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Synthesis and evaluation of 
thieno[2,3-d]pyrimidin-4(3H)-ones 
as potential antitubercular agents  
Hanumant B. Boratea,*, Ritesh A. Annadatea, Sandip 
S. Vagha, Mahesh M. Pisala, Sagar B. Deokatea , 
Manisha A. Arkile,b Nandadeep J. Jadhavb, Laxman 
U. Nawale,b Dhiman Sarkarb 

A number of thieno[2,3-d]pyrimidin-4(3H)-ones were designed, 

synthesized and screened against Mycobacteria as a part of our 

program to develop new antitubercular agents. It was observed that 

some of the compounds have significant antimycobacterial activity 

against Mycobacterium tuberculosis H37Ra (ATCC 25177) and 

Mycobacterium bovis BCG (ATCC 35743). The active compounds 

were studied for cytotoxicity against four cell lines and were found 

to be non-cytotoxic. The results showed that the compounds 13b and 

29e were found to exhibit very good antimycobacterial activity (MIC 

in the range of 6-8 µM) and the thienopyrimidinones as a class have 

potential to be developed as antitubercular agents. 

1. Introduction 

Tuberculosis (TB) is a major global health problem and as per 

the global tuberculosis report 20141 which includes data compiled 

from 202 countries and territories, in 2013, an estimated 9.0 million 

people developed TB and 1.5 million died from the disease. 

Occurrence of multidrug resistant tuberculosis (MDR-TB) is 

complicating the situation further as globally, 3.5% of new and 
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20.5% of previously treated TB cases were estimated to have had 

MDR-TB in 2013. These facts indicate that development of new TB 

drugs is of great importance. In addition, the emergence of 

extensively drug-resistant TB (XDR-TB) also makes the efforts in 

this direction necessary as on average, an estimated 9.0% of patients 

with MDR-TB had extensively drug resistant TB (XDR-TB). 

However, the number of new drugs approved for TB treatment is 

negligible and on December 28, 2012 the U.S. Food and Drug 

Administration (FDA) approved bedaquiline (1) (Figure 1) as part of 

combination therapy in adults to treat pulmonary multi-drug resistant 

tuberculosis, the first new treatment in 40 years. Subsequently, 

delamanid (2) received conditional approval by European Medicines 

Agency (EMA) for the treatment of MDR-TB in November 2013.  

The search for new scaffolds is necessary to overcome the problem 

of limited choice of current TB drugs. The research in this direction 

has resulted in a few hits e.g. 32, 43, 54,5, 66 and 77  (Figure 2).  

We wished to explore the potential of thienopyrimidinones as 

antitubercular agents. Substituted thienopyrimidinones exhibit 

various biological activities as well as constitute the part of the 

molecular skeleton of a number of biologically active compounds 

but their potential as antitubercular agents is rarely explored8. The 

substituted thieno[2,3-d]pyrimidin-4(3H)-ones 10 can be easily 

prepared from substituted 2-aminothiophene-3-carboxylates 9 which 

in turn are prepared in one step by Gewald synthesis9,10 from easily 

available aldehydes or ketones 8 as starting materials (Scheme 1). 

The thieno[2,3-d]pyrimidin-4(3H)-ones of type 10 can be 

functionalized at various positions and thus provide an opportunity 

to have a number of compounds available for biological activity 

screening. A focused library of thienopyrimidinones was designed, 

synthesized and screened against mycobacteria11. Encouragingly, 

some of the molecules exhibited significant antimycobacterial 

activity therefore the work was continued further and the results are 

reported herein.  

