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ABSTRACT

A series of thiophene-carboxamide analogues (1a-c) were synthesized by incorporating N-phenylmaleimide
and 5-amino-2-substituted-(2,4-dimethylphenyl)-2-methyl-3-thiophenecarboxamide and their structures
were assigned by studying their spectral data. The synthesised compounds were tested against Staphylococcus
aureus and Escherichia coli using agar-in-well diffusion and broth micro dilution methods. The zone of
inhibition values ranged from 20 — 24 mm against the two test organisms for all the compounds tested (1a-
c). The result of the minimum inhibitory concentration (MIC) and minimum bactericidal concentration
(MBC) showed that all the test compounds inhibited and completely killed S. aureus and E. coli at a
concentration range of 0.63 — 2.50 ug/mL and .031 — 2.50 ug/mL respectively. The MBC value of
compound 1a was the same as that of the standard drug (ciprofloxacin) used on E. coli (0.63 mg/mL) and
S. aureus (0.25 ug/mL).

Keywords: Thiophenecarboxamide derivatives, Antimicrobial activity, Coupling reaction, NMR, Gewald reaction, E.

coli.

Contribution/ Originality
This study contributes in the existing literature, some new thiophene-carboxamide

derivatives and their antibacterial activities.

1. INTRODUCTION
Substituted thiophenes and their biheterocycle derivatives have received considerable
attention in the last two decades, due to their wide ranging therapeutic properties [17. They are

used as antimicrobial agents [27] as analgesic [37] as anti-inflammation agents [4] as antioxidant
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agents [5] as antitumor agents [6] and as anesthetic agents [7]. Thiophene molecules, when
fused with other heterocyclic rings have given rise to newer compounds with enhanced biological
activities.

Diabetic condition and HIV epidemic have led to an increase in the number of immune-
compromised patients, which in turn has led to increase in systemic bacterial infections; these in
addition to the emergence of drug and multiple drug resistant bacterial strains have become a
global concern and have placed a demand for the synthesis of new class of anti-bacterial agent.

Staphylococcus aureusis one of the major human pathogens associated with hospitals and
community-acquired infections and has been implicated in many incidences of food poisoning and
water contamination [87]. It has also been implicated in Persistent cases of osteomyelitis [9, 107]
pulmonary infection in cystic fibrosis [117] and wound abscess [127]. Staphylococcus aureus was the
initial pathogen that has become resistant to all known antibiotics and has posed a threat for
many years [137.

E. coli, in addition to its important role in causing inflammatory and hemorrhagic diarrheal
illnesses, is the major cause of neonatal meningitis [147] nosocomial bacteremia and surgical site
infections and is the leading cause of urinary tract infections [157]. It is against this background
that we investigate the potential of our target molecules to act as antibacterial agents against S.
aureus and E. coli.

Hence, the current research is aimed at exploring the potential of these new classes of
thiophene based compounds, as lead candidate in the search for new antibiotic drugs.

Our synthetic approach involve a nucleophilic addition of substituted aromatic amine, to
maleic anhydride followed by condensation in the presence of acetic anhydride and sodium acetate
to give the desired N-phenylmaleimide. This was coupled to the substituted aminothiophenes,
which was prepared by the Knoevenagel-Cope condensation of a carbonyl compound with
activated nitrile group, to yield an o,B-unsaturated nitrile. This on reacting with elemental sulfur
followed by ring closure gave the desired substituted 2-aminothiophenes [167].

To the best of our knowledge, no biological studies of these classes of compounds have been
reported. Hence we present here the syntheses of a new class of thiophene-carboxamide analogues
with different electron donating and withdrawing groups (CN, CO,CHs, CHs) and their potential

to act as antibacterial agents.

2. MATERIALS AND METHODS

All reagents were of analytical grade, purchased from Sigma-Aldrich (Germany). Melting
points were uncorrected and determined using Reichart Austria micro melting point apparatus.
Analytical thin layer chromatography (TLC) was performed using Aluminum pre coated Silica gel
60 (Fz:) from Merck (Germany). Visualization was achieved by UV light (254 nm) and spraying
with 20 % H2SO. in methanol. NMR spectra were recorded on a Bruker Avance FT NMR
spectrometer at 400 MHz for '"H NMR and at 100 MHz for '*C NMR, with residual solvent peak
as internal standard. Infra-red (IR) spectra of the solid samples were recorded on a Perkin-Elmer

100SP ATR FT-IR spectrophotometer. The gas chromatography mass spectrometry (GC-MS)
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was performed on Agilent 6890 Series, GC system with Agilent 5973 network mass selector.
Ultraviolet visible (UV/VIS) analysis was carried out on a Perkin Elmer Lambda 85 UV/VIS

spectrometer.

