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Abstract: Background: One of the successful approaches for rational design of bioactive com-
pounds is the bioisosterism strategy. Thus, the bioisosteric relation of thieno[2,3-d]pyrimidin-4-
ones with quinazolines, cytosine and uracil resulted in the generation of compounds with variety 
of biological properties including antiparasitic activity. In contrast to mammals, all parasites are 
unable to synthesize purines de novo and rely instead on the Purine Salvage Pathway (PSP) to ob-
tain purines, which are essential for their survival.  Having in view the above mentioned facts we 
designed and synthesized some thieno[2,3-d]pyrimidines as bioisosters in order to evaluate their 
antitrichinellosis efficacy. 

Methods: The target compounds were synthesized by one-pot cyclocondensation reaction passing 
dry hydrogen chloride gas through a solution of 2-aminothiophene-carboxylate and a series of al-
kyl respectively aryl nitriles as precursors.  

The parasitological screening in vitro was carried out by using encapsulated infective larvae of 
Trichinella spiralis, 100 speciments per 1 mL physiological solution, released in advance from the 
muscle capsules by digestion with acid pepsin solution. 

Results: Fourteen 2-substituted-thieno[2,3-d]pyrimidin-4-ones were synthesized and their struc-
ture was identified. The data obtained by the antitrichinellosis screening showed that compounds 
2, 8 and 15 exhibit higher activity than the reference drugs albendazole and ivermectin at concen-
trations of 0.37, 0.35 and 0.48 µM resp. 0.92, 0.88 and 1.2 µM after 24-hour incubation of the 
samples. The highest efficacy at both incubations was revealed by 2-benzyl-5,6,7,8-
tetrahydrothieno[2,3-d]pyrimidin-4(3H)-one 2 - 97.94% and 100%, respectively. Compound 15 
demonstrated 97.5% antiparasitic activity after 48h at concentration of 250 µg/ml. The theoreti-
cally calculated intestinal absorption (%ABS) of the tested thieno[2,3-d]pyrimidines displayed 
higher values than that of albendazole. The structure-activity relationship (SAR) data of the tested 
compounds 2, 4-8 and 15 complies with the Lipinski’s rule. It was assumed that the low molecular 
volume (Vol.) and logP of compound 15 led to enhancement of the compound activity by increas-
ing the penetration through the ion channels of the parasitic cells as it was observed in some al-
bendazole derivatives. 

Conclusion: The tested thienopyrimidin-4-ones possess higher anthelminthic effect than albenda-
zole against Trichinella spiralis. Compounds 2, 4-8 and 15 demonstrated higher absorption %ABS 
than albendazole. According to the SAR analysis, the partition coefficient (logP) is essential for 
parasite drug penetration due to diffusion through the cell membrane. 

Keywords: Thieno[2,3-d]pyrimidines, bioisosterism, SAR, antiparasitic activity, Trichinella spiralis, Lipinski’s rule. 

1. INTRODUCTION  
The bioisosterism strategy is one of the successful ap-

proaches for rational design of bioactive compounds. The  
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process of molecular modification using a lead compound as 
starting point is mostly focused on the synthesis of novel 
derivatives, based on the knowledge for the structural factors 
and the physico-chemical properties of all its pharmaco-
phoric groups. The term bioisosteretism is introduced in or-
der to explain the revealed similar or antagonistic biological 
effects of structurally related compounds. Later, the bioisos-
teres were defined as a subgroup or molecules with similar 
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physico-chemical properties exhibiting similar or antagonis-
tic biological activities [1-2]. Thus bioisosteric relation of 
thieno[2,3-d]pyrimidin-4-ones with quinolones, cytosine and 
uracil led to the generation of variety of biological properties 
as antibacterial [3], antiparasitic [4], analgesic [5], anti-
inflammatory [5], anticancer [6], antioxidant [7] and antie-
metic [8]. 

Parasites are the cause of a number of major human and 
animal diseases. Parasites release a variety of molecules that 
help them to penetrate the defensive barriers and avoid the 
immune attack of the host. Fortunately, both protozoan and 
metazoan, parasites seem to share specificity to the purine 
metabolism. In contrast to mammals, all parasites are unable 
to synthesize purines de novo and rely instead on the Purine 
Salvage Pathway (PSP) to obtain purines, which are essential 
for their survival. Furthermore, the resistance against 
chemotherapy has been spreading for many years and for 
that reason chemotherapy must predicate on specific targets 
[9, 10]. 

