aspects were used to verify the druglikeness properties
of 2-aminothiophenes based on the guidelines of the
Lipinski’s and Weber’s rules.*® Absorption properties were
analyzed based on membrane permeability (indicated
by colon cancer cell line (Caco-2) permeability),
skin permeability and the categorical classification of
2-aminothiophene derivatives. Drug distribution was
predicted according the blood-brain barrier permeability
(logBB) and central nervous system permeability
(logPS). Metabolism property was evaluated based on
the CYP models for substrate or inhibition (CYP2D6,
CYP3A4, CYP1A2, CYP2C19, CYP2C9, CYP2D6 and
CYP3A4). Excretion aspect was predicted by the total
clearance model and the categorical classification of
2-aminothiophene derivatives as a renal OCT2 substrate.
Toxicity of compounds was obtained based on AMES
toxicity, hERG I and II inhibition, oral rat acute and chronic
toxicity, hepatotoxicity, skin sensitization, 7. pyriformis
toxicity and Minnow toxicity. After the results, all the
pharmacokinetic parameters were calculated and checked
for compliance with their standard ranges.*

Pharmacological/biological assays
Antifungal activity

Preparation of samples and standards

All compounds (4a-4q) were dissolved in dimethyl-
sulfoxide (DMSO). Fluconazole (used as reference
drug) was solubilized in sterile distilled water. Then, all
solutions were filtered through a 22 mm diameter filters.
Subsequently, all drugs solutions were diluted in Roswell
Park Memorial Institute (RPMI) 1640 medium buffered
with 4-morpholinepropanesulfonic acid (MOPS), to obtain
1.024 ug mL"! solutions. Compounds 4a-4q were tested in
concentrations ranged from 1 to 1.024 ug mL"! and fluconazol
in concentrations ranging from 0.125 to 64 ug mL"".

Antifungal sensitivity

E. floccosum, T. tonsurans, T. mentagrophytes,
T. rubrum and C. parapsilosis ATCC 22019 (reference
strain) were used in the test were deposited in Micoteca
URM of the Mycology Department of the Federal
University of Pernambuco. The tests were performed
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according to Clinical Laboratory Standard Institute (CLSI),
standard M38-A2.% Dermatophytes species were grown
on Sabouraud dextrose agar (Merck KGaA, Darmstadt,
Germany) at 24 °C four to seven days. For the test, it was
removed an inoculum culture and suspended in 5.0 mL of
sterile saline 0.085% and placed in vortex for 15 s. The
cell density was adjusted by a spectrophotometer Genesys
UV-VIS 10S (Thermo Scientific, Waltham, USA) to obtain
the transmittance equivalent to a standard solution of
0.5 McFarland wavelength of 530 nm. The suspension for
testing was obtained by making a 1/100 dilution followed
by a 1/50 dilution in RPMI 1640 medium with MOPS for
dermatophytes.

Cytotoxicity

Cell culture

Immortalized non-tumor cell lines from human
fibroblasts (MRC-05), monkey kidney epithelial cells
(VERO) and murine fibroblasts (3T3) from the Bank
of Cells of Rio de Janeiro and stocked in the Tumor
Cell Bank of LINAT/UFPE. VERO and MRC-05 cells
were cultured in low glucose Dubelcco’s modified eagle
medium (DMEM) and 3T3 cells in RPMI 1640 medium
both supplemented with 10% bovine fetal serum, 10 mM
4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid
(HEPES) and 10,000 U mL! penicillin/streptomycin. The
medium of the MRC-05 cells was supplemented with 20%
bovine fetal serum, 10% insulin and 10% fibroblast growth
factor. The lineages were kept in an oven containing 5%
CO, at 37 °C and routinely evaluated for mycoplasma
contamination.

Cytotoxicity in non-transformed cells

Cells were plated (1 x 10* cells well') and incubated in
a humid atmosphere containing 5% CO, at 37 °C for 24 h.
Then, the 4e, 4f, 4g, 4k, 41, 4m and 40 derivatives were
added at the concentrations of 1, 10, 50 and 100 uM and
the plates were incubated for 72 h. Vehicle control (DMSO)
was added at the same concentration present in the final
solutions. Then, 20 pL of the 3-(4,5-dimethylthiazol-2-yI)-
2,5-diphenyltetrazolium bromide (MTT) solution were
added to each well and after 3 h of incubation and 130 uL.
of 20% of dodecyl sulfate sodium (SDS) were added
for the dissolution of the formazan crystals, keeping the
reaction sheltered from light for 24 h. After this period,
the optical density was read in a spectrophotometer in the
microplate reader EL808 (Biotek®, Winooski, USA) at
570 nm absorbance. The mean optical density of the test
conditions was compared to the vehicle mean 0.5% for the
determination of cell viability.
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Statistical analysis

The analysis of mean, standard deviation and viability
was performed in Excel® software.*! In all the tests three
independent experiments were performed and each
condition was evaluated in technical replicates.