2.1. Chemistry Synthesis of 5-amino-4-substituted-N’-(2,4-dimethylphenyl)-2-methyl-3-
thiophenecarboxamide (1, 2)

Ethylcyanoacetate (11.9 g, 0.1 mol) or Malononitrile (3.87 g, 0.1 mol) with N-(2,4-
dimethylphenyl-3-oxobutyramide (20.53 g, 0.1 mol), Sulphur (3.89 g, 0.1 mol) and morpholine
(9.0 g, 0.1 mol) in a 250 mL round bottom flask, were refluxed in 50 mL of ethanol for 2 hrs at 55-
65 °C. The resulting thick dark solution was cooled to room temperature and stored overnight in
a refrigerator. After which it was filtered and washed with a small quantity of ethanol and
ethanol/water mixture and then dried. The white amorphous powder obtained was recrystallized

from ethanol to give a white crystalline solid [17].

2.2. Synthesis of N-phenylmaleamic Acids

To a stirred solution of maleic anhydride (9.8 g, 0.05 mol) in dichloromethane (60 mL) was
added a solution of N-phenylaniline (17.32 g, 0.05 mol) at 15-20 °C. The reaction mixture was
stirred overnight. Afterward the precipitate formed was filtered, washed and air dried. The crude

N-phenylmaleamic acid was recrystallized in dimethylformamide (DMF).

2.3. Synthesis of N-phenylmaleimide Derivative (4, 5)

N-phenylmaleamic acid (0.69 g) was heated for 1hr at 90-100 °C in acetic anhydride (5 mL) in
the presence of anhydrous sodium acetate (0.05 g). Afterward the reaction mixture was poured
into iced water and stirred continuously for 1 hr. The crystalline product obtained was filtered off

and recrystallized in DMF.

2.4. Preparation of Diazonium Solution

Dry sodium nitrite (1.88 g, 0.02 mol) was slowly added over a period of 15 minutes, with
stirring to sulphuric acid (10 mL) at 80 °C and then heated to 60 °C for 15 minutes. The solution
was then cooled to 5 °C and 20 mL of acetic acid-propionic acid (17:3) was added drop wise with
stirring, allowing the temperature to rise to 15 °C. The reaction mixture was then cooled to 0-5
°C, and finely ground aminothiophene (0.02 mol) derivatives were slowly added within 30 minutes
period and the temperature maintained below 5 °C. The resulting solution was stirred at 0-5 °C
for 2-4 hrs. Excess nitrous acid was decomposed with appropriate amount of urea. The clear

diazonium salt solution was used immediately in the coupling reaction.

2.5. Coupling to N-Phenylmaleimide Derivatives (1a-c)
The N-Phenylmaleimide derivatives (0.02 mol) were slowly dissolved in acetic acid (20 mL)
and cooled in an ice bath to 0 °C. The diazonium solution previously prepared was added drop

wise over a period of 30 minutes, with vigorous stirring (Scheme 3). The mixture was stirred for
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an additional 2 hours at 0-5 °C, then sodium acetate solution (10 %) was added slowly drop wise
until the pH was between 4 and 5. The product was filtered and washed with warm water, and
then with cold water until it was acid-free, then it was air dried. Recrystallization from DMF,
yielded the desired product, the purity of the product was checked by thin layer chromatography

using ethylacetate and hexane (1:4) as the solvent system.

5-amino-N°-(4-chlorophenyl)-4-cyano-2-methyl-3-thiophenecarboxamide (1)

Brownish grey powder; yield 68%; m pt. 238-235 °C, IR (KBr) vma/cm™ 3458, 3815, 3199
(NH), 2206 (CN), 1675 (CO); '"H NMR (DMSO-ds): 8ppm = 2.36 (s, 3H, CHs), 7.36 (d, 2H, J = 2.08
Hz, Ar-H), 7.63 (d, 2H, J = 1.09 Hz, Ar-H), 7.77 (brs, 2H, NH,), 9.67 (s, 1H, NH); *C NMR
(DMSO-ds): 8ppm = 14.98 (CHs), 115.34 (CN), 121.81, 128.41 (CH aromatic), 127.03, 137.86,
(aromatic C), 87.99, 112.56, 140.88, 160.43 (thiophene C), 165.23 (CO amide).