Some purine derivatives (Fig. 1) such as 2′,3′-
dideoxyinosine (ddI) [11] were shown to be active against T. 
gondii in vitro and in a toxoplasmic encephalitis model in 
mice as well as formycin B [12], active against C. parvum in 
vitro. A number of quinazolines such as lapatinib, a tyrosine 
kinase and DHFR inhibitor, exhibit excellent parasitic 
efficacy. These results provide a guideline for the study of 
other derivatives. The bioisosterism studies between the 
structure of quinazoline and thienopyrimidine derivatives 
have shown that replacement of the aromatic ring with thio-
phene heterocycle leads to an increase in antiparasitic activ-
ity. A number of thieno[2,3-d]pyrimidines having TK, 
DHFR and PKC inhibitory activity have been reported in the 
literature [13].  

Trichinella spiralis secretes, among others, protein 
kinases and phosphatases, endonucleases, and DNA-binding 

proteins, which are all thought to interfere with the host cel-
lular signals for muscle cell differentiation [14-17]. PKC 
(protein kinase C) is an important family of serine/threonine 
protein kinase isoenzymes that contribute to many different 
cellular and tissue functions such as transmission of cell pro-
liferation signals, apoptosis and angiogenesis. PKC is acti-
vated in response to multiple signals, such as Vascular Endo-
thelial Growth Factor (VEGF) [18]. Thieno[2,3-d]pyrimidine 
derivatives having protein kinase inhibitory activity as the 
selective inhibitor of the aPKC isoenzymes CRT0066854 
have been reported in the literature [19]. That suggests the 
manifestation of antiparasitic activity by inhibiting the acti-
vation of VEGF, thus preventing the induction of angiogene-
sis and feeding the parasitic capsule.  

Considering this structural bioisosterism to purine and 
quinazoline derivatives it can be assumed that thieno[2,3-
d]pyrimidin-4-ones also could possess antiparasitic or anti-
helminthic activity. On the basis of the above mentioned 
facts, we were motivated to design and synthesize some 
thieno[2,3-d]pyrimidin-4-ones in order to study their anti-
helminthic activity against nematode parasite Trichinella 
spiralis. 

2. EXPERIMENTAL 

2.1. Materials and Methods 

Melting points (mp) were determined on an 
Electrothermal AZ 9000 3MK4 apparatus and are 
uncorrected. IR spectra were recorded on a Bruker 
spectrometer as potassium bromide disks. 1H-NMR spectra 
were recorded on a Bruker Avance II+ 250 MHz and a 
Bruker Avance II+ 600 MHz NMR instrument. Chemical 
shifts were expressed relative to Tetramethylsilane (TMS) 
and were reported as δ (ppm). The coupling constants are 
given in Hz. The measurements were carried out at ambient 
temperature (300 K). Thin Layer Chromatography (TLC, Rf 
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Fig. (1). Bioisosterism between pyrimidine derivatives. 
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values) was performed on silica gel plates (Merck, 0.2 mm 
thick).  

2.2. Chemistry 

The ethyl 2-amino-4,5,6,7-tetrahydrobenzo[b]thiophene-
3-carboxylate 1 was synthesized according to the earlier pub-
lished methods by Gewald [20]. 

2.2.1. General Procedure for the Synthesis of thieno[2,3-
d]pyrimidin-4-ones 2-14 

Compound 1 (0.0094 mol) and the appropriate cyano de-
rivative R-CN (0.018 mol) were dissolved in 10 ml dioxane 
in a round-bottom flask. Dry hydrogen chloride gas was 
passed through the solution for 6 h. This reaction mixture 
was allowed to stay 12 h at room temperature. It was then 
poured into a beaker containing crushed ice and 10% 
NH4OH was added to pH~8. The precipitate was filtered, 
washed many times with water and dried. 

