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1. Introduction
The antimicrobial activity of thieno[2,3-d]pyrimi-

dines has been successfully studied in the last decade [1–3]. 
For many of them, the mechanism of action via inhibition of 
bacterial TrmD was either confirmed or the calculations 
showed its high probability [4–6]. As part of the implemen-
tation of the hybrid pharmacophore concept, our studies 
have identified thieno[2,3-d]pyrimidine derivatives with 
potent antimicrobial properties [7, 8]. In addition, some of 
our recent research focused mostly on the development of 
the efficient procedure for the synthesis of thieno[2,3-d]py-
rimidine-4-carboxylic acids [9], which had been previously 
hardy available [10–12] regardless of their high pharmaco-
logical potential [13], revealed the antimicrobial activity of 
the amides of the corresponding acids’ amides [9]. 

Pyridine is a part of many natural compounds use-
ful for metabolism, such as nicotinic acid (B3 vitamin) 

required to form NAD+ and NADP+ in the body tis-
sue [14–16]. It is also a part of such highly active alkaloids 
as nicotine and anabasine [17–19]. Atropine, which is still 
widely prescribed [20, 21], can also be considered as a de-
rivative of reduced pyridine. 

The pharmaceutical market is also rich in synthetic 
medicines, which are the derivatives of pyridine. Isoniazid 
and ethionamide are useful antitubercular drugs with no 
available alternative [22]; pyridostigmine is effective against 
myasthenia gravis [23]; nifedipine and nilvadipine are the 
drugs to cure blood circulatory disorders [24, 25]; piroxicam 
is an effective NSAID drug mostly prescribed for therapy of 
arthritis [26]. Among the relatively new drugs, there are 
anticancer agents abiraterone and crizotinib [27, 28] and the 
drug for the treatment of Alzheimer’s disease, tacrine [29].

Many molecules with pyridine moiety were re-
ported as antimicrobials (Fig. 1) [30–33]. 
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As the extension of our research in novel antimi-
crobials we decided to combine pyridine moiety with the 
previously reported thieno[2,3-d]pyrimidine-4-carbox-
ylic acids to form amides based on 2- and 4-aminopyrim-
idine derivatives. 

The aim of research. In view of the high activity of 
thieno[2,3-d]pyrimidine-4-carboxylic acids amides and 
compounds with the fragment of pyridine as antimicrobi-
als, we decided to obtain previously unknown pyridyl 
amides of thieno[2,3-d]pyrimidine-4-carboxylic acid 
and test them for antimicrobial activity using in silico 
and in vitro methods.

2. Planning (methodology) of research
In our previous study, which was mostly devoted 

to the development of an effective procedure for the 
synthesis of thieno[2,3-d]pyrimidine-4-carboxylic ac-
ids (Fig. 2) [9], we revealed promising antimicrobial 
activity of some benzylic and simply substituted aro-
matic amides. 

The developed procedure made available some 
thieno[2,3-d]pyrimidine-4-carboxylic acids, and their 
modification with pyridines as the amide part substituent 
was found to be a good strategy for the construction of 
novel antimicrobials.

In order to check whether pyridyl fragments could 
be beneficial as an amide substituent for potentially anti-
microbial thieno[2,3-d]pyrimidine-4-carboxylic acids’ 
amides, we decided to construct the virtual library of the 
molecules based on the readily available acids and the 
series of 2- or 4-aminopyrimidines and predict the possi-
bility of TrmD inhibitory activity for these molecules. 
The next step was to obtain the series of pyridyl amides 
of thieno[2,3-d]pyrimidine-4-carboxylic acid and test 
their antimicrobial activity. The methodology of antibac-
terial activity screening included not only standard 
strains but also the clinical strains of the microorganisms. 

3. Materials and methods
3. 1. Molecular docking studies 
Molecular docking studies were conducted at the 

Department of Pharmaceutical Chemistry of the National 
University of Pharmacy (20.04.2023-15.05.2023). (Gua-
nine37-N1)-methyltransferase TrmD isolated from Pseu-
domonas aeruginosa (PDB ID – 5ZHN) as a complex 
with its native inhibitor N-(4-((octylamino)methyl)ben-
zyl)-4-oxo-3,4-dihydrothieno[2,3-d]pyrimidine-5-car-
boxamide was used as a target protein of the docking 
studies. The model deposited from the Protein Data Bank 
was taken [6]. 