Methyl 2-amino-4-(4-chloroanilino) carbonyl]-5-methyl-3-thiophenecarboxylate (2)
White powder; yield 77%; m pt. 165-167 °C, IR (KBr) vma/cm™ 8475, 8330, 3211 (NH), 1664,
1623 (CO); 'H NMR (DMSO-de): ,pm = 2.52 (s, 3H, CHs), 3.76 (s, 3H, OCHs), 7.38 (d, 2H, J =
2.00 Hz, Ar-H), 7.66 (d, 2H, J = 1.96 Hz, Ar-H), 7.78 (brs, 2H, NH.,), 9.80 (s, 1H, NH); *C NMR
(DMSO-dg): dppm = 16.36 (CHj), 50.70 (OCHs), 121.57, 128.41 (CH aromatic), 126.86, 138.05
(aromatic C); 105.36, 112.84, 141.02, 161.38 (thiophene C), 165.07 (CO ester), 165.11 (CO amide).

5-amino-4-cyano-N*-(2,4-dimethylphenyl)-2-methyl-3-thiophenecarboxamide (3)

Cream powder; yield 57%; m pt. 234-236 °C, IR (KBr) vma/cm™ 8361, 3316, 3207 (NH), 2204
(CN), 1628 (CO); 'H NMR (DMSO-d¢): §ppm = 2.14 (s, 3H, CHs), 2.26 (s, 3H, CHs), 2.39 (s, 3H,
CHs) 6.97 (s, 1H, Ar-H), 7.04 (d, 1H, J = 7.8 Hz, Ar-H), 7.21 (d, 1H, J = 7.8 Hz, Ar-H), 7.68 (brs,
2H, NH,), 8.97 (s, 1H, NH); *C NMR (DMSO-dg): 6,pm = 14.76, 17.87, 20.48 (CHj), 115.34 (CN),
125.67, 126.26, 130.61 (CH aromatic), 182.72, 183.66 (aromatic C), 88.25, 133.19, 139.83, 160.51
(thiophene C), 164.97 (CO amide).

Methyl 2-amino-4-[(2,4-dimethylphenylanilino)carbonyl]-5-methyl-3-
thiophenecarboxylate (4)

Yellow solid; yield 44%; m pt. 128-130 °C, IR (KBr) vima/cm™ 8461, 3423, 3318 (NH), 1665,
1634 (CO); '"H NMR (DMSO-ds): 8ppm = 2.15-2.53 (s, 9H, 3CH3), 3.74 (s, 3H, OCH3;), 6.96 (d, 1H,
J = 8.2 Hz, Ar-H), 7.03 (s, 1H, Ar-H), 7.22 (d, 1H, J = 7.8 Hz, Ar-H), 7.71 (brs, 2H, NHs), 9.04 (s,
1H, NH); '*C NMR (DMSO-dg): 8ppm = 14.38, 17.91, 20.87 (CHs), 51.12 (OCHs), 128.07, 127.36,
131.17 (CH aromatic), 133.24, 133.83, 134.85 (aromatic C), 108.24, 114.22, 141.18, 161.35
(thiophene C), 164.50 (CO ester), 165.98 (CO amide).

N-phenylmaleimide (5)
Yellow solid; yield 77%; m pt. 90-92 °C; IR (KBr) viax/cm™ 8271, 3207, 3071, 3037 (), 2238,
1876 (CN), 1695 (CO); '"H NMR (DMSO-ds): 8ppm = 6.84 (s, 2H, olefinic H), 7.28-7.43 (Ar-H), '°C
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NMR (DMSO-ds): 6ppm = 129.16, 127.99, 126.09 (CH aromatic), 181.22 (aromatic C), 134.22 (CH
olefinic), 169.52 (CO amide).
2-nitro-N-phenylmaleimide (6)

White crystals; yield 67.5%; m pt. 130-131 °C; IR (KBr) vina/cm 3485, 3168, 3112 (), 1774,
1708 (); 'H NMR (DMSO-de): Sppm = 6.94 (s, 2H, olefinic H), 7.78-8.24 (Ar- H), *C NMR
(DMSO-ds): Oppm = 125.03, 125.89, 128.90, 135.25 (CH aromatic), 183.96, 145.31 (aromatic C),
134.66, 134.96 (CH olefinic), 168.45 (CO amide).