2.2.2. 2-Benzyl-5,6,7,8-tetrahydrothieno[2,3-d]pyrimidin-
4(3H)-one (2) 

Yield - 73%; Mp. 259-260°C (lit. 265-268°C [21]), white 
crystals, recrystallized from ethanol; IR (KBr) ν(cm-1): 3157 
(NH), 2921 (CH), 1656 (Amide I); 1H NMR (CDCl3) 
δ(ppm): 1.74-1.87 (m, 4H, 2CH2), 2.72 (t, J = 6.1 Hz, 2H, 
CH2), 2.95 (t, J = 6.1 Hz, 2H, CH2), 3.97 (s, 2H, CH2), 7.21 
(d, J = 7.4 Hz, 1H, Ar-H), 7.25 (t, J = 7.4 Hz, 2H, Ar-H), 
7.34 (d, J = 7.3 Hz, 2H, Ar-H), 11.26 (s, 1H, NH, exchange-
able with D2O). Analysis: C17H16N2OS, C, 68.89; H, 5.44; N, 
9.45; O, 5.40; S, 10.82; Found: C, 68.91; H, 5.42; N, 9.47; 
O, 5.43; S, 10.80. 

2.2.3. Ethyl 2-(4-oxo-5,6,7,8-tetrahydrothieno[2,3-d]pyrimi-
din-2-yl)acetate (3) 

Yield - 57%. Mp. 180-182°C (lit. 184-186°C [22]), white 
crystals, recrystallized from ethanol; IR (KBr) ν(cm-1):  
3080  (NH), 2840, 2860 (CH), 1750 (C=O), 1680 (Amide I), 
1440, 1370 (defCH), 1080 (C-O); 1H NMR (DMSO)  
δ( ppm): 1.16 (bt, 3H, CH3), 1.72 (s, 4H, CH2), 2.55 (bt, 4H, 
2CH2), 2.80 (bt, 4H, 2CH2), 3.67 (s, 2H, CH2CO), 4.08  
(m, 2H, 2OC2H5), 12.36 (s, 1H, NH, exchangeable with 
D2O). Analysis: Calc. for: C14H16N2O3S: C, 57.52; H, 5.52; 
N, 9.58; O, 16.42; S, 10.97; Found: C, 57.54; H, 5.51; N, 
9.60; O, 16.44; S, 10.95. 

2.2.4. 2-(Pyridin-3-yl)-5,6,7,8-tetrahydrothieno[2,3-d]pyri-
midin-4(3H)-one (4) 

Yield - 74% Mp. 289-290°C (lit. 302-305°C [3]), white 
crystals, recrystallized from dioxane; IR (KBr) ν(cm-1): 3114 
(NH), 2937 (CH), 1647 (Amide I); 1H NMR (CDCl3) δ( 
ppm): 1.73-1.86 (m, 4H, 2CH2), 2.76 (t, J = 5.9 Hz, 2H, 
CH2), 2.90 (t, J = 5.9 Hz, 2H, CH2), 7.56 (dd, J = 8.0, 4.8 
Hz, 1H, ArH), 8.40-8.44 (m, 1H, ArH), 8.72 (dd, J = 4.8, 1.5 
Hz, 1H, ArH), 9.20 (d, J = 1.9 Hz, 1H, ArH), 12.72 (s, 1H, 
NH, exchangeable with D2O). Analysis: calc. for 
C15H13N3OS:  C, 63.58; H, 4.62; N, 14.83; O, 5.65; S, 11.32; 
Found: C, 63.55; H, 4.64; N, 14.85; O, 5.62; S, 11.30. 

2.2.5. 2-(Morpholinomethyl)-5,6,7,8-tetrahydrothieno[2,3-
d]pyrimidin-4(3H)-one (5) 

Yield: 57%; Mp. 220-222°C, white crystals, recrystal-
lized from ethyl acetate; IR (KBr) ν(cm-1): 3159 (NH), 2946 
(CH), 1655 (Amide I), 1449 (defCH), 1115 (C–O); 1H NMR 
(CDCl3) δ( ppm): 1.74-1.84 (m, 4H, 2CH2), 2.47–2.55 (m, 
4H, CH2), 2.70 (dd, J = 8.3, 3.9 Hz, 2H, CH2), 2.94 (dd,  
J = 8.3, 4.0 Hz, 2H, CH2), 3.48 (s, 2H, CH2), 3.66–3.76 (m, 
4H, CH2), 9.87 (s, 1H, NH, exchangeable with D2O). Analy-
sis: calc. for C15H19N3O2S; C, 58.99; H, 6.27; N, 13.76; O, 
10.48; S, 10.50; Found: C, 58.02; H, 6.25; N, 13.74; O, 
10.50; S, 10.47. 