Fig. 1. Pyridine-containing molecules with antimicrobial activity

R = Me, Et, nPr, nBu, Ph

[30]
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[31] [32]
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Fig. 2. Previously reported amides of thieno[2,3-d]pyrimidine-4-carboxylic acids with activity against Proteus vulgaris 
and Pseudomonas aeruginosa
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Preparation of the ligands. The structures of the 
compounds were drawn with BIOVIADraw 2021 program 
and stored in .mol format. The structures were further opti-
mized with Chem3D, using the quantum-mechanical algo-
rithm MM2 and stored as .pdb. AutoDockTools-1.5.6 pro-
gram was used for the conversion of .pdb files into .pdbqt, 
the number of active rotatable bonds was set as default. 

Preparation of the protein. Removal of water mole-
cules and ligands was performed with Discovery Studio 
Visualizer 2021. The protein structure was stored as .pdb. 
The AutoDockTools-1.5.6 program was used to add polar 
hydrogens and to store the protein model in .pdbqt format. 
The coordinates of Grid box and its center were determined 
from the native ligand position; the redocking methodology 
was used for the validation of the docking methodology as 
it was reported earlier [7]. The reproducibility of the posi-
tions of all the bonds was achieved in the active site in cor-
respondence to the experimental results reported earlier [6].

Vina was used to carry docking. For visualization, 
Discovery Studio 2021 was used.

3. 2. Chemistry
1H and 13C NMR spectra were recorded on a 

Bruker 170 Avance 500 spectrometer (500 and 125 MHz, 
respectively) in DMSO-d6, with TMS as the internal stan-
dard at room temperature. Mass spectra were recorded on an 
Applied Biosystems apparatus (Shimadzu 10-AV LC, Gil-
son-215, automatic sample feed, API 150EX mass spectrom-
eter, UV (215 and 254 nm) and ELS detectors, Luna-C18 
column, Phenomenex, 5 cm×2 mm, electrospray ionization). 
Elemental analysis was done using a Euro Vector EA-3000 
CHNS analyzer. Melting points were determined on a Kof-
ler hot bench. All reagents were obtained from commercial 
sources and used without further purification.

The starting acids 1 were prepared according to the 
previously reported procedure [9].:

1. 5,6-Dimethyl-N-(pyridin-2-yl)thieno[2,3-d]py-
rimidine-4-carboxamide (2a).

Yield: 76 %, white crystals. M.p. 199–200 °C. 
1H NMR (400 MHz, DMSO-d6) δ 11.29 (br.s, 1H, NH), 
9.06 (s, 1H, CH), 8.39 (d, J=4.8 Hz, 1H), 8.23 (d, J=8.3 Hz, 
1H), 7.91 (t, J=8.0 Hz, 1H), 7.23 (t, J=6.2 Hz, 1H), 
2.54 (s, 3H, thiophCH3), 2.25 (s, 3H, thiophCH3). 
13C NMR (126 MHz, DMSO-d6) δ 167.7, 164.6, 153.9, 
151.4, 151.1, 148.4, 138.5, 136.5, 126.9, 124.0, 120.5, 114.3, 
13.7, 12.0. LC-MS m/z (ES+) 285.0 (MH+). Anal. calcd. 
for C14H12N4OS (284,34): C, 59.14; H, 4.25; N, 19.70. 
Found: C, 59.21; H, 4.30; N, 19.09.

2. 5,6-dimethyl-N-(pyridin-4-yl)thieno[2,3-d]py-
rimidine-4-carboxamide (2b).

Yield: 82 %, white crystals. M.p. 187–188 °C. 
1H NMR (500 MHz, DMSO-d6) δ 11.32 (br.s, 1H, NH), 
9.10 (s, 1H, CH), 8.66–8.44 (m, 2H), 7.70 (dt, J=5.5, 
2.7 Hz, 2H), 2.54 (s, 3H, thiophCH3), 2.21 (s, 3H, thio-
phCH3). 

13C NMR (126 MHz, DMSO-d6) δ 168.1, 164.7, 
153.3, 151.5, 150.7, 144.8, 137.2, 126.9, 124.0, 113.7, 13.8, 
12.1. LC-MS m/z (ES+) 285.0 (MH+). Anal. calcd. for 
C14H12N4OS (284,34): C, 59.14; H, 4.25; N, 19.70. Found: 
C, 59.19; H, 4.33; N, 19.80.

3. 5,6-dimethyl-N-(6-methylpyridin-2-yl)thien-
o[2,3-d]pyrimidine-4-carboxamide (2c).

Yield: 67 %, white crystals. M.p. 169–170 °C. 
1H NMR (500 MHz, DMSO-d6) δ 11.24 (br.s, 1H, NH), 
9.02 (s, 1H, CH), 8.02 (dd, J=8.4, 3.9 Hz, 1H), 7.89–
7.67 (m, 1H), 7.07 (dd, J=7.8, 4.0 Hz, 1H), 2.52 (s, 3H, 
thiophCH3), 2.40 (s, 3H, CH3), 2.22 (s, 3H, thiophCH3). 
13C NMR (126 MHz, DMSO-d6) δ 164.5, 157.0, 154.0, 
151.4, 150.4, 138.8, 136.3, 129.1, 126.9, 124.0, 119.7, 111.1, 
23.6, 13.7, 12.0. LC-MS m/z (ES+) 299.0 (MH+). Anal. 
calcd. for C15H14N4OS (298,37): C, 60.38; H, 4.73; N, 18.78. 
Found: C, 60.46; H, 4.78; N, 18.78.

