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Abstract

A novel bismuth(IIT) complex with 2-amino-3-carbomethoxy-4,5,6,7-tetrahydrobenzo[b]thiophene (ACTT) as a li-
gand have been synthesized. The novel complex was characterized on the basis of its IR, NMR, elemental analysis and
MS spectral data. It was found that the ligand behaves as a monodentate chelating agent and bonds to the metal ion
through the nitrogen atom of the amino group to form the [Bi(ACTT)¢]Cl; complex. The new complex compound
displayed significant antimicrobial activity (MIC = 8-32 pg/mL) against Bacillus subtilis, Staphylococcus aureus, Es-
cherichia coli, Pseudomonas aeruginosa, Shigella flexneri, Candida albicans, Candida tropicalis and Cryptococcus ne-
oformans.
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1. Introduction

Coordination chemistry is gaining more and more
attention nowadays due to the increased demand of new
compounds with various properties and functionalities. In
fact, combining properties of metal ion like magnetic, op-
tic, conductor, oxydoreduction, biological with the one of
an organic chelate compound can lead to new hybrid coor-
dination complexes with enhanced functionalities. There-

fore, many coordination compounds with properties like
antimicrobial,!* AND-binding,’ antiviral, anticancerous,
cytotoxic,® anti-inflammatory,”® analgesic,” antioxi-
dant,'®!! optoelectronic, superconductor, non-linear opti-
cal (NLO),'2!? light emitting device (LED),!*!> catalyst,
antidiabetic,'®!7 gas storage, metaloenzyme,'® nanoparti-
cles'®2% have been reported.

Heavy metal bismuth is found in group V in the pe-
riodic table as the 83rd element. Beside its heavy metal
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status, bismuth and derived compounds are relatively
non-toxic and can be used as green and effective cata-
lyst?"?2 in many synthetic reactions to replace toxic cata-
lysts such as compounds of mercury, lead, thallium, arse-
nic, antimony etc. Other properties of bismuth com-
pounds including antimicrobial,?>=?” cytotoxic,?> anti-
spermatogenic,?! white light emitting diode (WLEDs)3?
are also extensively reported. 2-aminotetrahydroben-
zo[b]thiophene system and their substituted derivatives
have attracted a great deal of interest due to their various
electronic,®® optical,* dyeing,*% fluorescence®® and
pharmacological properties.*®**! On the other hand, to
the best of our knowledge, the title 2-aminothiophene de-
rivative (ACTT) used as ligand in this study has not yet
been reported in any coordination reaction with bis-
muth(I1I) salt.

For all these reasons, we became interested on the
investigation of its coordination behavior with bis-
muth(III) salts. Our expectation was that novel hybrid
compounds resulting from the combination in the same
molecular framework of the bismuth(III) ion coordinat-
ed to one or more 2-aminothiophene ligand and com-
bining the features of its components will exhibit new
and improved interesting biological and functional
properties.

2. Experimental Part
2. 1. Chemistry

All the reagents mentioned in this work were pur-
chased from Aldrich and Fluka and were used without
further purification. Melting points are corrected and
were determined with a STUART SCIENTIFIC Melting
Point Apparatus Model SMP3 at a heating rate of 1.5 °C /
min. The TLCs were carried out on Eastman Chromato-
gram Silica Gel Sheets (13181; 6060) with fluorescent in-
dicator. A mixture of ethyl acetate and methylene chlo-
ride (1:1) was used as eluent and iodine was used to de-
velop the chromatograms. The IR spectra were measured
with a Fourier Transform Infrared spectrometer Bruker
Alpha. EIMS spectra were recorded on a double focusing
mass spectrometer (Varian MAT 311A). 'THNMR spectra
were recorded in DMSO-dg on a Bruker DRX spectrom-
eter operating at 300 MHz. 1*C-NMR spectra were re-
corded in DMSO-dg on a Bruker DRX spectrometer op-
erating at 399 MHz with TMS used as internal reference.
XRD data was collected on a STOE Stadi-p X-ray powder
diffractometer (STOE & Cie GmbH, Darmstadt, Germa-
ny) with Cu K, radiation (A = 1.54056 A; Ge monochro-
mator; flat samples) in transmission geometry with a
DECTRIS®* MYTHEN 1K detector (DECTRIS,
Baden-Daettwil, Switzerland). Elemental analyses were
performed With a Euro Vector CHNS-O element analyz-
er (Euro EA 3000) or a vario MICRO Cube (Co. Elemen-
tar Analysensysteme).