2.2.6. 2-(3,4,5-Trimethoxyphenyl)-5,6,7,8-tetrahydrothieno 
[2,3-d]pyrimidin-4(3H)-one (6) 

Yield - 66%, Mp. 273-275°C, white crystals, recrystal-
lized with ethanol [23]; IR (KBr) ν(cm-1): 3179, 3122 (NH), 
2935 (CH), 1655 (Amide I), 1125 (C–O); 1H NMR (CDCl3) 
δ(ppm): 1.87–1.73 (m, 4H, 2CH2), 2.73 (t, J = 6.0 Hz, 2H, 
CH2), 2.90 (t, J = 5.2 Hz, 2H, CH2), 3.86 (s, 3H, OCH3), 3.92 
(s, 6H, 2OCH3), 7.27 (s, 2H, ArH), 11.42 (s, 1H, NH, ex-
changeable with D2O); Analysis: Calc. for C19H20N2O4S, C, 
61.27; H, 5.41; N, 7.52; O, 17.18; S, 8.61; Found: C, 61.25; 
H, 5.43; N, 7.54; O, 17.16; S, 8.64. 

2.2.7. 2-(Pyridin-4-yl)-5,6,7,8-tetrahydrothieno[2,3-d]pyri-
midin-4(3H)-one (7) 

Yield - 93% Mp. 318-320°C yellow crystals, recrystal-
lized from dioxane, (lit. 311-314°C [3]); IR (KBr) ν(cm-1): 
3403, 3299 (NH), 2937 (CH), 1652 (Amide I); 1H NMR 
(TFA/CH3COOH) δ(ppm): 1.80–1.91 (m, 4H, 2CH2), 2.84 (t, 
J = 5.8 Hz, 2H, CH2), 3.00 (t, J = 5.8 Hz, 2H, CH2), 8.78 (d, 
J = 6.0 Hz, 2H, ArH), 9.04 (d, J = 6.1 Hz, 2H, ArH), 11.84 
(s, 1H, NH, exchangeable with D2O). Analysis: calc. for 
C15H13N3OS: C, 63.58; H, 4.62; N, 14.83; O, 5.65; S, 11.32; 
Found: C, 63.55; H, 4.64; N, 14.85; O, 5.62; S, 11.33. 

2.2.8. (2-(Pyridin-2-yl)-5,6,7,8-tetrahydrothieno[2,3-d]pyri-
midin-4(3H)-one (8) 

Yield - 70%; Mp. 195-197°C, yellow crystals, recrystal-
lized from dioxane (lit. 196-200°C [3]); IR (KBr) ν(cm-1): 
3308 (NH), 2936 (CH), 1676 (Amide I); 1H NMR (CDCl3) 
δ(ppm): 1.85-1.96 (m, 4H, 2CH2), 2.81–2.87 (m, 2H, CH2), 
3.07–3.12 (m, 2H, CH2), 7.47 (ddd, J = 7.5, 4.8, 1.1 Hz, 1H, 
ArH), 7.90 (td, J = 7.7, 1.7 Hz, 1H, ArH), 8.46 (dt, J = 8.0, 
1.0 Hz, 1H, ArH), 8.67 (ddd, J = 4.8, 1.6, 0.9 Hz, 1H, ArH), 
10.88 (s, 1H, NH, exchangeable with D2O). Analysis: calc. 
for C15H13N3OS: C, 63.58; H, 4.62; N, 14.83; O, 5.65; S, 
11.32; Found: C, 63.60; H, 4.64; N, 14.80; O, 5.62; S, 11.35. 

2.2.9. 2-(2-Chloroethyl)-5,6,7,8-tetrahydrobenzo[4,5]thieno 
[2,3-d]pyrimidin-4(3H)-one (9) 

Yield - 85%; Mp. 221–222 °C, white crystals, recrystal-
lized from i-BuOH, (lit. 300–302°C [24]); IR (KBr) ν(cm-1): 
3304, 3250 (NH), 2940, 2867 (CH), 1666 (Amide I);  
1H NMR (DMSO) δ(ppm): 1.83–1.71 (m, 4H, 2CH2), 2.72  
(t, J = 6.0 Hz, 2H, CH2), 2.85 (t, J = 6.1 Hz, 2H, CH2), 3.08 
(t, J = 6.6 Hz, 2H, CH2), 3.99 (t, J = 6.6 Hz, 2H, CH2), 12.35 
(s, 1H, NH, exchangeable with D2O). Analysis: Calc. for 
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C11H11ClN2OS: C, 51.86; H, 4.35; Cl, 13.92; N, 11.00; O, 
6.28; S, 12.59. 