4. 5,6-dimethyl-N-(4-methylpyridin-2-yl)thien-
o[2,3-d]pyrimidine-4-carboxamide (2d).

Yield: 79 %, white crystals. M.p. 191–192 °C. 
1H NMR (500 MHz, DMSO-d6) δ 11.21 (br.s, 1H, NH), 
9.04 (s, 1H, CH), 8.21 (d, J=11.4 Hz, 1H), 8.07 (d, 
J=8.9 Hz, 1H), 7.05 (s, 1H), 2.53 (s, 3H, thiophCH3), 
2.38 (s, 3H, CH3), 2.23 (s, 3H, thiophCH3). 
13C NMR (151 MHz, dmso) δ 168.2, 165.0, 154.4, 151.9, 
151.6, 149.8, 148.4, 136.9, 127.4, 124.5, 121.9, 115.0, 21.3, 
14.1, 12.4. LC-MS m/z (ES+) 299.0 (MH+). Anal. calcd. 
for C15H14N4OS (298,37): C, 60.38; H, 4.73; N, 18.78. 
Found: C, 60.45; H, 4.83; N, 18.84.

5. 5,6-dimethyl-N-(3-methylpyridin-2-yl)thien-
o[2,3-d]pyrimidine-4-carboxamide (2e).

Yield: 57 %, white crystals. M.p. 130–131 °C. 
1H NMR (500 MHz, DMSO-d6) δ 11.21 (br.s, 1H, NH), 
9.03 (s, 1H, CH), 8.20 (t, J=2.8 Hz, 1H), 8.10 (dd, J=8.6, 
3.1 Hz, 1H), 7.71 (dd, J=8.3, 2.7 Hz, 1H), 2.52 (s, 3H, 
thiophCH3), 2.27 (s, 3H, CH3), 2.22 (s, 3H, thiophCH3). 
13C NMR (126 MHz, DMSO-d6) δ 164.4, 154.0, 151.5, 
148.9, 148.2, 138.8, 136.4, 129.5, 126.9, 124.0, 113.8, 17.3, 
13.7, 11.9. LC-MS m/z (ES+) 299.0 (MH+). Anal. calcd. 
for C15H14N4OS (298.37): C, 60.38; H, 4.73; N, 18.78. 
Found: C, 60.44; H, 4.81; N, 18.82.

6. N-(pyridin-2-yl)-5,6,7,8-tetrahydro[1]benzoth-
ieno[2,3-d]pyrimidine-4-carboxamide (2f).

Yield: 85 %, white crystals. M.p. 156–157 °C. 
1H NMR (400 MHz, DMSO-d6) δ 11.24 (br.s, 1H, NH), 
9.06 (s, 1H, CH), 8.39 (d, J=4.9 Hz, 1H), 8.22 (d, J=8.3 Hz, 
1H), 7.91 (d, J=7.4 Hz, 1H), 7.22 (t, J=6.2 Hz, 1H), 2.91 (d, 
J=6.3 Hz, 2H), 2.68 (d, J=6.1 Hz, 2H), 1.92–1.67 (m, 4H). 
13C NMR (126 MHz, DMSO-d6) δ 168.5, 164.5, 153.4, 
151.5, 151.1, 148.4, 139.5, 138.5, 126.2, 126.1, 120.4, 114.2, 
25.4, 24.1, 22.2, 21.6. LC-MS m/z (ES+) 311.0 (MH+). 
Anal. calcd. for C16H14N4OS (310,38): C, 61.92; H, 4.55; N, 
18.05. Found: C, 61.96; H, 4.59; N, 18.10.

7. N-(pyridin-4-yl)-5,6,7,8-tetrahydro[1]benzoth-
ieno[2,3-d]pyrimidine-4-carboxamide (2g).

Yield: 83 %, white crystals. M.p. 179–180 °C. 
1H NMR (500 MHz, DMSO-d6) δ 11.28 (br.s, 1H, NH), 
9.10 (s, 1H, CH), 8.58–8.44 (m, 2H), 7.81–7.60 (m, 2H), 
2.91 (d, J=6.3 Hz, 2H), 2.65 (t, J=6.2 Hz, 2H), 1.94–
1.66 (m, 4H). 13C NMR (126 MHz, DMSO-d6) δ 168.8, 
164.7, 152.8, 151.6, 150.7, 144.8, 140.2, 126.2, 126.1, 113.7, 
25.4, 24.3, 22.1, 21.6. LC-MS m/z (ES+) 311.0 (MH+). 
Anal. calcd. for C16H14N4OS (310,38): C, 61.92; H, 4.55; N, 
18.05. Found: C, 61.99; H, 4.60; N, 18.02.
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8. N-(6-methylpyridin-2-yl)-5,6,7,8-tetrahydro[1]
benzothieno[2,3-d]pyrimidine-4-carboxamide (2h).