2. 1. 1. Preparation of 2-amino-3-carbomethoxy-
4,5,6,7-tetrahydrobenzo[b]thiophene (3)

A mixture of cyclohexanone (50 mmol, 4.9 g), meth-
yl cyanoacetate (50 mmol, 4.95 g) and sulphur (55 mmol,
1.76 g) in methanol (80 mL) was stirred using a magnetic
plate shaker thermostated at 50-60 °C. Ammonia (5 mL)
was added drop wise during the first 10 min of the reac-
tion. After 3 h of reaction, the resulting precipitate (8.66 g,
82%) was collected by filtration and crystallized from
methanol to yield a yellow powder, mp: 133-135 °C (Lit.*?
127-128°C from methanol). IR (neat) v cm™!: 3419, 3310
(-NH,); 3153 (-OCH,3); 1649 (C=0); 1585, 1575 (C=C);
775; 734 (C-S); 1332 (C-N); 1268 (C-0). 'H-NMR (400
MHz, DMSO-dg) &8: 7.17, 3.61, 2.52, 2.46, 2.36, 1.61.
3C.NMR (101 MHz, DMSO-d;) 8¢ 165.87, 163.41,
131.83, 115.93, 102.90, 50.77, 26.97, 24.41, 23.34, 22.87.
Elemental analysis found (calculated): C: 56.87% (56.87%);
H: 6.16% (6.16%); N: 6.63% (6.64%); S: 15.17% (15.17%).

2. 1. 2. Preparation of Metal Complex 4

To a magnetically stirred solution of the ligand 3
(0.32 g; 1.5 mmol) in methanol (10 mL) a solution of BiCl,
(0.315 g; 1 mmol) in methanol (10 mL) was gradually add-
ed. After 48 h, the product formed was collected by filtra-
tion and crystallized from a mixture water/methanol to
give 0.39 g (82%) of 4 as brown precipitate; mp 112 °C. IR
(neat) v cm™': 3480; 3333 (-NH,); 1653 (C=0); 1576; 1526
(C=C); 1323 (C-N); 1271 (C-O). 'H-NMR (400 MHz,
DMSO-dg) 8y: 7.93,7.91, 7.74, 7.72, 7.33, 7.22, 7.09, 6.96,
4.63, 3.78, 3.62, 3.59, 3.58, 3.58, 3.45, 3.44, 3.42, 3.38, 3.37,
3.35, 3.33, 1.94, 1.62, 1.19. 3C-NMR (101 MHz, DM-
SO-dg) 8¢: 166.65, 165.88, 165.17, 163.92, 163.74, 163.41,
132.03, 131.84, 130.31, 120.99, 116.26, 115.94, 102.06,
101.30, 51.75, 51.06, 50.95, 50.77, 27.77, 26.98, 24.57,
24.41,24.26,24.11, 23.34, 22.87, 18.42. Elemental analysis
found (calculated): C: 45.53% (45.53%); H: 4.94% (4.93%);
N:5.31% (5.31%); S: 12.14% (12.14%).

2. 2. Biology

2. 2. 1. Microorganisms

A total of six bacteria and three yeasts strains were
tested for their susceptibility to the studied compounds.
The studied microorganisms include Staphylococcus au-
reus ATCC25923, Escherichia coli S2(1), Bacillus subtilis,
Staphylococcus ~ aureus,  Pseudomonas  aeruginosa
ATCC27853, Shigella flexneri SDINT, Candida albicans
ATCC10231, Candida tropicalis PK233, Cryptococcus neo-
formans H99. These microorganisms were taken from our
laboratory collection. The bacterial and fungal species
were maintained on agar slant at +4 °C and subcultured at
37 °C on nutrient agar (NA, Conda, Madrid, Spain) and
Sabouraud Dextrose Agar (SDA, Conda) slants respective-
ly, prior to any antimicrobial test.
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2. 2.2. Determination of Minimum Inhibitory
Concentration (MIC) and Minimum
Microbicidal Concentration (MMC)