Results and Discussion
Chemistry

The Schiff bases bearing 2-aminothiophene derivatives
(4a-4q) were obtained through a molecular simplification
strategy being synthesized in a two-step reaction in two
procedures, as shown in Scheme 1. 2-Aminothiophene-
3-carbonitrile (3) was synthesized using the fourth
version of Gewald-type reaction.*® Reacting commercial
1,4-dithiane-2,5-diol (1), with malononitrile (2) in
methanol and triethylamine and magnetic stirring
(method A), or in ethylene glycol and sodium bicarbonate
under microwave irradiation (method B), we obtained
compounds 4a-4q. Various aromatic aldehydes were added
to each reaction media, along with a few drops of acetic
acid, to yield the target compounds in yields ranging from
23-86% (method A) and 35-85% (method B) (Table 1).
The compound structures were confirmed using NMR
(*H NMR, *C NMR, HSQC and heteronuclear multiple
bond correlation (HMBC)), infrared (IR), and high-
resolution mass spectrum (HRMS) analyses (available in
the Supplementary Information (SI) section).

The synthetic methodologies used to obtain the target
compounds, conventional (method A) and microwave
irradiation (method B) proved to be both viable and
efficient. Hesse et al.** obtained 2-aminothiophene-
3-carbonitrile (compound 3), using both microwave and
conventional methods in respective yields of 60 and 58%.
In our procedures, compound 3 was obtained without

S OH
CN
(7.0
(e S CN

Method A or B

an
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Table 1. Chemical structures and yields of the Schiff bases bearing
2-aminothiophene derivatives obtained by conventional (method A) and
microwave irradiation (method B) methods

Yield / %
Compound R R’
Method A Method B

4a 4-OCH, - 86 85
4b 4-Cl - 65.6 52
4c 4-F - 54.9 66
4d 2,4-Cl - 49 35
4e 2,6-Cl - 56 83
4f 2-NO, - 44 52
4g 3-NO, - 65 78
4h 4-OH - 45 79
4i 4-CH, - 59 66
4j 4-N(CH,), - 31 55
4k 4-NO, - 60 49
41 3,4,5-OCH, - 39 56
4m H - 49 44
4n 2,3-Cl - 56 64
40 4-Br - 47 45
4p - 4-NO, 64 50
4q - 5-OCH, 23 71

isolation, and after reacting with aromatic aldehydes it
provided several final compounds in final global yields
greater than 60% (after two-step reaction), demonstrating
that our procedures were better than previously described.

The reactions conducted using method B were more
efficient (providing better yields) in 60% of the procedures
(11 of 18 reactions). The microwave assisted syntheses
of Schiff bases bearing 2-aminothiophene derivatives
presented specific advantages such as: shorter reaction
time (10 min), energy savings, and the use of an inorganic
base (sodium bicarbonate) instead of the traditional organic

N
V4
AryIfCHO
Method AorB S N/\Aryl
(i)
4a-4q

Aryl = @ and /N\ Y

Scheme 1. Synthesis of Schiff bases bearing 2-aminothiophene derivatives (4a-4q). Method A: (i) triethylamine, methanol, 60 °C, 4 h; (i) acetic acid, rt,
overnight. Method B: (i) sodium bicarbonate, ethylene glycol, microwave, 80 °C for 8 min; (ii) acetic acid, microwave, 50 °C, 2 min.
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bases used in Gewald-type reactions, an eco-friendly
procedure.

Druglikeness prediction

The druglikeness of compounds (4a-4q) was
determined based on Lipinski’s and Veber’s rules. As
can be seen in Table 2, none of the compounds violated
Lipinski’s rule of five (presenting no more than 5 HBD;
presenting no more than 10 HBA; having a MW of less
than 500 Da; and presenting LogP of less than 5).%44
Likewise, none of the Weber parameters were breached:
presenting a PSA of less than 140 A; and presenting less
than 10 ROTB.?*> Based on these data, the compounds
possess a drug candidate profile with good oral
bioavailability.