Yield: 71 %, white crystals. M.p. 178–179 °C. 
1H NMR (500 MHz, DMSO-d6) δ 11.18 (br.s, 1H, NH), 
8.01 (s, 1H, CH), 7.77 (t, J=7.8 Hz, 1H), 7.07 (d, J=7.5 Hz, 
1H), 2.90 (d, J=5.9 Hz, 2H), 2.65 (d, J=5.6 Hz, 2H), 2.41 (s, 
3H, CH3), 1.90–1.68 (m, 4H). 13C NMR (126 MHz, DMSO) 
δ 168.4, 164.5, 157.0, 151.5, 139.4, 138.8, 133.7, 126.2, 119.7, 
111.1, 110.4, 103.3, 25.4, 24.1, 23.6, 22.2, 21.6. LC-MS m/z 
(ES+) 325.0 (MH+). Anal. calcd. for C17H16N4OS (324,41): C, 
62.94; H, 4.97; N, 17.27. Found: C, 62.92; H, 5.05; N, 17.36.

9. N-(4-methylpyridin-2-yl)-5,6,7,8-tetrahydro[1]
benzothieno[2,3-d]pyrimidine-4-carboxamide (2i).

Yield: 68 %, white crystals. M.p. 176–177 °C. 
1H NMR (500 MHz, DMSO-d6) δ 11.16 (br.s, 1H, NH), 
9.04 (s, 1H, CH), 8.22 (d, J=4.7 Hz, 1H), 8.06 (s, 1H), 
7.04 (d, J=5.2 Hz, 1H), 2.90 (d, J=5.9 Hz, 2H), 2.66 (d, 
J=5.7 Hz, 2H), 2.37 (s, 3H, CH3), 1.88–1.68 (m, 4H). 13C 
NMR (126 MHz, DMSO-d6) δ 168.4, 164.5, 153.4, 151.5, 
151.2, 149.3, 148.0, 139.5, 126.2, 126.1, 121.4, 114.5, 25.4, 
24.1, 22.2, 21.6, 20.9. LC-MS m/z (ES+) 325.2 (MH+). 
Anal. calcd. for C17H16N4OS (324,41): C, 62.94; H, 4.97; N, 
17.27. Found: C, 63.02; H, 4.98; N, 17.37.

10. N-(3-methylpyridin-2-yl)-5,6,7,8-tetrahydro[1]
benzothieno[2,3-d]pyrimidine-4-carboxamide (2j).

Yield: 62 %, white crystals. M.p. 140–141 °C. 
1H NMR (500 MHz, DMSO-d6) δ 11.15 (br.s, 1H, NH), 
9.03 (s, 1H, CH), 8.20 (t, J=3.1 Hz, 1H), 8.10 (dd, J=8.4, 
3.8 Hz, 1H), 7.70 (dt, J=6.8, 3.1 Hz, 1H), 2.90 (d, J=5.7 Hz, 
2H), 2.65 (d, J=5.7 Hz, 2H), 2.27 (s, 3H, CH3), 1.92–1.58 
(m, 4H). 13C NMR (126 MHz, DMSO-d6) δ 168.4, 164.3, 
153.5, 151.5, 148.9, 148.1, 139.4, 138.8, 129.5, 126.2, 126.1, 
113.8, 25.4, 24.1, 22.2, 21.6, 17.3. LC-MS m/z (ES+) 325.2 
(MH+). Anal. calcd. for C17H16N4OS (324,41): C, 62.94; H, 
4.97; N, 17.27. Found: C, 62.98; H, 5.03; N, 17.36.