2. Results and discussion  

2.1 Chemistry 

 

    The substituted 2-aminothiophene-3-carboxylates and thieno[2,3-

d]pyrimidin-4(3H)-ones 10 were prepared as reported in our earlier 

work12,13,14. A number of variously substituted thieno[2,3-

d]pyrimidin-4(3H)-ones with general structures 11 to 23 were 

obtained from thieno[2,3-d]pyrimidin-4(3H)-ones 10 by reaction 

with the corresponding halides in DMF or acetonitrile in the 

presence of potassium carbonate, and further functional group 

transformations, as shown in Scheme 1. The structures of these 

compounds were confirmed by spectral methods14. Further 

functional group conversions provided the compounds with various 

other substituents.  

The utility of thieno[2,3-d]pyrimidin-4(3H)-ones 10 was further 

explored to obtain various bromides, azides, triazoles, alcohols and 

aldehydes as exemplified in the Scheme 2. The scheme also shows 

the flexibility and potential to get a large number of compounds for 

the biological activity study. 
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The efforts were continued further (Scheme 3) wherein  

thieno[2,3-d]pyrimidin-4(3H)-ones 10 were reacted with propargyl 

bromide to obtain the acetylenic compounds 32 which were 

subjected to Click reaction with azides 29 or 30 to get the triazoles 

33 or 34. 

 

 

 

Efforts to prepare the dimeric compounds 35 by reaction of the 

bromides 24 with thienopyrimidinones 10 or dibromoethane with 

excess thienopyrimidinones 10 afforded the desired compounds 35 

as major products and the compounds 36 as minor products (Scheme 

4). The reactions of bromides 24 or 25 with potassium phthalimide 

afforded corresponding compounds 37 or 38. 

2.2 Biological evaluation 

2.2.1 Antimycobacterial activity 

All the synthesized compounds were screened for their in vitro 

activity against M. tuberculosis H37Ra (MTB) (ATCC 25177) and 

M. bovis BCG (BCG) (ATCC 35743) using two fold dilution 

technique, in order to determine the actual minimum inhibitory 

concentration (MIC). Activity against MTB was determined through 

the XTT reduction menadione assay (XRMA) reading absorbance at 

470 nm as per the protocol described by Singh et al.15 Briefly, 

compound solution (2.5 µl) was added in a total volume of 250 µl of 

M. pheli medium consisting of the MTB, BCG; sealed with plate 

sealers and allowed to incubate for 8 days (active stage) and 12 days 

(dormant stage) at 37 0C. The XRMA was then carried out to 

estimate viable cells present in different wells of the assay plate. To 

all wells, 200 µM XTT was added and incubated at 37 0C for another 

20 min. It was followed by addition of 60 µM of Menadione and 

incubated at 37 0C for 40 min. The optical density was measured 

using a microplate reader (Spectramaxplus 384 plate reader, 

Molecular Devices Inc.) at 470 nm filter against a blank prepared 

from well free of cells. Absorbance obtained from cells treated with 

1% DMSO alone was considered as 100% cell growth. The nitrate 

reductase (NR) assay was performed to estimate inhibition of M. 

bovis BCG by compounds16. Briefly, in NR assay, 80 µl of culture 

from incubated 96 wells plate was taken into another 96 wells plate, 

then 80 µl of 1% sulfanilic acid in 20% of conc. HCl was added, 

incubated for 10 min at room temperature and then 80 µl of 0.1 % N-

(1-Naphthyl)ethylenediamine dihydrochloride  solution in distilled 

water was added. Finally, absorbance for the NR assay was 

measured at 540 nm. 

In vitro activity against MTB and M. bovis BCG at active (8 

days) and dormant (12 days) stages was performed using the XRMA 

and NR assay, respectively, as described above. Percentage 

inhibition was calculated using the following formula: 