Prediction of pharmacokinetic (ADMET) properties

In the process of drug discovery and development,
prediction of pharmacokinetic properties is a common
procedure which during the initial planning phase allows
identification of compounds with poor ADMET properties.
This reduces the number of compounds to be tested in the
early stages of research, and also the number of compounds
which might fail in clinical trials.** pKCSM software®’
was used to predict certain ADMET parameters for
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compounds 4a-4q (Table S1 with all results is available
in the SI section).

The absorption of orally administered drugs depends on
their ability to cross the gastrointestinal tract (GIT) walls.*
Caco-2 cells extracted from human epithelial colorectal
adenocarcinoma are widely used since these cells mimic the
gastrointestinal epithelium. They present a validated assay
system for oral absorption studies.’*> Compounds with a
Papp (apparent permeability coefficient) value of > 0.90
present high Caco-2 permeability, and so, the potential
for GIT absorption.’” The data presented in Table S1
show that compounds 4a-4q (except those presenting
nitro substituents: 4f, 4g, 4k and 4p) present high Caco-2
permeability, indicating that the compounds are highly
likely to be absorbed by the GIT.

Skin permeation was also predicted, and most of
compounds (except indolic derivatives 4p and 4q)
demonstrated relatively low skin permeability, logKp >
—2.5.%7 This value indicates that if administrated topically,
the compounds will not be well absorbed by the skin.

Distribution analysis (concerning the ability to
leave circulation and enter extravascular tissues) of
compounds 4a-4q was based on blood brain barrier
(BBB) and central nervous system (CNS) permeability
(Table S1).

BBB permeability is an important parameter since
it is composed of endothelial cells which regulate (as a

Table 2. Druglikeness of compounds 4a-4q based on Lipinski (partition coefficient (LogP); hydrogen bond acceptor (HBA); hydrogen bond donor (HBD);
molecular weight (MW)) and Weber (rotatable bond number (ROTB); polar surface area (PSA)) rules

Compound Lipinski’s Weber’s :
LogP HBA HBD MW / Da ROTB PSA/A
4a 33 4 0 242.303 3 103.625
4b 4.0 3 0 246.722 2 102.450
4c 3.5 3 0 230.267 2 96.312
4d 4.6 3 0 281.167 2 112.753
4e 4.6 3 0 281.167 2 112.753
4f 32 5 0 257.274 3 106.800
4g 3.2 5 0 257.274 3 106.800
4h 3.0 4 1 228.276 2 96.941
4i 3.6 3 0 226.304 2 98.512
4j 34 4 0 255.346 3 110.636
4k 32 5 0 257.274 3 106.800
41 33 3 0 212.277 2 92.147
4m 4.1 3 0 291.173 2 106.014
4n 4.0 3 0 246.722 2 102.450
40 5.0 3 0 288.375 3 127.204
4p 3.7 5 1 296.311 3 122.690
4q 3.8 4 1 281.340 3 119.516
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protective function) the passage of compounds from the
blood to the CNS.#

According to the pkCSM model, compounds with a
logBB > 0.3 can readily cross the BBB while compounds
with a logBB < —1 present difficulty in distribution to the
brain. Compounds with a logPS > -2 can penetrate to the
CNS, while those with a logPS < -3 are considered unable
to penetrate to the CNS.

With regard to distribution, compounds 4a-4q presented
intermediate BBB permeability values, suggesting
somewhat limited brain distribution, yet they were able to
penetrate and likely present effects at the CNS level.

First pass metabolic characteristics depend on interaction
with several microsomal enzymes known as the cytochrome
P450 (CYP450) superfamily.* These enzymes are mostly
located in the liver being responsible for the majority of
first-pass drug metabolism. CYP3A4 performs almost 50%
of xenobiotic metabolism in humans and is highlighted.>*>*

ADMET predictions revealed that compounds 4a-4q
are substrate to CYP3A4 isoforms, and non-substrate to
CYP2D6 isoforms, excepting compound 4q for CYP3A4,
and 4o for CYP2D6. The compounds were also inhibitors
of CYP1A2, CYP2C19, and CYP2C9 isoforms, and non-
inhibitors of CYP2D6, and CYP3A4 isoforms, (except
compound 4o for CYP2C9, and 4p for CYP3A4) (Table S1).