3. 3. Antimicrobial Activity
The studied derivatives were tested in vitro for their 

antibacterial and anti-fungal activities using agar diffusion 
and serial dilutions resazurin-based microdilution as-

says (RBMA) [34–36]. For this purpose, 100 μL (1 mg/mL) 
of the tested compound was placed in an agar well with a 
diameter of 5.5 mm. The diameter of the growth retardation 
was measured using a micrometre with an error of 0.1 mm. 
Dimethyl sulfoxide (DMSO) (Sigma-Aldrich, St. Louis, 
MO, USA) was used as a controls. Pure DMSO was used as 
a solvent due to the poor solubility of the test compound in 
dilute DMSO. In addition, Mueller-Hinton agar (Sigma-Al-
drich, St. Louis, MO, USA) and Saburo agar (for fungi) 
(Sigma-Aldrich, St. Louis, MO, USA) were used, and Petri 
dishes were incubated at 37 °C for 24 h for bacteria and at 
25 °C for 24–48 h for fungi. The RBMA method involved 
the introduction of a 96-well plate of 50 μL of nutrient me-
dium (Mueller-Hinton broth or glucose broth), 50 μL of a 
suspension of the microorganism (McFarland 1.5–2.0), and 
100 μL of the tested compound, with the addition of 15 μL 
of 0.02 % resazurin in each well.

Eighteen reference and clinical microbial and fun-
gal strains were used (Table 1), previously identified by 
the MALDI TOF system (Bruker, Bremen, Germany) 
and 16S rRNA gene sequences. All clinical strains were 
multi-drug-resistant or extensively drug-resistant with 
different antibiotic resistance patterns. Clinical strains 
were isolated from a patient with healthcare-associated 
infections (respiratory tract, blood, urine) from Lviv re-
gional hospitals. All testing was repeated triplicate. All 
biofilm-forming strains had the pox gene, which is re-
sponsible for the formation of biofilms.

4. Result
In order to check the assumption about the rational-

ity of the combination of thieno[2,3-d]pyrimidine-4-car-
boxilic acids with the fragments of aminopyridine in the 
form of amide substituent, we carried out the docking 
studies for the generated library of the virtual molecules. 
We studied the opportunity for the compound generated 
from the available to us 2- or 4-aminopyridienes and sub-
stituted thieno[2,3-d]pyrimidine-4-carboxilic acids to 
have antimicrobial activity due to inhibition of TrmD. The 
constructed compounds are listed in Fig. 3. 

Fig. 3. The designed structures of pyridyl amides of thieno[2,3-d]pyrimidine-4-carboxylic acid
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The molecular docking studies were performed for 
the library of compounds to the active site of selective 
TrmD inhibitors, for the enzyme isolated from P. aerugi-
nosa. The inhibitory activity of the constructed ligands 
was estimated by the affinity of the enzyme in relation to 
the reference ligand, the conformation analysis of the li-
gand’s pose, and its interaction with the amino acids of the 
active site (Table 2). All the ligands, according to their af-
finity, were at the same level or showed even better affin-
ity in comparison to the reference ligand. Their binding 
energy was in the region –8.2 to –9.3 kcal/mole (Table 1). 
The affinity for tetrahydrobenzothieno[2,3-d]pyrimidie 
derivatives 2f-2j was the highest in the experiment. 

In order to combine the pyrimidine fragment with 
thieno[2,3-d]pyrimidine-4-carboxylic acids we used the 
reaction of acylation of 2- or 4-aminopyrimidines with 
the corresponding acids 1. The reaction was performed 
using 1,1’-carbonyldiimidazole as a coupling reagent in 
the anhydrous dimethylformamide Fig. 4.

It is very likely that the position of the carboxyl group 
at the pyrimidine ring due to the electron-withdrawing ef-

fect of two nitrogen atoms makes intermediate imidazolide 
very reactive. The reaction gives high yields of products 2, 
which needs to be just purified by crystallization. 

In the spectra of amides 2a-e, the signals of the corre-
sponding substituents at the thiophene ring are observed in 
the form of two singlets in the regions 2.52–2.54 and 2.21–
2.25 ppm. For the compounds 2f-j the signals of tetrahydro-
benzo substituent are observed as three groups of signals; 
they are in the form of two doublets of methylene groups at 
positions near the thiophene ring 2.90–2.92 (2H) and 2.65–
2.68 (2H), the signals if more distant from thiophene methy-
lene groups are observed in the region 1.58–1.94 (m, 4H).

For all of the amides 2, the typical signal of NH 
proton is observed in the region 11.15–11.32 ppm; among 
all of the compounds 2, this signal is observed the most 
downfield for 4-pyridyl amides 2b and 2g. The signal of 
CH group at position 2 of thieno[2,3-d]pyrimidine ring 
system is observed as a singlet in the region 8.01–9.10 ppm. 
The signals of pyrimidine ring protons are observed in the 
region of aromatic proton resonance. Methyl groups for 
aminopicolines have signals in the region 2.27–2.41 ppm.