% inhibition = [(control–CMP) / (control–blank)] x 100  
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Scheme 3. Reagents and conditions : a. Propargyl bromide, K2CO3, DMF, RT; b. Thienopyrimidinone 29, t-
BuOH, water, CuSO4.5H2O, sodium ascorbate, RT; b. Thienopyrimidinone 30, t-BuOH, water, CuSO4.5H2O, 
sodium ascorbate, RT.
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32e: R1=H, R2=Pent
32f: R1=H, R2=Hept
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33a: R1=R4=H, R2=Et, R3=Me
33b : R1=R4=H, R2=Pr, R3=Hex
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Scheme 2. Reagents and conditions: a. BrCH2CH2Br, K2CO3, dry DMF, RT; b. BrCH2CH2CH2Br, K2CO3, 
dry DMF, RT; c. K2CO3, DMF, RT; d. NaN3, DMF, 80oC; e. Propargyl alcohol, t-BuOH, water, CuSO4.5H2O, 
sodium ascorbate, RT; f. IBX, DMSO, RT, 3 h; g.BrCH2CH2OH, K2CO3, dry DMF, RT, 8 h; h. IBX, EtOAc, 
reflux, 6h.
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where ‘control’ is the activity of mycobacteria without compounds, 

‘CMP’ is the activity of mycobacteria in the presence of compounds 

and ‘blank’ is the activity of the culture medium without 

mycobacteria. 

2.2.2 Cytotoxicity: 

To check the selectivity, selected thienopyrimidinones were 

assayed for their cytotoxic effects in four different cell lines THP-1, 

MCF-7, A549 and HCT 116 using MTT assay17,18,19  (Table 2). The 

cell lines were maintained under standard cell culture conditions 

under 5% CO2 at 37°C in 95% air humidified environment. Each 

concentration was tested in duplicates in a single experiment. GI50 

values were calculated using OriginPro Software17,18,20. 

 

2.2.3 Selectivity Index:  

The selectivity index (SI) was calculated by dividing the 50% 

growth inhibition concentration (GI50) for cell lines (THP-1, A549, 

MCF-7 and HCT 116) by the MIC for in vitro activity against 

active/dormant MTB and BCG21. 

2.2.4 Results of antimycobacterial activity  

All the newly synthesized compounds were screened for their in 

vitro activity against Mycobateria by using M. tuberculosis H37Ra 

(MTB) and M. bovis BCG (BCG) species and the detailed results are 

given in supplementary data.  In the primary screening, 12 

compounds (11g, 11m, 13b, 14a, 14b, 14c, 24g, 24h, 25d, 26c, 29d 

and 29e) were found to be active against both the species (Table 1) 

which were selected for further dose response screening14.  

Compounds 13b and 29e showed very promising activity against 

active MTB, with MIC90 2.51 µg/mL (8.68 µM) and 2.07 µg/mL 

(6.5 µM)    respectively. Compounds 24h, 26c and 29d showed 

MIC90 values in the range of 3 to 8 µg/mL while remaining 

compounds showed MIC90 values in the range of 10-50 µg/mL. 

Similarly, activity was observed against M. bovis BCG also. 

Compounds 24g, 29e, 13b, 14b, 14c and 24h showed MIC < 3 

µg/mL while compounds 11m, 11g, 29d  and 25d showed MIC < 10 

µg/mL.  

 

  

Table no 1. Antimycobacterial activity data for various 

thienopyrimidinones 

Comp 
no 

M. 
tuberculosis 

H37 Ra  
(Active 
Stage) 

M. 
tuberculosis 

H37 Ra  
(Dormant 

Stage) 

M. bovis 
BCG 

(Active 
Stage) 

M. bovis 
BCG 

(Dormant 
Stage) 

MIC90 
(µg/mL) 

MIC90 
(µg/mL) 

MIC90 
(µg/mL) 

MIC90 
(µg/mL) 

11g 44.13 43.76 10.09 20.76 
 

11m 42.89 36.32 8.51 9.82 

13b 2.51 5.20 1.89 3.02 

14a 38.32 >50 4.95 8.07 

14b 45.86 42.70 1.37 2.34 

14c 49.31 49.13 1.52 2.01 

24g 24.58 35.21 2.29 3.35 

24h 3.50 6.31 2.42 1.40 

25d 17.51 18.49 6.30 9.37 

26c 6.70 15.02 21.43 23.42 

29d 8.42 11.54 4.08 4.51 

29e 2.07 8.33 1.30 2.26 

RIF 0.51 0.75 0.45 0.81 
 

RIF indicates Rifampicin, MIC90 indicates minimum  
inhibitory concentration for 90% (or greater) inhibition 
(µg/mL).
 