MIC values were determined by a broth micro-dilu-
tion method as described earlier.*> Each test sample was
dissolved in dimethyl sulfoxide (DMSO) and the solution
was then added to Mueller Hinton Broth (MHB) for bacte-
ria or Sabouraud Dextrose Broth (SDB) for yeasts to give a
final concentration of 1024 ug/mL. This was serially dilut-
ed twofold to obtain a concentration range of 0.25-512 pg/
mL. Then, 100 puL of each concentration were added in
each well (96-well microplate) containing 95 uL. of MHB
or SDB and 5 pL of inoculum for final concentrations
varying from 0.125-256 ug/mL. The inoculum was stan-
dardized at 1.5 x 10° colony-forming units (CFU)/mL for
bacteria and 2 x 10° spores/mL for yeasts using a spectro-
photometer (Jenway™ 6305 UV/Visible Spectrophotome-
ter, Fisher scientific, UK). The negative control well con-
sisted of 195 uL of MHB or SDB and 5 uL of the standard
inoculum. The MICs were assessed visually and were tak-
en as the lowest compound concentration at which there
was no growth or virtually no growth. The lowest concen-
tration that yielded no growth after the sub-culturing was
considered as the minimum microbicidal concentrations
(MMC:s). Ciprofloxacin (Sigma-Aldrich, Steinheim, Ger-
many) and nystatin (Merck, Darmstadt, Germany) were
used as positive controls for bacteria and yeasts, respec-
tively. All the tests were performed in triplicate.

3. Results and Discussion
3. 1. Chemistry

The thiophene compound 2-amino-3-carbome-
thoxy-4,5,6,7-tetrahydrobenzo[b]thiophene (ACTT) (3)
was prepared by applying one-pot procedure of the second

version of the Gewald technique,*> whereby cyclohexa-
none (1), methyl cyanoacetate (2) and elemental sulfur
were condensed in methanol in the presence of catalytic
amount of ammonia (Scheme 1).

The structure of the ligand substrate 3 (ACTT =
CH;0,C-Ar-NH,) was confirmed with its physical and
spectroscopic data which are in full agreement with those
previously reported.*?

The reaction of compound 3 with bismuth(III) chlo-
ride in methanol with constant stirring at room tempera-
ture for 48 hours gave the compound 4 (Scheme 2).

3. 1. 1. IR spectrum of the Bismuth Complex 4

The IR bands of the complex 4 were assigned by
comparison with the IR spectrum of the starting 2-amino-
thiophene ligand 3. The elongation frequencies v(NH,) of
the aromatic amine which were found in the ligand at 3419
cm™! (more intense) and 3310 cm™! (more intense) in the
ligand, respectively, are shifted to higher frequencies at
3480 cm™! (shoulder), 3333 cm™! (shoulder), respectively,
in the complex. The presence of these two bands of the
amino group in the IR spectrum of the ligand is a clear
indication that the complexation occurred without depro-
tonation of the primary aromatic amine. The modification
observed in the shapes of these bands (shoulder) in addi-
tion to their important shift (Av = 61 and 23 cm™) to high-
er frequencies may be due to the involvement of the corre-
sponding nitrogen atom to the coordination process.**
One can also notice that the strong absorption band of the
carbonyl function of the carbomethoxy group which ap-
pears at 1649 cm™! in the ligand undergoes a Av = 4 cm™!
shift to higher frequencies and is shown at 1653 cm™!in the
complex. This observation indicates that the oxygen atoms
of the carbonyl function of the ester groups of the coordi-
nated 2-aminothiophene ligands are involved in various
hydrogen bonds interactions with -NH, groups.

3.1.2.'H NMR-Spectrum of Complex 4

O COM Rehie
oMe ic
O& ) < ammonia, Sg N, Similarly, the "H NMR signals of compound 4 was
CN methanol s assigned by comparison with the '"H NMR spectrum of the
1 2 3 ligand 3. In Table 1 the chemical shifts of both compounds
Scheme 1. Reaction sequence to compound 3 are recapitulated. One can also notice here that each signal
B ACTT BER
/CH3
TTCA ACTT
O\C;O /////I"Im, n\\\\\\\\\\\
4 o ] methanol B )
SN + BiCl > / \ 3C1
. | D> NH, 48h / room temp TTCA ACTT
7 Ta S
1
3 ACTT
4

Scheme 2. Reaction sequence to Bi(ACTT)¢Cl; complex 4
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of individual hydrogen or groups of chemically and mag-
netically equivalent hydrogen atoms in the starting free
2-aminothiophene ligand 3 is splitted into a number of
corresponding signals attributed to the six 2-aminothio-
phene ligands coordinated to the central bismuth(III) ion.