Table 1
The results of docking studies of pyridyl amides of thieno[2,3-d]pyrimidine-4-carboxylic acid

Ligand Binding energy, 
kcal/mol Hydrophobic interaction Hydrogen interaction Other interaction

Reference 
ligand –8.2 Tyr141, Ser93(2), Pro94 (4), Pro149(2), Tyr120, 

Ile138, Leu143, Gly 145, Gly146
Leu143, Gln95, Glu121, 

Gly139, Asp182 –

2a –8.5 Gly145, Gly146, Pro94(3), His185*, Pro149 leu92* Glu121 (Electrostatic)

2b –8.2 Pro94(2), Val142*, Ile138, Leu143, Pro149 Tyr91*, Ile138, Gly145, 
Leu92* –

2c –8.9 Pro94(2), Val142*, Ile138 (2), Leu143, Tyr141, 
Leu143, Pro149 Tyr91*, Leu92* –

2d –9.2 Pro94 (4), Leu143(2), His185*, Pro149, Gly145, 
Gly146 Leu92* Glu121 (Electrostatic)

2e –8.3 Pro94 (4), Val142*, Leu143(3), Ile138, Pro149(2) – –

2f –9.0 Ser93, His185*, Pro94 (2) Tyr91(2)*, Gln95(2)*, 
Pro94, Asp182

2g –9.0 Ser93, Pro94(5), Val142*, Leu143, Pro149 Tyr91*, Gly145(2), Tyr141
2h –9.1 Ser93, Pro94(5), Val142*, Ile138, Pro149(2), Leu143 Tyr91*, Gly145, Leu92*

2i –9.0 Ser93, Pro94 (6), Val142*, Ile138, Pro149, Leu143, 
Pro149 Tyr91*, Gly145

2j –9.3 Ser93, Pro94 (6), Val142 (2)*, Leu143 (2), Pro149 Tyr91*, Gly145, Leu92 (2)*

Note: () – the number of bonds is given in brackets; * – the amino acids which do not interact with reference ligand in the experiment 

Fig. 4. Synthesis of pyridyl amides of thieno[2,3-d]pyrimidine-4-carboxylic acid
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All the 13C NMR spectra show a good correlation 
between the number of the signals in the spectra and the 
number of nonequivalent Carbon atoms in the molecules 
of amides 2. For the LC-MS spectra of amides 2, the 
correspondence between the quasimolecular ion m/z val-
ue and the suggested structure is observed.

The amides 2 were tested for antimicrobial activ-
ity in vitro. From the ten compounds 2 tested (Table 3), 
the compound 2g showed the best antimicrobial effect 
against Gram-positive microorganisms, including clini-
cal biofilm-forming strains of staphylococci. Com-

pounds 2h, 2c also showed activity against the reference 
strains of Staphylococcus aureus and Pseudomonas 
aeruginosa. 

No significant activity against fungi was observed, 
but later maturation of Aspergillus spores (blackening), 
compared to the control, may indicate a potential spori-
cidal effect. But this requires a more detailed study.

A minimum inhibitory concentration was deter-
mined for the three hit compounds, and the lowest MIC 
was for compound 2c against the reference strain of 
Pseudomonas aeruginosa.

Table 2
In vitro antimicrobial activity (zone of growth inhibition at conc. 1 mg/mL after 24–48 h)

Type of species Species of bacteria and fungi
Zone of growth inhibition (mm ±SE)

2a 2b 2c 2d 2e 2f 2g 2h 2i 2j

Gram-neg-
ative 

bacteria

Reference 
strains

Pseudomonas aeruginosa 
ATCC 10145 00 00 12.1± 

±0.3 00 00 00 8.7± 
±0.3

11.3± 
±0.3

7.1± 
±0.3 00 00

Clinical 
strains

Pseudomonas aeruginosa 
N197 00 00 00 00 00 00 00 00 00 00 00

Klebsiella pneumoniae N218 10.0± 
±0.2

10.0± 
±.2

10.0± 
±0.2

10.0± 
±0.2

10.0± 
±0.2

10.0± 
±0.2

10.0± 
±0.2

10.0± 
±0.2

10.0± 
±0.2

10.0± 
±0.2

10.0± 
±0.2

Escherichia coli N221 00 00 00 00 00 00 00 00 00 00 00

Gram-pos-
itive 

bacteria

Reference 
strain

Staphylococcus aureus 
subsp. aureus ATCC 25923 

biofilm-forming
00 00 7.1± 

±0.3 00 00 00 11.6± 
±0.3

7.3± 
±0.3 00 00 00

Staphylococcus epidermidis 
ATCC 12228 non-biofilm 

forming
00 00 00 00 00 00 13.5± 

±0.3 00 00 00 00

Clinical 
strain

Staphylococcus aureus N 221 00 00 00 00 00 00 00 00 00 00 00

Staphylococcus delphini N 223 00 00 00 00 00 00 7.0± 
±0.2 00 00 00 00

Enterococcus spp. N 222 00 00 00 00 00 00 00 00 00 00 00
Staphylococcus aureus bio-