2.2.10. 2-Methyl-5,6,7,8-tetrahydrothieno[2,3-d]pyrimidin-
4(3H)-one (10) 

Yield - 92%; Mp. 306-309°C (lit. 302-305°C [25]); IR 
(KBr) ν(cm-1): 3155 (NH), 2922, 2865, 2839 (CH), 1662 
(Amide I); 1H NMR (DMSO) δ(ppm): 1.85 (m, 4H, 2CH2), 
2.33 (s, 3H, CH3), 2.66 (t, 2H, CH2), 2.83 (t,  2H,  CH2), 
12.23 (bs, 1H, NH, exchangeable with D2O); Calc. for 
C11H12N2OS: C, 59.97; H, 5.49; N, 12.72; O, 7.26; S, 14.56; 
Found: C, 59.94; H, 5.51; N, 12.70; O, 7.23; S, 14.58. 

2.2.11. 2-Ethyl-5,6,7,8-tetrahydrothieno[2,3-d]pyrimidin-
4(3H)-one (11) 

Yield - 47%; Mp. 260-262°C, white crystals, recrystal-
lized from i-PrOH (lit. 263-265°C [26]); IR (KBr) ν(cm-1): 
3405, 3298  (NH), 2936, 2840 (CH), 1662 (Amide I); 1H 
NMR (CDCl3) δ(ppm): 1.41 (t, J = 7.6 Hz, 3H, CH3), 1.84–
1.94 (m, 4H, 2CH2), 2.74–2.85 (m, 4H, 2CH2), 3.03 (t, J = 
6.0 Hz, 2H, CH2), 12.17 (s, 1H, NH, exchangeable with 
D2O); Calc. for C12H14N2OS: C, 61.51; H, 6.02; N, 11.96; O, 
6.83; S, 13.68; Found: C, 61.54; H, 6.05; N, 11.93; O, 6.80; 
S, 13.64. 

2.2.12. 2-(4-Nitrobenzyl)-5,6,7,8-tetrahydrothieno[2,3-d]py-
rimidin-4(3H)-one (12) 

Yield - 64%; Mp. 195-197°C, white crystals, recrystal-
lized from i-BuOH; IR (KBr) ν(cm-1): 3408, 3200 (NH), 
2942, 2877, 2834 (CH), 1655 (Amide I), 1520, 1346 (N-O); 
1H NMR (DMSO) δ(ppm): 1.66-1.85 (m, 4H, 2CH2), 2.70 
(d, J = 6.1 Hz, 2H, CH2), 2.84 (d, J = 6.1 Hz, 2H, CH2), 4.09 
(s, 2H, CH2), 7.59 (d, J = 8.8 Hz, 2H, ArH), 8.15–8.23 (m, 
2H, ArH), 12.55 (s, 1H, NH, exchangeable with D2O).   

2.2.13. 2-(3-Chlorobenzyl)-5,6,7,8-tetrahydrothieno[2,3-
d]pyrimidin-4(3H)-one (13) 

Yield - 93%; Mp. 294–297°C, white crystals, no further 
purification was needed; IR (KBr) ν(cm-1): 3005 (NH),  
2927, 2861 (CH), 1657 (Amide I); 1H NMR (DMSO) 
δ(ppm): 1.68-1.82 (m, 4H, 2CH2), 2.70 (d, J = 6.1 Hz, 2H, 
CH2), 2.84 (t, J = 6.1 Hz, 2H, CH2), 3.93 (s, 2H, CH2), 7.28 
(d, J = 7.4 Hz, 1H, ArH), 7.33 (ddd, J = 11.0, 8.3, 4.8 Hz, 
2H, ArH), 7.41 (s, 1H, ArH), 12.47 (s, 1H, NH, exchangeable 
with D2O).  