Excretion is another important pharmacokinetic
parameter related to removal of an intact drug or its
metabolites from the body, thus determining the amount
of time the drug will remain in the organism as well as its
volume of distribution. ¥4

This parameter was analyzed based on total clearance
(values were estimated, and from this, the rate of excretion
can be predicted) and evaluation of the behavior of the
compounds as a renal OCT2 substrate (Table S1). There is
no delimited range for total clearance, the higher the value,
the faster the excretion process will be.?’

OCT?2 is a renal uptake transporter responsible for
renal drug clearance.’® The ability of a compound to
bind to OCT?2 is an indication of its clearance which (to
achieve a steady-state in the blood plasma) is important
for determining posology.* In accordance with Table S1,
compounds 4a-4q were unable to interact with or bind
OCT?2, which limits excretion using this pathway.

Drug toxicity is the most common impairment of drug
discovery and development.”” Using pkCSM, induced
toxicity was evaluated for the Schiff bases bearing
2-aminothiophenes (Table S1).

Genetic toxicity was assessed by the AMES test;
screening compounds 4a-4q for mutagenic or non-
mutagenic potential. Compounds that present a positive
AMES test result may be mutagenic.’’>® The results
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revealed seven compounds with a negative result (probably
not mutagenic), while ten compounds were positive,
presenting risks of mutagenicity.

Cardiotoxicity was evaluated by testing whether the
compounds might be hERG I and/or hERG 1I inhibitors.
hERG channels play an important role in cardiac
repolarization.”%" hERG current inhibition is the most
likely mechanism involved in drug-induced QT (measure
of delayed ventricular repolarisation) interval prolongation,
and severe cardiac arrhythmias are an important reason
for drug failures during preclinical study.’’>* Excepting
compounds 40 and 4q (which tested positive for hERG 11
inhibition), compounds 4a-4q did not test positive for either
hERG I or hERG II inhibition.

A principal motive for post-market removal of a
medication is hepatotoxicity.®* Drug-induced liver injury
can lead to acute liver failure and even death.®*% In
accordance with Table S1, compounds 4a-4q were unable
to disrupt normal liver function and are therefore not
considered hepatotoxic.

Skin sensitization is a potential adverse effect of
drugs that are applied topically.’” Table S1 reveals that
the compounds 4a-4q, except 4m, presented no skin
sensitization potential.

Tetrahymena pyriformis is a protozoan whose toxicity
is often used as a toxic endpoint. Compounds with loglGC
(population growth impairment toxicity) values of > —0.5
are considered toxic.#" All of the logIGC values were
greater than —0.5, and no compounds presented toxicity
to T. pyriformis.

Antifungal activity

The in vitro antifungal activity of compounds 4a-4q
together with fluconazole (reference drug) against
8 dermatophyte fungi strains including E. floccosum,
T. tonsurans, T. mentagrophytes, T. rubrum and
Candida parapsilosis ATCC 22019 (reference strain) was
determined using the microdilution broth method according
to the guidelines of the CLSI, standard M38-A2.% The
minimum inhibitory concentration (MIC) values are
summarized in Table 3. For each antifungal susceptibility
experiment, the inoculum controls presented clear detectable
growth after the incubation period, indicating that all of the
isolates were viable and that the conditions were suitable for
fungal growth. The MIC of fluconazole against the reference
strain was 2.0 ug mL"', confirming the assay’s reproducibility.

The results revealed that all of the compounds exhibit
antifungal activity in different degrees for at least one of
the analyzed dermatophytes. The compounds with the
better antifungal profiles were 4e, 4f, 4g, 4k, 41, 4m, 4o
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and 4p, each presenting at least one MIC value ranging
between 16-64 ug mL"'. This in some cases was better
than or equivalent to the reference drug fluconazole. In the
case of the reference drug fluconazole, it can be seen that
(with the exception of the reference strain ATCC 22019
and E. floccosum 6754) all isolates were either resistant
(MIC > 64 pug mL™") or presented inhibited growth in a
dose-dependent pattern (MIC = 16 or 32 ug mL!).65-66

E. floccosum 6754 proved to be more resistant to
the 2-aminothiophene derivatives than E. floccosum
6999, which in high concentrations (MICs = 512 and
1,024 ug mL") was sensitive to only 6 compounds (4a,
4h, 4i, 4k, 4m and 40). E. floccosum 6999 was sensitive to
14 compounds, presenting MIC values of up to 16 ug mL"!
(for 4m), being equipotent to fluconazole.