3. 1. 3. BC NMR-Spectrum of Complex 4

The assignments of the 1*C NMR signals of com-
pound 4 were made by comparison with the 1*C NMR
spectrum of the ligand 3. As recapitulated in Table 1, each
signal of individual carbon atoms in the starting free
2-aminothiophene ligand 3 is splitted in a number of cor-
responding signals attributed to the six ligands coordinat-
ed to the bismuth(III) ion in the complex compound 4.

3.1.4.2D NMR Data of Complex 4 and Ligand 3

The important interactions found in the 'H, 'H-COSY;
H, BC-HSQC, 'H, ¥C-HMBC and 'H, 'H-NOESY experi-
ments for compounds 3 and 4 are recapitulated in Table 2.

The HSQC spectrum (Figure 1) of the ligand shows
five correlation spots corresponding to the five carbon atoms
bearing protons. Correlation spots are also observed between
methoxyl proton at 3.61 ppm and the corresponding carbon
at 50.8 ppm. The assignment of the -NH, protons at 7.18
ppm could be rationalized based on the fact that this signal
doesn't correlate with any carbon atom. Similar assignments
could be done for the complex by comparison (Table 2).

The HMBC experiment shows different correlations’
spots that were helpful for the accurate assignments of the

Table 1. Comparison of the 'H and *C NMR (DMSO-dg) chemical shifts of the ligand 3 with those of the

complex 4.
N° C/H . Ligand 3 . . Complex 4 .
Oy in ppm 8¢ in ppm Oy in ppm 8¢ in ppm
2 - 102.91 - 102.89, 102.06, 101.30
3 - 131.83 - 132.03, 131.84, 130.31
3a - 115.93 - 120.99, 116.26, 115.94
4 1.62 22.87 1.60, 1.66, 22.87,18.42
5 2.52 26.97 2.55 27.77,27,76,26.98
6 2.35 24.41 2.46 24.57,24.41,24.26
7 1.62 23.34 1.60, 1.66 24.11,23.34
7a - 163.41 - 163.92, 163.74, 163,41
C=0 - 165.88 - 166.65, 165.88, 165.17
-OCH; 3.62 50.76 4.61,3.78, 3.73, 51.75, 50.95, 50.77,
3.62,3.59,3.44 50.88, 50.86, 50.68
-NH, 7.18 - 7.73,7.22 -
o
{1.50,18.11
{2.16,25.06, A, & {1.62,23.88}
_ (1.90,?};5(’%%’22"6)
27 14.63,51 44&& | ‘%(i.‘u: ‘(T.m) |
- 100 g
oS- Y ; ~A;‘ 150
200
1'4 1‘3 1‘2 1'1 1'0 ‘9 '8 I7 E 2 g & '0 i ! 2 3 4

Figure 1. HSQC spectrum of complex with some correlations
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Figure 3. COSY spectrum of complex with some correlations

various carbon atoms in the ligand’s molecule (Figure 2).
For instance, a correlation between the methoxyl proton ap-
pearing at 3.61 ppm and the carbonyl carbon function at
165.9 ppm have been found. Correlations between these
methoxyl protons and some carbon atoms of the thiophenic
ring at 102.9 ppm have also been observed. A number of
these analogous correlations have been found in the HMBC
spectrum of compound 4 but their individual assignments
to each coordinated ligand could not be conclusive due to
high complexity of the overlapping signals caused by the
homologous proton systems of the six coordinated ligands.

The COSY experiment of the ligand clearly exhibited
the correlation spots between the protons of the cyclohex-
ane ring (Table 2). For the complex (Figure 3), besides the
homologous correlations displayed in the COSY experi-

6 5
2 (ppm)

ment, a correlation was observed between the methoxyl
protons at 4.62 ppm and the amino protons 7.73 ppm.

The spatial proximity between the methoxyl group
and the amino group is confirmed by the NOESY experi-
ment for the ligand and for the complex as well.