 2.2.5 Results of Cytotoxicity and Selectivity Index:  

All the synthesized compounds were further evaluated against 

four human cancer cell lines (MCF-7, A549, THP-1 and HCT116) to 

check the toxicity of these compounds (Table no 2)14.  The GI50 (> 

100 µg/mL) values of the compounds 13b and 29e indicate that the 

compounds are potent and specific inhibitors against MTB. The 

compounds 11m, 24g, 24h, 25d and 29d were found to be most 

active antiproliferative compounds with IC50 in the range of 14.70 - 
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45.44 μg/mL against MCF7, A549 and HCT 116 cell lines. The 

compound 29d showed highest cytotoxicity (GI50 14.70 µg/mL) 

against A549.  GI90 studies also indicated that the compound 29d 

had highest cytotoxicity (GI90 74.66 µg/mL) against A54914.   

The selectivity of selected thienopyrimidinones towards human 

cell lines against MTB is described in terms of the selectivity index 

(Table 3). The selectivity index reflects the concentration of the 

compound at which it is active against mycobacteria but is not toxic 

towards host cells. A higher selectivity index indicates that the 

compound can be used as a therapeutic agent. The compounds 13b 

(SI: >40) and 29e (SI: >45) showed very high SI index, which are 

actually good inhibitors of M. tuberculosis and M. bovis BCG. 

Although the selectivity index of rifampicin is very high, it is 

important to consider the significance of this study with respect to 

the developing resistance among microorganisms against available 

antibiotics. MDR and XDR mycobacterial strains have been reported 

Table No 2. Cytotoxicity profile of selected compounds 
 against four human cancer cell lines  

Com
p no  

In vitro cytotoxicity of selected thienopyrimidinone 
compounds 

MCF-7 
(Breast) 

A549 
(Lung) 

HCT 116 
(Colon) 

THP-1 
(Leukemia

) 

GI50 
(µg/mL) 

GI50 
(µg/mL) 

GI50 
(µg/mL) 

GI50 
(µg/mL) 

11g >100 >100 >100 >100 

11m 33.80 27.36 >100 >100 

13b >100 >100 >100 >100 

14a >100 >100 >100 >100 

14b 24.83 >100 17.64 >100 

14c >100 >100 >100 >100 

24g 20.52 35.08 >100 >100 

24h 26.12 45.44 42.41 >100 

25d 19.68 34.15 >100 >100 

26c >100 >100 >100 >100 

29d >100 16.17 14.7 >100 

29e >100 >100 >100 >100 

RIF >100 >100 >100 >100 

Pacli

taxel 
0.0048 0.0035 0.0260 0.1374 

GI50 indicates concentration to inhibit 50% growth of cells. 

 

to exhibit resistance against known anti-TB drugs such as isoniazid, 

rifampicin, ethambutol and pyrazinamide1.  Hence, there is a great 

need to screen new compounds having therapeutic potential and our 

efforts in the present study were directed towards this. According to 

a study of Hartkoorn et al.22 on the drug susceptibility of TB, 

antimycobacterial activity was considered to be specific when the 

selectivity index was >10. In the current study, both 13b and 29e 

exhibited selectivity index of >40 indicating their potential as 

antitubercular agents.  

 2.2.6. Structure-activity relationship 

The preliminary studies reported herein indicate that the 

compounds with thienopyrimidinone structural unit have potential to 

be studied further and to be developed as antitubercular agents. 