2.2.14. 2-(3-(Trifluoromethyl)phenyl)-5,6,7,8-tetrahydrothi-
eno[2,3-d]pyrimidin-4(3H)-one (14) 

Yield - 88%, Mp. 319-320°C, yellow crystals; no further 
purification was needed; IR (KBr) ν(cm-1): 3403 (NH), 3107 
(ArH), 2987, 2942 (CH), 1657 (Amide I); 1H NMR (DMSO) 
δ(ppm): 1.80 (dt, J = 9.1, 5.0 Hz, 4H, 2CH2), 2.78 (t, J = 6.0 Hz, 
2H, CH2), 2.92 (t, J = 6.0 Hz, 2H, CH2), 7.77 (t, J = 7.9 Hz, 
1H, ArH), 7.94 (d, J = 7.8 Hz, 1H, ArH), 8.43 (d, J = 7.9 Hz, 
1H, ArH), 8.48 (s, 1H, ArH), 12.78 (s, 1H, NH, exchangeable 
with D2O). Analysis: Calc. for C17H13F3N2OS, C, 58.28; H, 
3.74; F, 16.27; N, 8.00; O, 4.57; S, 9.15; Found: C, 58.31; H, 
3.72; F, 16.29; N, 8.02; O, 4.54; S, 9.17. 

2.2.15. Synthesis of 5,6,7,8-tetrahydrothieno[2,3-
d]pyrimidin-4(3H)-one (15)  

A mixture of compound 1 (0.01 mol) and formamide (10 
mL) was refluxed for 3h. The reaction mixture was allowed 
to stay overnight at room temperature. The solid product was 
filtered and washed with water. Yield - 90%, Mp. 257–
258°C, white solid, recrystallized with ethanol (lit. 259–
261°C [25]); IR (KBr) ν(cm-1): 3156 (NH), 2938, 2857, 2815 
(CH), 1658 (Amide I); 1H NMR (DMSO) δ(ppm): 1.70−1.83 
(m, 4H, 2CH2), 2.73 (t, J = 6.1 Hz, 2H, CH2), 2.86 (dd, J = 
8.3, 4.0 Hz, 2H, CH2), 7.99 (s, 1H, N=CH), 12.67 (s, 1H, 
NH, exchangeable with D2O). 

2.3. Pharmacology 

The parasitological study in vitro was carried out as de-
scribed in [27-30]. For the screening, encapsulated infective 
larvae of Trichinella spiralis were used, 100 specimens per 1 
mL physiological solution, released in advance from the 
muscle capsules by digestion with acid pepsin solution. The 
compounds were dissolved in DMSO with concentration of 
100 µg/mL and 250 µg/mL. The samples were incubated in 
‘‘humid’’ chamber with thermostat at 37°С. The response of 
Trichinella spiralis was observed after 24 h and 48 h, respec-
tively by means of electronic microscope MBC-9.  

3. RESULTS AND DISCUSSION 

The synthesis of the studied compounds was performed 
as outlined in Scheme 1.  

The physico-chemical properties of the synthesized 2-
aminothiophene-3-carboxylate 1 corresponded to the data 
already published by Gewald [20].  

The target compounds 2-14 were prepared by one-pot 
synthesis carried out as a cyclocondensation between 2-
aminothiophene-3-carboxylate 1 and appropriate alkyl or 
aryl nitrile in the presence of dry dioxane by passing hydro-
gen chloride gas through the solution. This procedure led to 
the synthesis of 2-substituted thieno[2,3-d]pyrimidin-4-ones 
2-14. A different synthetic approach was used for the prepa-
ration of derivative compound 15 using the reaction proce-
dure described in [25]. 

The 2-substituted-thieno[2,3-d]pyrimidin-4(3H)-ones 2-
15 were obtained in good yields and seven of them were 
investigated for their cytotoxicity against encapsulated larvae 
of Trichinella spiralis. 

The pharmacological test was performed with com-
pounds 2, 4-8 and 15, dissolved in DMSO. It was found as it 
can be seen from the data given in Table 1 that the tested 
compounds revealed different antihelminthic effects, ex-
pressed in suppressing the locomotor activity of T. spiralis 
larvae and loss of their spiral form, which is a sign of non-
viability. In the control samples, both in physiological solu-
tion and in DMSO, practically all T. spiralis larvae were in 
spiral form, i.e., vital. Statistical significant differences in the 
level of larvae in both control and experimental groups were 
determined (p ≤ 0.05). 