For all of the Trichophyton isolates tested, it was
observed that about half of the compounds inhibited the
growth of the fungi. Against 7. tonsurans, compound 4m
presented MIC values of 32 ug mL", for both isolates, a
better profile than that of the reference drug. Compounds 4e
and 4o presented MIC values of 64 ug mL' against
T. tonsurans 700, also superior to fluconazole. T. rubrum
6753 was the most sensitive isolate, with 5 compounds
testing as equipotent to fluconazole (MIC = 64 ug mL",
4k, 41 and 4p) or better (MIC = 32 ug mL"!, 4e and 4o0).

J. Braz. Chem. Soc.

Cytotoxicity of selected compounds

The most active compounds (4e, 4f, 4g, 4k, 41, 4m and
40) were evaluated for cytotoxicity at concentrations of
1-100 uM, using the MTT assay®” with three non-tumor
cell lines (VERO, MRC-05 and 3T3).

No difference in cell viability was observed for any
of the compounds, at any of the concentrations evaluated,
after 72 h of incubation. All of the compounds presented
similar profiles. None of the compounds showed toxicity for
any of the cell lines to the highest concentration evaluated
(100 uM) (Figure S1 and Table S2 of cell viability for each
cell line are available in the SI section).

Structure-activity relationships (SAR)

Based on the results of the antifungal activity in Table 3,
the presence of nitro substituents (NO,) attached to the
arylidene moiety (as observed in compounds 4f, 4g, 4k
and 4p) is important for the antifungal activity. The results
demonstrate that all of the tested compounds containing
nitro substituents presented better activity profiles (with
MIC values of less than or equal to the reference drug
(MIC > 64 ug mL™")). For the benzylidene derivatives
presenting nitro substituents in positions 2, 3, and 4

Table 3. Antifungal activity of compounds 4a-4q and fluconazole against dermatophyte isolates

C. parapsilosis  E. floccosum  E. floccosum  T. tonsurans T. tonsurans  T. mentagrophytes — T. mentagrophytes  T. rubrum
Compound* ATCC" 22019/ 6999 / 6754/ 700/ 2822/ 5431/ 5432/ 6753/
(ug mL™") (ug mL") (ug mL™) (ug mL) (ug mL™") (ug mL™) (ug mL™") (ug mL™)

4a 1.024 256 1.024 1.024 1.024 1.024 1.024 1.024
4b 1.024 128 G G 1.024 1.024 1.024 1.024
4c 512 256 G 256 G 256 512 G
4d G 128 G G G G G G
4e G G G 64 256 G G 32
4f 128 32 G G G G G G
4g G 64 G G G G G 128
4h 1.024 G 1.024 1.024 1.024 G 1.024 G
4i G G 51 G G 128 512 G
4j 1.024 128 G 256 1.024 1.024 512 1.024
4k 1.024 1.024 512 512 G G G 64
41 G 256 G 128 G 256 128 64
4m G 16 512 32 32 G 256 G
4n 512 256 G G G G G G
40 128 512 512 64 1.024 128 1.024 32
4p G 1.024 G 128 512 G 512 64
4q 128 G G G G G G G
Flu 2 16 2 > 64 32 32 64 64

“Collection of URM cultures; "American type culture collection. G: growth at the highest concentration tested; Flu: fluconazole.
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(compounds 4f, 4g, 4k, respectively), it was not possible to
associate substituent position with an increase in activity.
For the indole methylidene derivatives (4p and 4q), the
presence of NO, in 4p was essential for antifungal activity.
Replacing NO, with an electron donor group (OCH; in 4q)
resulted in a compound without activity.

The importance of the NO, substituent for antifungal
activity in Schiff bases bearing cycloalkyl[b]thiophene
derivatives has been discussed by our group. In work
reported by Mendonga-Junior et al.?® the compound
2-(4-nitrobenzylidene)-amino-4,5,6,7-tetrahydro-
4H-benzo[b]thiophene-3-carbonitrile (6CN10) was found to
be the most active against Candida and C. neoformans strains.

In general, the presence of electron donor groups,
observed in 4a (4-OCH,), 4h (4-OH), 4i (4-CH,),
4j (4-N(CH,), and 4q (5-OCH,), leads to poor antifungal
activity. The only exception observed was compound 4l,
which presents three methoxyl substituents (OCH;) at
positions 3, 4 and 5, being equipotent to fluconazole
against 7. rubrum 6753 (MIC = 64 ug mL"), and against
T. tonsurans 700 (MIC = 128 ug mL"), where resistance to
fluconazole is defined at an MIC > 64 ug mL"'.