Some of the conclusions drawn from the structures of the 

compounds studied in the present work and antitubercular activity 

exhibited14 are as follows:  

 The compounds with longer alkyl chain at 6 position of 

thieno[2,3-d]pyrimidin-4(3H)-one were observed to exhibit better 

antitubercular activity than the corresponding compounds with 

shorter alkyl chain at 6 position and same functional groups at 3 

position e.g. the antitubercular activity was observed in the order of 

29c < 29d < 29e. Similarly 13a was observed to be less active than 

13b. The compounds with general structures 24 and 25 with 2-

bromoethyl and 3-bromopropyl side chains respectively at 3 position 

and alkyl chains at 6 position exhibited similar trend in activity with 

24a < 24e < 24f < 24g and 25a < 25c < 25d.  

The compounds 11a-m in the present work, having alkyl chains both 

at 3 and 6 positions of thienopyrimidinone unit, did not exhibit 

antitubercular activity. Also, the compounds having benzyl group at 

3 position of thienopyrimidinone and 2-6 carbon alkyl chain at 

position 6 (compounds 12a-e) did not exhibit antitubercular activity. 

Compounds 14a-c with cyclopropylmethyl group at position 3 and 

pentyl, hexyl or heptyl chain at position 6 of thienopyrimidinone 

exhibited moderate antitubercular activity. Compounds having 

propargylic side chain at position 3 of thienopyrimidinone moiety 

and alkyl chain ranging from methyl to heptyl at position 6, with 

general structure 32, did not exhibit antitubercular activity. A  

detailed study with more number of compounds would be necessary 

to refine the structure-activity relationship conclusions drawn from 

the present preliminary results.  
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Table No 3. Selectivity index (SI) of selected thienopyrimidinones on human cell lines 
against Mycobacterium tuberculosis H37Ra and M. bovis BCG 

 

Comp 

no 

SI on MCF-7 SI on A549 SI on HCT 116 SI on THP-1 

Against 

H37Ra 

Against 

BCG 

Against 

H37Ra 

Against 

BCG 

Against 

H37Ra 

Against 

BCG 

Against 

H37Ra 

Against 

BCG 

Active stage of Mycobacterium tuberculosis H37Ra and M. bovis BCG 

11g 2 10 2 10 2 10 2 10 

11m 1 4 1 3 2 12 2 12 

13b 40 53 40 53 40 53 40 53 

14a 3 20 3 20 3 20 3 20 

14b 1 18 2 73 0 13 2 73 

14c 2 66 2 66 2 66 2 66 

24g 1 9 1 15 4 44 4 44 

24h 7 11 13 19 12 18 29 41 

25d 1 3 2 5 6 16 6 16 

26c 15 5 15 5 15 5 15 5 

29d 12 25 2 4 2 4 12 25 

29e 48 77 48 77 48 77 48 77 

RIF 196 222 196 222 196 222 196 222 

 

3. Experimental 

General experimental procedures and spectral data for all 

compounds prepared for antimycobacterial activity testing described 

in this article and detailed screening results are given in the 

supplementary data. The spectral data for active compounds are 

given below. 

 

3.1. Spectral data for active compounds  

 

3.1.1. 6-Ethyl-3-pentylthieno[2,3-d]pyrimidin-4(3H)-one (11g) 

1H NMR (200MHz, CDCl3): δ 0.91 (t, J = 7Hz, 3H), 1.28-1.44 (m, 

7H), 1.68-1.82 (m, 2H), 2.88 (q, J = 7 Hz, 2H), 3.99 (t, J = 7 Hz, 2 

H), 7.17 (s, 1 H), 7.92 (s, 1H). 13C NMR (50 MHz, CDCl3):  δ 13.80,  

15.21,  22.17,  23.91,  28.61,  29.17,  46.80,  117.44,  124.77, 

145.62, 145.87,  157.22,  162.24. IR (CHCl3): 1672 cm-1. HRMS 

(ESI) m/z calculated for [C13H18ON2S + H]: 251.1213, found: 

251.1210; [C13H18ON2S + Na]: 273.1032 found: 273.1027. Melting 

Point: 740C. 