The in vitro results obtained from the test showed that the 
most effective against Trichinella larvae is compound 2. Its 
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efficacy at concentration of 100 µg/mL and 250 µg/mL after 
24 hours and after 48 hours reaches 97.94% and 100%, 
respectively. Compound 15 shows efficacy of 97.50 % after 
48 hours at a concentration of 250 µg/mL. Furthermore, 
compounds 4 and 8 exhibit significant increase in the inhibi-
tory effect at higher concentrations after 24 and 48 hours. 

The data from the in vitro analysis showed that com-
pounds 2, 8 and 15 exhibit a higher activity than the refer-
ence drugs albendazole and ivermectin in the 24-hour incu-
bation of samples at concentrations of 0.37, 0.35 and 0.48 
µM resp. 0.92, 0.88 and 1.2 µM. Moderate efficacy was 
shown by thienopyrimidine 5 (59.90 %) and 6 (51.80 %) at a 
concentration of 0.33 and 0.27 µM relative to the reference 
drugs. 

The observed antihelminthic effects of compounds 2, 4-8 
and 15 show that introduction of benzyl substituent in the 
thieno[2,3-d]pyrimidin-4-one core is very beneficial to 
achieve high efficacy, while the presence of fragments con-
taining more than one N- or O-atoms, as in compounds 5 and 

6, leads to moderate effects. Furthermore, on comparing the 
effects of compounds 4, 7 and 8 it could be concluded that 
the presence of pyridin-4-yl substituent ensures higher activ-
ity than the presence of pyridin-3-yl or pyridin-2-yl frag-
ment. The fact that all the tested thieno[2,3-d]pyrimidin-4-
ones showed antihelminthic effects is a good evidence that 
the design of thienopyrimidines as purine and quinazolines 
bioisosters is a successful strategy for the development of 
new antiparasitic drugs.    

The pharmacokinetic properties of the investigated 
thieno[2,3-d]pyrimidin-4-ones 2-15 have an essential role for 
the pharmacological potential in vivo i.e. sufficient bioavail-
ability and transport across the membranes - to the binding 
site of the desired receptor as well as an optimal metabolism 
profile and elimination. The molecular properties such as 
lipophilicity, molecular size, flexibility and the presence of 
donors and proton acceptors can provide useful information 
in this connection (Table 2). All reported data are computed 
using the Molinspiration software program [31]. 
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Scheme 1. One-pot synthesis of thieno[2,3-d]pyrimidin-4(3H)-ones. 
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Most of the antiparasitic drugs can reach their "targets" 
by oral administration (via the blood stream and/or the gas-
trointestinal tract) or by diffusion [32]. The Topological Polar 
Surface (TPSA) is a good indicator of the intestinal absorp-
tion of biologically active substances, with better bioavail-
ability occurring at TPSA ≤ 140 Å2 [33]. This parameter is 
used to calculate the percentage of absorption (% ABS) us-
ing the following equation (1): 

%ABS = 109-0.345×TPSA  (1) [34, 35] 

From the structure-activity relationship (SAR) data pre-
sented in Table 1, it is obvious that all tested compounds 2, 
4-8 and 15 meet the requirements of the Lipinski’s rule [36] 
(Table 2). Moreover, all compounds have values of TPSA lower 
than 140 Å2. The calculated intestinal absorption of thieno 

[2,3-d]pyrimidines 2, 4-8 and 15 varies from 88.77% to 
93.22% and it is higher than %ABS of albendazole (85.88%). 

The pharmacological activity of benzimidazoles, includ-
ing albendazole, is based on their affinity for specific 
receptors located within the target parasite: Beta-tubulin, 
acetylcholine channels and glutamate-closed chloride 
channels, respectively. The pharmacokinetic behavior of the 
antihelminthic drug includes the duration of drug absorption, 
tissue distribution, metabolism and excretion, which 
determines the concentration of the antihelminthic drug. 
Furthermore, the anthelminthics must reach their specific 
receptor in the target parasite to exercise their action. 
Therefore, entry of the drug into the parasite is critical for 
the anthelmintic efficacy. On the other side, it was observed 
that the higher partition coefficient (logP) for antiparasitic 
agents (relative to albendazole) corresponds to a higher ac-

Table 1. In vitro activity against parasite larvae of Trichinella spiralisa. 

Efficacy (%)b 

After 24h 
Efficacy (%)b 

After 48h 
Comp. 