3. 1. 5. Mass Spectrum of Complex 4

The mass spectrum of compound 4 exhibited char-
acteristic ion fragments such as [Bi(C,,H;3NSO,),]** (m/z
= 630), [Bi(C,oH;3NSO,)]** (m/z = 419), Bi (isotope) or
(C10H13NSO,) * (m/z = 210), in agreement with the sug-
gested structure.

Furthermore, one can notice the absence of ion frag-
ments such as [BiCl]* or [BiCl,]* proving that chlorine
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Table 2: Comparison of the interactions in the 'H and *C-2D-NMR (DMSO-dg) spectra of the ligand 3 with those of the complex 4

Ligand 3 Complex 4
N°C dc HSQC HMBC COSY NOESY d¢c HSQC HMBC COSY NOESY
2 102.9 - 3.62; - - 102.9; - 7.74 - -
2.52 102.6; 101.3
3 131.6 - 2.52;2,35; - - 132.0; - 2.55 - -
1.62 131.8;130.3
3a 115.9 - 2.52;52.35; - - 121.0; - 2.55;2.45; - -
1.62 116.3; 116.0 1.68; 1.65
4 229 1.62 1.62 2.52;2.35 - 22.9;18.4 1.60-1.66 2.45;2.38; 1.92;2.45 -
2.35;1.65
5 27.0 2,52 2.35;1.62 1.62 - 27.8;27.8; 2.55;1.90- - 1.59;1.92 -
27.0 2.405 1.59
6 24.4 2.35 1.62 1.62 - 24.6; 24.4; 2.79; 2.69; 2.69 1.62; 1.66 -
24.1 2.65;2.45
7 23.3 1.62  2.52;2.35 2.52;2.35 - 23.3 1.60-1.66 2.35 1.92;2.45 -
1.62
7a 163.9 - - - - 163.9; 163.7; - 7.74;7.72; - -
163.4
C=0 165,9 - 3.62 - - 166.7; 165.8; - 3.76; 4.62; - -
165.2 3.58; 3.55;
3.43;3.37
OCH; 50,8 3.62 - - 7.18 51.8; 51.1; 3.76; 3.58; - 7.72;7.74; 7.33
51.0; 51.05 3.43; 4.62;
50.9; 50.8 3.55;3.37
NH, - 7.18 - - 3.62 - 7.74;7.72;7.33 - 4.62 3.37
atoms are not directly coordinated to the central metal ion S
in the complex.®® ‘
3.1.7. Powder XRD Study of Compound 4 ::
X-ray diffraction analysis performed on complex 4 2
shows a good crystalline structure of the complex formed %
with well-organized particles (Figure 4). Compound 4 has £
therefore a stable structure in which there is a good cohe- kS
sion between atoms. %
From the above data and based on various literature E
reports, 21244647 we suggest that in compound [Bi(ACTT);] 3
Cl; (4), the bismuth atom exhibits a six-fold coordination
to the 2-aminothiophene ligands in a tetragonal bipyrami-
dal geometry. Around the central Bi atom, four N atoms

occupy the equatorial positions and two N atoms occupy
the axial ones. In this representation, the free rotation of
the -Ar-CO,CHj; fragment of each N-coordinated 2-ami-
nothiophene moiety around the Csp>~N bond enables the
formation of various hydrogen bonds between the six oxy-
gen atoms of the carbonyl functions of the six carbome-
thoxy groups and the hydrogen atoms of the -NH, group.
These interactions are clearly exhibited in the 3D view of
the complex shown in Figure 6.

5 10 15 20 25 30 35 40 45 50 55 60 65 70
20/° (A = 1.54060 A)

Figure 4. Powder XRD patterns of complex 4.

3. 2. Antimicrobial Activity

Antimicrobial activity of the ligand, 2-amino-3-carbo-
methoxy-4,5,6,7-tetrahydrobenzo[b]thiophene (3) and its
bismuth complex 4 was examined in vitro against bacterial
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3+

3Cr

Figure 6. 3D view of the coordination sphere of complex 4 drawn
Figure 5. Structural representation of complex 4 with ACD/Labs 3D viewer (freeware)

Table 4. Antimicrobial activity (MIC, MBC and MFC in pug/mL) of compound complex against bacte-
rial and yeast species