3.1.2. 6-Pentyl-3-propylthieno[2,3-d]pyrimidin-4(3H)-one (11m) 

1H NMR (200 MHz, CDCl3): δ 0.90 (t, J = 7Hz , 3H), 1.00 (t, J = 

7Hz, 3H), 1.27-1.47 (m, 4H), 1.62-1.94 (m, 4H), 2.84 (t, J =8Hz, 

2H), 3.98 (t, J =7Hz, 2H), 7.16 (s, 1H), 8.01 (s, 1H). 13C NMR (100 

MHz, CDCl3): δ 10.93,  13.83,  22.20,  22.67,  30.44,  30.60, 30.94,  

48.28,  118.08,  124.67,  144.44, 145.57,  157.13,  162.11. IR 

(CHCl3): 1672 cm-1. HRMS (ESI) m/z calculated for [C14H20ON2S + 

H]: 265.1369, found: 265.1367; [C14H20ON2S + Na]: 287.1189 

found: 287.1185. Melting Point: 1410C.  

3.1.3. 2-(6-Heptyl-4-oxothieno[2,3-d]pyrimidin-3(4H)-

yl)acetonitrile (13b) 

1H NMR (200 MHz, CDCl3): δ 0.89 (t, J =7Hz, 3H), 1.23-1.49 (m, 

8H), 1.63-1.78 (m, 2H), 2.86 (t, J=8Hz, 2H), 4.91 (s, 2H), 7.19 (s, 

1H), 8.04 (s, 1H). 13C NMR (50 MHz, CDCl3) δ: 13.95,  22.48,  

28.79 (2C),  30.51,  30.91,  31.57,  33.47,  113.82,  118.03,  124.09, 

143.64,  146.23,  155.93,  162.25. IR (CHCl3): 1686, 2358 cm-1. 

HRMS (ESI) m/z calculated for [C15H19ON3S + H]: 290.1322, 
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found: 290.1318; [C15H19ON3S + Na]: 312.1141, found: 312.1136. 

Melting Point: 860C. 

3.1.4. 3-(Cyclopropylmethyl)-6-pentylthieno[2,3-d]pyrimidin-

4(3H)-one (14a) 

1H NMR (200 MHz, CDCl3): δ  0.32-0.48 (m, 2H), 0.55-0.70 (m, 

2H), 0.88 (t, J =7Hz, 3H), 1.17-1.44 (m, 5H), 1.63-1.75  (m, 2H), 

2.82 (t, J =7Hz, 2H), 3.86 (d, J =7Hz , 2H), 7.14 (s, 1H), 7.99 (s, 

1H). 13C NMR (50 MHz, CDCl3)  δ: 4.03 (2C),  10.88,  13.83,  

22.22,  30.45,  30.60,  30.95,  50.80,  118.14,  124.66, 144.39,  

145.26,  157.31,  162.28. IR (CHCl3): 1671 cm-1. HRMS (ESI) m/z 

calculated for [C15H20ON2S + H]: 277.1369, found: 277.1369; 

[C15H20ON2S + Na]: 299.1189, found: 299.1186. Melting Point: 

730C. 

3.1.5. 3-(Cyclopropylmethyl)-6-hexylthieno[2,3-d]pyrimidin-

4(3H)-one (14b) 

1H NMR (200 MHz, CDCl3): δ 0.36-0.48 (m, 2H), 0.60-0.72 (m, 

2H), 0.89 (t, J =7Hz, 3H), 1.17-1.45 (m, 7H), 1.62-1.77 (m, 2H), 

2.84 (t, J =7Hz, 2H), 3.88 (d, J =7Hz , 2H), 7.16 (s, 1H), 8.00 (s, 

1H). 13C NMR (125 MHz, CDCl3):  δ  4.14 (2C),  10.98,  14.03,  

22.51,  28.59,  30.62,  31.01,  31.46,  50.93,  118.26, 124.80,  

144.56,  145.31,  157.45,  162.39. IR (CHCl3): 1683 cm-1. HRMS 

(ESI) m/z calculated for [C16H22ON2S + H]: 291.1526, found: 

291.1519; [C16H22ON2S + Na]: 313.1345 found: 313.1336. Melting 

Point: 490C. 