4-cyano- N*-(2’,4’-dimethylphenyl)-5-{(Z)-[4""-(2”,5”-diox0-2”,5”-dihydro-1H-pyrrol-yl)-
3”’-methoxyphenyl’]diazenyl}-2-methyl-3-thiophenecarboxamide (1a)

136.2 (C2), 135.2 (C3 & C4), 142.5 (C5), 135.6 (C1’), 131.1 (C2’), 129.6 (C3’), 133.1 (C4),
130.9 (C57), 126.1 (C6), 159.4 (CT’), 169.8 (C2"& C57), 132.6 (C3”& C47), 139.3 (C17), 113.3 (C27),
126.6 (C37&C4™), 142.5 (C57), 112.8 (C6”), 14.4 (-CHs, C2), 55.6 (-OCHs, C5™), 17.8 (-CHs, C27),
20.5 (-CHs, C4%), 118.7 (-CN, C4)

Methyl 4-[(2’,4’-dimethylanilino)carbonyl]-2-{(Z)-[4"-(2”,5”-diox0-2",5”-dihydro-1H-
pyrrol-yl)-3

134.9 (C2), 133.2 (C3 & C4), 134.9 (C3), 184.9 (C1’), 130.5 (C2’), 126.1 (C3’), 134.9 (C4’),
130.3 (C5’), 119.8 (C¢’), 155.3 (C7’), 169.9 (C2"& C5”-CO.CH;, C4), 130.9 (C3"& C4”), 134.9
(C17& C4™), 126.6 (C27), 120.5 (C3™), 155.3 (C57), 112.3 (C6™), 15.1 (-CH;, C2), 55.7 (-CO.CHs,
C4), 17.9 (-CH;, C27), 20.5 (-CHs, C47).

295

-nitrophenyl]diazenyl}-5-methyl-3-thiophenecarboxylate (1b)

Methyl 4-[(2’,4’-dimethylanilino)carbonyl]-2-{(Z)-[4"-(2”,5”-diox0-2",5”-dihydro-1H-
pyrrol-yl)-3

134.9(C2), 1383.2(C3 & C4), 184.9(C5), 134.9(C1’), 1380.5(C2"), 126.1(C3’), 134.9(C«’),
130.3(C5’), 119.8(C6’), 155.3(C7’), 169.9(C2” & C57-CO.CHs), 130.9(C3” & 47), 134.9(C1” &
C47), 126.6(C2™), 120.5(C3™), 155.3(C5™"), 112.3(C6™), 15.1(-CH;, C2), 52.3(-CO.CHs, C4), 17.9(-
CHs, C2’), 20.5(-CH3, C4’), 55.7(-OCHys).

25

-methoxyphenyl]diazenyl}-5-methyl-3-thiophenecarboxylate (1c)

2.6. Antimicrobial Studies

The antimicrobial activities of the synthesized compounds (1a-c) were determined using
microbial strains obtained from the Department of Medical Microbiology, Ahmadu Bello
University Teaching Hospital Zaria, Nigeria (ABUTH); Gram-positive bacteria: Staphylococcus
aureus and Gram-negative bacteria; Escherichia coli. The cork and bore diffusion method of Karou,
et al. [187 was used to determine the antibacterial activity of the test compounds. Pure cultures of
the bacterial organisms were inoculated on to Mueller Hinton Agar (MERCK) and incubated for
24h at 38 °C. About 5 discrete colonies were aseptically transferred using sterile wire loops into
tubes containing sterile normal saline (0.85% NaCl) and were adjusted to a turbidity of 0.5
McFarland Standard. The suspensions were then inoculated on the surface of sterile Mueller —

Hinton Agar plates using sterile cotton swabs. A sterile 6 mm diameter cork borer was used to
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make holes (wells) into the set of inoculated Mueller-Hinton Agar. The wells were filled with
different concentration of the test compounds (1a-c). The plates were incubated for 24h at 38 °C.
All the tests were performed in triplicate and the antibacterial activities were determined as mean

diameters of inhibition zone (mm) produced by the test compounds.

2.7. Minimum Inhibitory Concentration (MIC)

The minimum inhibition concentrations (MIC) were determined for the compounds using
micro broth dilution method in accordance with. Serial dilution of the least concentration of the
compound that showed activity were prepared using test tubes containing 9 ml of double strength
nutrient broth (OXOID). The test tubes were inoculated with the suspension of the standardized
inocula and incubated at 38 °C for 18h. Minimum inhibition Concentrations (MIC) was recorded

as the lowest concentrations of the compounds showing no visible growth (turbidity) in the broth.