Similar results were observed in the study conducted
by Wang ef al.” where it was found that the presence of
an electron-donating group such as 4-OCH,, or 4-CH, was
harmful to the antifungal activity of fenfuram-diarylamine
hybrids against phytopathogenic fungi.

Both type and position of halogens at the benzylidene
moiety present significant effects on antifungal activity. For
the mono-substituted derivatives 4¢ (4-F), 4b (4-Cl), and
40 (4-Br), the size of the halogen was a great influence on
both activity and spectrum of action.

Compound 4o, containing the bromine atom (with the
highest atomic volume), was the only derivative causing
sensitivity in all tested fungal isolates, and presenting
better activity than fluconazole, when compared against
the 7. tonsurans 700 (MIC = 64 ug mL") and T. rubrum
6753 (MIC = 32 ug mL") isolates.

For the di-substituted halogenated derivatives 4d
(2,4-Cl), 4e (2,6-Cl), and 4n (2,3-Cl), the presence of the
two chlorine atoms in the ortho position (2,6-Cl) increased
the spectrum of activity for compound 4e. Compounds 4d
and 4n were only active against E. floccosum 6999, with
respective MICs = 128 and 256 ug mL"'. Compound 4e
was active against 7. tonsurans 2822 (MIC =256 ug mL"),
T. tonsurans 700 (MIC = 64 ug mL"), and T. rubrum 6753
(MIC = 32 ug mL"). Its antifungal activity against these
last two isolates was superior to fluconazole.

The importance of the presence of halogens for the
antifungal activity of new drug candidates is widely
described. In a study conducted by Sui et al.,* the most
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active imine derivatives bearing a kakuol moiety against
four phytopathogenic fungi were those presenting halogens,
especially chlorine in position 2 (ortho). The same authors
also demonstrated that the presence of two chlorine atoms
is beneficial for both antifungal activity, and antibacterial
activity against Gram-positive bacteria. Karthikeyan ef al.*!
also reports that Schiff bases containing 2,4-dichloro-
5-fluorophenyl substituents present antifungal activity
equal to fluconazole against strains of Aspergillus flavus,
A. fumigatus, Penicillium marneffei, and T. mentagrophytes.
Echevarria er al.** reported that Schiff bases bearing a
piperonyl moiety containing a halogen (Cl, Br, or I) in
position 4 (para) were the most active compounds against
E. floccosum and T. rubrum.

According to Mendonca-Junior et al.? the presence of
halogens (chlorine and fluorine) is closely related to the
chemical structures found in most azole derivatives, such
as miconazole, clotrimazole, econazole, and ketoconazole.
Halogens contribute to increase lipophilicity for the
compounds, facilitating their membrane permeability,
and allowing more intense hydrophobic interactions with
specific enzymes and receptors.?!

Conclusions

A series of novel Schiff bases bearing 2-aminothiophene
derivatives was designed, synthesized and spectroscopically
characterized. The use of microwave-assisted synthesis
produced the compounds in shorter reaction times, with
good yields, and using an inorganic base; thus, being
an eco-friendly procedure based on principles of green
chemistry. The importance of the cycloalkyl ring attached
to the 2-aminothiophene core for antifungal activity was
investigated using molecular simplification. The cycloakyl
ring of cycloalka[b]thiophenes was therefore excluded,
giving rise to C-4 and C-5 unsubstituted 2-aminothiophenes.
The reduction of “molecular obesity” (lower MW, and
LogP) promoted by the removal of the cycloalkyl ring
resulted in compounds with better druglikeness, adequate
pharmacokinetic (ADMET) profiles, low toxicity, and
good antifungal profiles, in some cases better than the
reference drug.

The SAR revealed that the halogen (F, CI, and Br) and
nitro (NO,) substituents in the benzylidene moiety led to
the most active compounds.

Taken together, these results demonstrate that the
molecular simplification strategy was a success, improving
druglikeness, pharmacokinetic profiles, and water solubility;
while increasing antifungal activity for Schiff bases bearing
2-aminothiophene derivatives, thus making them promising
lead compounds for the development of new antifungal drugs.
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Supplementary Information

Supplementary information (pharmacokinetics
(ADMET) parameters of all compounds, cytotoxicity
graphs of the most active compounds, NMR and MS spectra
of all new compounds) is available free of charge at
http://jbcs.sbq.org.br as PDF file.
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