3.1.6. 3-(Cyclopropylmethyl)-6-heptylthieno[2,3-d]pyrimidin-

4(3H)-one (14c) 

1H NMR (200 MHz, CDCl3): δ  0.35-0.48 (m, 2H), 0.58-0.69 (m, 

2H), 0.87 (t, J =7Hz, 3H), 1.14-1.47 (m, 9H), 1.68-1.76 (m, 2H), 

2.83 (t, J =7Hz, 2H), 3.86 (d, J =7Hz , 2H), 7.15 (s, 1H), 8.00 (s, 

1H). 13C NMR (50 MHz, CDCl3):  δ  4.07 (2C),  10.91, 13.98,  

22.52,  28.80,  28.86,  30.53,  30.97,  31.62,  50.84, 118.18,  124.71,  

144.45,  145.27,  157.35,  162.32. IR (CHCl3): 1678 cm-1. HRMS 

(ESI) m/z calculated for [C17H24ON2S + H]: 305.1682, found: 

305.1683; [C17H24ON2S + Na]: 327.1502 found: 327.1500. Melting 

Point: 570C. 

3.1.7. 3-(2-Bromoethyl)-6-decylthieno[2,3-d]pyrimidin-4(3H)-one 

(24g) 

1H NMR (200 MHz, CDCl3): δ 0.88 (t, J =7Hz, 3H), 1.19-1.45 (m, 

14H), 1.72 (t, J =7Hz, 2H), 2.85 (t, J = 8Hz, 2H), 3.77 (t, J =6Hz, 

2H), 4.38 (t, J = 6Hz, 2H), 7.16 (s, 1H), 7.99 (s, 1H). 13C NMR (50 

MHz, CDCl3)  δ: 14.07,  22.63,  28.91,  29.25(2C),  29.46,  29.52,  

29.76,  30.60,  31.02,  31.84, 48.73,  118.03,  124.53,  145.08,  

145.66,  157.02,  162.75. IR (CHCl3): 1676 cm-1. HRMS (ESI) m/z 

calculated for [C18H27ON2S79Br + H]: 399.1100, found: 399.1102; 

[C18H27ON2S79Br + Na]: 421.0920, found: 421.0920. Melting Point: 

730C. 

3.1.8. 3-(2-Bromoethyl)-6-(non-8-enyl)thieno[2,3-d]pyrimidin-

4(3H)-one (24h) 

1H NMR (400 MHz, CDCl3): δ 1.23-1.49 (m, 8H), 1.65-1.83 (m, 

2H), 1.97-2.09 (m, 2H), 2.84 (t, J =8Hz, 2H), 3.76 (t, J =6Hz, 2H), 

4.38 (t, J =6Hz, 2H), 4.90-5.07 (m, 2H), 5.73-5.90 (m, 1H), 7.15 (s, 

1H), 7.99 (s, 1H). 13C NMR (100 MHz, CDCl3)  δ 28.80,  28.83,  

28.90,  29.07,  29.76,  30.58,  30.98,  33.70,  48.74,  114.19,  118.05,  

124.53,  139.05,  145.03,  145.67,  157.02,  162.75. IR (CHCl3):  

1674 cm-1. HRMS (ESI) m/z calculated for C17H23ON2
79BrS + H]: 

383.0787, found: 383.0786; [C17H23ON2
79BrS + Na]: 405.0607, 

found: 405.0605. Melting Point: 1500C. 