film-forming N2 00 00 00 00 00 00 10.1± 
±0.2 00 00 00 00

Staphylococcus aureus bio-
film-forming N3 00 00 00 00 00 00 7.0± 

±0.2 00 00 00 00

Staphylococcus aureus bio-
film-forming N5 00 00 00 00 00 00 00 00 00 00 00

Staphylococcus aureus bio-
film-forming N12 00 00 00 00 00 00 11.3± 

±0.2
7.0± 
±0.2 00 00 00

Staphylococcus aureus bio-
film-forming N19 00 00 00 00 00 00 16.6± 

±0.2
7.0± 
±0.2 00 00 00

Fungi

Reference 
strain

Candida. albicans ATCC 
885-653

13.0± 
±0.4

13.0± 
±0.4

13.0± 
±0.4

13.0± 
±0.4

13.0± 
±0.4

13.0± 
±0.4

13.0± 
±0.4

13.0± 
±0.4

13.0± 
±0.4

13.0± 
±0.4

13.0± 
±0.4

Aspergillus niger * 9.0± 
±0.2

9.0± 
±0.2

13.0± 
±0.4

9.0± 
±0.2

9.0± 
±0.2

9.0± 
±0.2

13.0± 
±0.4

13.0± 
±0.4

9.0± 
±0.2

9.0± 
±0.2

9.0± 
±0.2

Clinical 
strain Candida lusitaniae N 89 13.0± 

±0.4
13.0± 
±0.4

13.0± 
±0.4

13.0± 
±0.4

13.0± 
±0.4

13.0± 
±0.4

13.0± 
±0.4

13.0± 
±0.4

13.0± 
±0.4

13.0± 
±0.4

13.0± 
±0.4

Note: *Maturation of Aspergillus spores (blackening) was observed later, compared to the control

Table 3
MIC value (μM) of compounds against bacterial species

Species of bacteria 
μM

2g 2h 2c
Staphylococcus aureus subsp. Aureus

 ATCC 25923 biofilm-forming 805.5 770.6 1675.8

Pseudomonas aeruginosa ATCC 10145 402.7 385.3 209.5
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5. Discussion
The results obtained in the research showed that 

modification of the readily available for preparation ac-
cording to the previously reported procedure [9] thien-
o[2,3-d]pyrimidine-4-carboxylic acids by amidation 
with the derivatives of aminopyridines promoted by 
1,1’-carbonyldiimidazole as a peptide coupling reagent 
produces the yields of the amides which are no less than 
for anilines and benzyl amines [9]. The microbiological 
research on the variety of bacterial strains more than the 
standard number revealed the selectivity of antimicrobial 
action of pyridyl amides of thieno[2,3-d]pyrimi-
dine-4-carboxylic acids against Pseudomonas aerugino-
sa ATCC 10145, Klebsiella pneumoniae N218 and some 
biofilm-forming strains of Staphylococcus aureus. The 
antifungal activity, which was typical for similar amides 
with carbocycles in the amide fragment [9], was also 
disclosed for the pyridyl analogues 2 presented in the 
current research. The molecular docking study of the 
obtained pyridyl carboxamides 2, which contains carbox-
amide group at position 4, in comparison with the native 
ligand containing carboxamide group at position 5 [6] to 
TrmD isolated from P. aeruginosa showed the opportu-
nity for 4-carboxamides to bind with the active site of the 
enzyme. The docking studies gave a deeper insight into 
the possible mechanism of antibacterial action of pyridyl 
amides of thieno[2,3-d]pyrimidine-4-carboxylic acids.

The virtual library of pyridyl amides thieno[2,3-d]
pyrimidine-4-carboxylic acids constructed for the study 
of the antimicrobial activity and the influence of the sub-
stituents in the pyridine cycle at this type of activity was 
tested using the docking studies at the active site of (gua-
nine37-N1)-methyltransferase (TrmD) isolated from 
Pseudomonas aeruginosa. The docking study revealed a 
high probability of antimicrobial activity by inhibition of 
bacterial TrmD at this stage of research.

The detailed study of the library members with the 
peptide fragments evidently shows the similarity in the 
interaction pattern for all of the compounds 2 and their 
strong fixation in the pocket by the branched network of 
hydrophobic interactions. The additional stabilization of 
the ligand-enzyme conformation is achieved by interac-
tion with glycine Gly 145 and glutamine Gln95 for most 
of the compounds, with the exception of am-
ide 2e (Fig. 5, a). These interactions and the bond with 
leucine (Leu92) confirm the opportunity for the deep 
immersion into the active site because it is the same as for 
S-Adenosyl methionine, which is the main cofactor of 
TrmD. It should also be noticed that for all of the pico-
lines (2с-e, 2h-g) the hydrophobic interaction of methyl 
group is typical with Val42, Ile138, Leu143.