2.8. Minimum Bactericidal Concentration (MBC)

The minimum bactericidal concentration were determined by aseptically inoculating aliquots
of culture, from the minimum inhibition concentration (MIC) tubes that showed no growth, on
sterile nutrient Agar (OXOID) plates and incubated at 38°C for 48h. The MBCs were recorded as

the lowest concentration of extracts showing no bacterial growth at all.

3. RESULTS AND DISCUSSION
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Scheme-3. Synthesis of thiophene azo compounds

3.1. Chemistry

The synthetic approached used in this work involved three stages (Scheme 1, 2 and 3). The
first step of the reaction is likely the Knoevenagel-Cope condensation of the carbonyl compound,
with the activated nitrile (XCH.Y; X=Y=CN; X=CN, Y=CO,CHj;) yielding o, B-unsaturated
nitrile. This intermediate was then thiolated at the methylene group of the carbonyl compound by
the electrophilic elemental sulfur, followed by ring closure in catalytic amount of morpholine to
afford the 2-aminothiophene (intermediates, 1 and 2). The second step (Scheme 2) occurs via a
nucleophilic addition of substituted aromatic amine, to maleic anhydride. The reaction takes place
in dichloromethane under reflux condition, were the aromatic amine attacks the carbonyl carbon
of maleic anhydride, which breaks open forming amide bond and carboxylic acid. This was
followed by condensation at 100 °C in the presence of acetic anhydride and sodium acetate to give
the desired N-phenylmaleimide (intermediates, 3 and 4). The final step (Scheme 3) involved
treatment of 1-2 in nitrosylsulfuric acid (NaHSO.) and acetic anhydride/propionic acid mixture to
afford the thiophene diazonium salts which coupled successfully with 8 and 4 in acetic acid
containing sodium acetate to give the desire thiophenecarboxamide products (1a-c).The data
obtained from analytical as well as spectral studies were consistent with the structures of
aminothiophene (1 and 2) and N-phenylmaleimide (3 and 4) (Experimental section). Common
features of the aminothiophene derivatives are their strong IR stretching vibration around 1630
cm ! due to amide carbonyl group. The '*C NMR signals at & 87.99, 112.56, 140.88 and 160.43

confirmed the presence of the thiophene ring.

3.2. Biological Studies

The result of determination of zone of inhibition of all the test compounds (Table 1) ranges
from 20-24 mm against the test organisms. Compounds 1a and 1c¢ was observed to be the most
active with zone of inhibition of 24 mm against E. coli and S. aureus respectively, while 1b showed

a zone of 22 and 23 mm against S.aureus and E. coli respectively. The result of the minimum

127
© 2015 Conscientia Beam. All Rights Reserved.



International Journal of Chemistry and Materials Research, 2015, 3(7): 121-129

inhibition concentration (MIC) and minimum bactericidal concentration (MBC) shown in Table 1
showed that all the test compounds (1a-c) inhibited and completely kill Staphylococcus aureus at
various concentration; Compound la (MIC = 0.63 pg/mL, MBC = 1.25 pg/mL), compound 1b
(MIC = 1.25 pg/mL, MBC = 2.50 ng/mL) and compound 1¢ (MIC = 2.50 pg/mL, MBC= 5.00
pg/mL). The MIC of the test compounds on E. coli is; Compound 1a (MIC= 0.31 ng/mL, MBC =
0.63 ng/mL), Compound 1b (MIC=1.25 ng/mL, MBC= 1.25 pg/mL) and Compound 1c (MIC=
2.50 pg/mL, MBC= 2.50 pg/mL). When compared with the standard drug ciprofloxacin used as
positive control, compound la showed the same MBC value of 0.625 pg/mL against E. coli and
1.25 pg/mL against S. aureus. These results showed that the test compounds possess potential

that can be explored in the search for antibacterial drugs.

Table-1. Antimicrobial evaluation of synthesized compounds

Compounds | Zones of inhibition 10 pgmL-" | MIC pgmL-" MBC pgmlL!

S. aureus E. coli S. aureus E. coli S. aureus E. coli
la 22.0 23.5 0.625 0.31 1.25 0.625
1b 21.5 22.5 1.25 1.25 2.50 1.25
1c 23.5 20.0 2.50 2.50 5.00 2.50
CPFX 87.0 32.0 0.156 0.156 1.25 0.625

Key: CPFX = Ciprofloxacin
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