Microorganisms Inhibition Compound 4 Referenf ¢
parameters drugs

Staphylococcus aureus MIC 16 2
ATCC25923 MBC 16 2
MBC/MIC 1 1
Bacillus subtilis MIC 8 8
MBC 8 1
MBC/MIC 1 4
Staphylococcus aureus MIC 16 4
MBC 16 4
MBC/MIC 1 1
Pseudomonas aeruginosa ATCC27853 MIC 16 2
MBC 32 2
MBC/MIC 2 1
Escherichia coli S2(1) MIC 8 4
MBC 8 4
MBC/MIC 1 1
Shigella flexneri SDINT MIC 32 4
MBC 64 4
MBC/MIC 2 1
Candida albicans MIC 32 2
ATCC10231 MEC 32 2
MFC/MIC 1 1
Candida tropicalis PK233 MIC 32 4
MEC 32 4
MFC/MIC 1 1
Cryptococcus neoformans H99 MIC 32 4
MEC 64 4
MFC/MIC 2 1

*Ciprofloxacin for bacteria and nystatin for yeasts; MIC: Minimum Inhibitory Concentration; MBC
Minimum Bactericidal Concentration; MFC: Minimum Fungicidal Concentration.
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and fungal species (Table 4). No activity was noticed for the
2-aminothiophene ligand against all the tested microorgan-
isms (results not shown). However, the bismuth(III) com-
plex showed different degrees of antimicrobial activities
against the tested fungal and bacterial species (Table 4).

The bismuth complex showed antibacterial activities
against all the tested microorganisms (MIC = 8-32 pg/
mL). The lowest MIC value for this compound (8 pg/mL)
corresponding to the best antimicrobial activity was ob-
tained on B. subtilis and E. coli. Interestingly, the antibacte-
rial activity of the complex (MIC = 8 pg/mL) on B. subtilis
was found to be equal to that of ciprofoxacin (MIC = 8 pg/
mL) used as reference drugs; highlighting its good anti-
bacterial potency. The least sensitive microorganism was
Shigella flexneri SDINT with the highest MIC (32 ug/mL)
and MBC (64 pg/mL) values recorded.

The complex compound was more active against
bacterial species (MIC = 8-32 pg/mL) than against yeast
strains (MIC = 32 pg/mL). The findings of the present
study showed that the antimicrobial activities varied with
the bacterial and fungal strains. These variations may be
due to genetic differences between the microorganisms.

The MBC and MFC values obtained were four fold
less than their corresponding MIC values; indicating that
this compound has microbicidal effect against the tested
microorganisms.®® The antimicrobial activity of com-
pound 4 is in agreement with recent findings by Nur
Amirah Jamaluddin et al. and Latika Dawara ef al. respec-
tively,?>?® who reported the antimicrobial activities of
some bismuth(III) complex derivatives against a wide
range of microorganisms including Staphylococcus aureus,
Bacillus subtilis, Escherichia coli.

3. 3. Effects of Chelation to the Activity
of Compounds Complex

Biological screenings results show that the 2-amino-
thiophene ligand which was initially non-active yielded a
compound with much better biological profile after the com-
plexation with the bismuth. Chelation is certainly responsi-
ble of these new properties. Obviously, the polarity of the
metal ion will be reduced to greater extent on chelation, due
to the overlap of the ligand orbital and partial sharing of the
positive charge of the metal ion with donor groups.*’ The
complexation further increases the delocalization of m-elec-
trons over the whole chelating ring which may facilitate the
penetration of the complexes into lipid membranes and the
blocking of the metal binding sites in the enzymes of micro-
organisms.* It may be hypothesized that there are other fac-
tors such as solubility, conductivity and bond length between
the metal and ligand which also increase the activity.>

4. Conclusion
In summary, we have synthesized and characterized
a coordination complex containing Bi(III) with 2-ami-

no-3-carbomethoxy-4,5,6,7-tetrahydrobenzo[b]thio-
phene at room temperature. Powder XRD confirm the
crystalline nature of the complex obtained. Antimicrobial
screening’s results showed that complex obtained was less
antifungal than antibacterial in reference to standard drug,
whereas the ligand was found inactive. However, the anti-
bacterial activities of complex on B. subtilis were found to
be equal to that of ciprofoxacin used as reference drug;
highlighting its good antibacterial potency. The overall re-
sults of this study indicated that this novel coordination
compound exhibited prominent antibacterial and antifun-
gal activities.
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