100 
µg/mL 

250 
µg/mL 

100 
µg/mL 

250 
µg/mL 

Concentrations 100 
(250) µg/mL in µM 

2 97.93 97.94 97.98 100.00 0.37 (0.92) 

4 35.90 81.90 60.00 95.65 0.35 (0.88) 

5 59.90 58.29 75.21 69.03 0.33 (0.82) 

6 51.83 54.05 64.29 81.16 0.27 (0.67) 

7 19.73 38.46 31.90 69.38 0.35 (0.88) 

8 64.75 86.56 73.77 93.47 0.35 (0.88) 

15 63.00 95.42 67.37 97.50 0.48 (1.20) 

Albendazole 10.70 13.30 c 15.10 17.40 c 0.75 

Ivermectin 48.60 54.30 c 78.60 88.20c 0.23 

a Control – 96 parasites 
b p < 0.05. 
c Efficacy (%) at 200 µg/mL 

 
Table 2. Calculated molecular properties of the tested compounds: Partition coefficient (logP), Molecular Weight (MW) [g/mol], 

Topologic Polar Surface Area (TPSA) [Å2], molecular volume (Vol) [Å3], sum of O and N H-bond acceptors (NHA), sum of 
OH and NH H-bond donors (NHD) and absorption (%ABS) [%]. 

Comp. LogP MW TPSA Vol NHA NHD %ABS 

2 3.99 296.4 45.75 263.1 3 1 93.22 

4 2.96 283.4 58.65 242.2 4 1 88.77 

5 1.67 305.4 58.23 305.4 5 1 88.91 

6 3.67 372.5 73.46 323.0 6 1 83.66 

7 2.75 283.4 58.65 242.2 4 1 88.77 

8 2.89 283.4 58.65 242.2 4 1 88.77 

15 1.92 206.3 45.75 174.9 3 1 93.22 

Albendazole 2.75 265.3 67.02 234.1 5 2 85.88 
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tivity. It was suggested that increased lipophilicity contrib-
utes to higher ability of biomechanical penetration [37]. 
Similar dependence is also observed for thienopyrimidines 2, 
4-8 and 15, where increasing of logP and reduction of the 
number of H-bond acceptor groups (NHAD) lead to higher 
antiparasitic activity (Fig. 2). Considering the structural 
similarity between the synthesized compounds and the tyro-
sine kinase inhibitor, CRT 0064854, it can be assumed that 
the thienopyrimidine derivatives 7 and 8 exert their activity 
by inhibiting the secreted tyrosine kinases. 

It was observed that compound 15 having the lowest logP 
value showed high antihelminthic activity. This was also 
observed with some albendazole derivatives, where those 
with the lowest logP (1.7) exhibited higher antiparasitic ac-
tivity than albendazole against T. spirallis [38]. 

In order to obtain enough serum nutrients, the parasite 
increases its permeability to erythrocytes and a large set of 
small molecules through the aquaporins in the cell mem-
brane [32, 39]. These changes in permeability are due to 
Plasmodial Surface Anion Channel (PSAC) [39].  

Due to the fact that compound 15 has a low molecular 
volume (Vol) and logP, it can be supposed that the activity 
of the compound is due to a penetration through the ion 
channels of the parasitic cells, which explains the deviation 
of 15 from the rendered SAR model. 

CONCLUSION 

In summary, the in vitro screening for anthelminthic ef-
fect showed that thienopyrimidin-4-one derivatives exhibit 
higher anthelminthic effect than albendazole against Trichi-
nella spiralis. Compounds 2, 4-8 and 15 demonstrated higher 
absorption %ABS than albendazole. Thienopyrimidine 2 
showed higher activity than ivermectin which is expressed as 
100% non-viability of Trichinella larvae at dose of 0.92 µM 
after 48 h. 

The SAR analysis showed that partition coefficient 
(logP) is essential for parasite drug penetration due to diffu-

sion through the cell membrane. The activity increases as the 
molecule becomes more lipophilic. Some active compounds, 
such as thienopyrimidine 15, probably penetrate through the 
ion channels of the parasitic cells due to their small molecu-
lar size. 

The results of the in vitro screening for antiparasitic ac-
tivity confirm the hypothesis that as bioisosters of the quina-
zolines, the thienopyrimidines exhibit an anti-trichinellosis 
activity. 
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