The comparison of the studied ligands’ conforma-
tions with the reference ligand conformation shows the 
same spatial pose of thienopyrimidine cycles for in-
stance (Fig. 5, b). On the other hand the molecules of the 
ligands 2а-2j are shorter than the molecule of the refer-
ence ligand and the hydrophobic pocket occupied with 
the alkyl chain of the native ligand remains empty. As a 
result, no hydrophobic interactions with the residue of 
tyrosine (Tyr120, 141) are observed. 

The results of docking studies showed a high prob-
ability of antimicrobial activity for amides 2 via inhibi-
tion of TrmD.

For the synthesis of the library we used the reac-
tion between thieno[2,3-d]pyrimidine-4-carboxylic ac-
ids and substituted aminopyridines promoted by 
1,1’-carbonylidiimidazole as peptide coupling reagent. 
The suggested procedure for pyridyl amides thien-
o[2,3-d]pyrimidine-4-carboxylic acids synthesis start-
ing from readily available thieno[2,3-d]pyrimi-
dine-4-carboxylic acids was found to be highly effective 
and produced us the target molecules with high yields 
and high purity. The results of the antimicrobial activity 
in vitro screening for the amides 2 revealed that N-(pyr-
idin-4-yl)-5,6,7,8-tetrahydro[1]benzothieno[2,3-d]py-
rimidine-4-carboxamide (2g) showed a wide range of 
antimicrobial activity while 5,6-dimethyl-N-(6-meth-
ylpyridin-2-yl)thieno[2,3-d]pyrimidine-4-carboxam-
ide (2c) had the best MIC value against the reference 
strain of Pseudomonas aeruginosa ATCC 10145. 
N-(6-Methylpyridin-2-yl)-5,6,7,8-tetrahydro[1]benzoth-
ieno[2,3-d]pyrimidine-4-carboxamide (2h) was also 
found to be active against Pseudomonas aeruginosa 
with high selectivity to this bacteria. 

Fig. 5. 3D visualization: a – interaction of the ligand 
2e with amino acid residues of the active site of TrmD 

inhibitors; b – conformations of native inhibitor (yellow 
molecule) and ligand 2е (blue molecule)

a

b
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Study limitations. The study of antimicrobial 
properties of pyridyl amides thieno[2,3-d]pyrimi-
dine-4-carboxylic acids is limited by the availability of 
the starting acids as well as the availability of a collection 
of Pseudomonas aeruginosa strains. The limitations are 
also in the use of restricted substituents, which are 
known to increase the toxicity of the molecules for hu-
mans. The docking method for study is also limited by 
the differences in software, and thus, the calculated 
docking parameters may vary. To make the calculations 
more accurate, validation of methodology depending on 
the native reference ligand should be performed for every 
particular calculation. 

Prospects for further research. The suggested 
methods for synthesis of pyridyl amides thieno[2,3-d]
pyrimidine-4-carboxylic acids and the docking to 
TrmD can be applied for the construction of more po-
tent antimicrobials selective to TrmD of Pseudomonas 
aeruginosa. The docking studies can be applied for the 
preliminary in silico screening of the virtual libraries of 
amides of thieno[2,3-d]pyrimidine-4-carboxylic acids. 
The result of the antimicrobial screening in vitro 
showed the prospects of additional study of the com-
pound 2g for anti-biofilm activity. Compounds 2g; 2j; 
2i; 2h are interesting objects for study regarding spori-
cidal activity.

6. Conclusions 
The results of the study in the series of pyridyl 

amides of thieno[2,3-d]pyrimidine-4-carboxylic acids 
revealed their antimicrobial activity with a special im-
pact on the inhibition of Pseudomonas aeruginosa. The 
effective coupling method for preparation of the amides 
using peptide coupling procedures of thieno[2,3-d]py-
rimidine-4-carboxylic acids with unsubstituted 2- and  

4-aminopyridines as well as their picoline analogs has 
been developed. 

The in vitro studies of antimicrobial activity con-
firmed the wide range of antimicrobial activity for 
N-(pyridin-4-yl)-5,6,7,8-tetrahydro[1]benzothieno[2,3-d]
pyrimidine-4-carboxamide (2g). The selectivity and the 
lowest MIC value against the reference strain of Pseudo-
monas aeruginosa ATCC 10145 in the series was found 
for 5,6-dimethyl-N-(6-methylpyridin-2-yl)thieno[2,3-d]
pyrimidine-4-carboxamide (2c). For the compound 2g, 
the potential antibiofilm activity was determined.
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