3.1.9. 3-(3-Bromopropyl)-6-heptylthieno[2,3-d]pyrimidin-4(3H)-

one (25d) 

1H NMR (200 MHz, CDCl3): δ 0.87 (t, J =7Hz, 3H), 1.18-1.40 (m, 

8H), 1.58-1.80 (m, 2H), 2.25-2.49  (m, 2H), 2.82 (t, J =7Hz, 2H), 

3.41 (t, J =6Hz, 2H), 4.17 (t, J =6Hz, 2H), 7.12 (s, 1H), 8.00 (s, 1H). 
13C NMR (50 MHz, CDCl3): δ  13.93,  22.46,  28.74,  28.79,  29.78,  

30.47,  30.90,  31.06,  31.55,  45.19,  117.92, 124.59,  144.82, 

145.53,  157.13,  162.36. IR (CHCl3): 1670 cm-1. HRMS (ESI) m/z 

calculated for [C16H23ON2
79BrS + H]: 371.0787, found: 371.0785; 

[C16H23ON2
79BrS + Na]: 393.0607, found: 393.0605. Melting Point: 

750C. 

3.1.10. 6-Decyl-3-(2-hydroxyethyl)thieno[2,3-d]pyrimidin-4(3H)-

one (26c) 

1H NMR (200 MHz, CDCl3): δ 0.88 (t, J =7Hz, 3H), 1.18-1.43 (m, 

14H), 1.62-1.78 (m, 2H),  2.82 (t, J = 8Hz, 2H), 2.97(t, J =5Hz, 1H), 

3.97 (q, J = 5Hz, 2H), 4.16 (t, J =5Hz, 2H), 7.08 (s, 1H), 7.99 (s, 

1H). 13C NMR (100 MHz, CDCl3): δ  14.08,  22.65,  28.96,  

29.27(2C),  29.49,  29.54,  30.61,  31.03,  31.85,  49.42, 60.70,  

117.91,  124.48,  144.92,  146.31,  157.78,  162.56. IR (CHCl3): 

1675, 3408(bs) cm-1. HRMS (ESI) m/z calculated for [C18H28O2N2S 

+ H]: 337.1944, found: 337.1937; [C18H28O2N2S + Na]: 359.1764 

found:  359.1756. Melting Point: 620C. 
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3.1.11. 3-(2-Azidoethyl)-6-hexylthieno[2,3-d]pyrimidin-4(3H)-one 

(29d) 

1H NMR (200 MHz, CDCl3): δ  0.88 (t, J =7Hz, 3H), 1.22-1.45 (m, 

6H), 1.65-1.76 (m, 2H), 2.84 (t, J =7Hz, 2H), 3.76 (t, J =6Hz, 2H), 

4.12 (t, J =6Hz, 2H), 7.14 (s, 1H), 7.94 (s, 1H). 13C NMR (100 MHz, 

CDCl3)  δ: 13.99,  22.47,  28.55,  30.58,  30.96,  31.42,  46.15,  

49.46,  118.01,  124.50, 145.06,  145.71,  157.11,  162.67. IR 

(CHCl3): 1674, 2106 cm-1. HRMS (ESI) m/z calculated for 

[C14H19ON5S + H]: 306.1383, found: 306.1378; [C14H19ON5S + Na]: 

328.1203 found: 328.1197. Melting Point: 500C. 

3.1.12. 3-(2-Azidoethyl)-6-heptylthieno[2,3-d]pyrimidin-4(3H)-

one (29e) 

1H NMR (200 MHz, CDCl3): δ 0.88 (t, J=7Hz, 3H), 1.19-1.45 (m, 

8H), 1.62-1.82 (m, 2H), 2.84 (t, J=7Hz, 2H), 3.76 (t, J =5Hz, 2H),  

4.12 (t, J=6Hz, 2H), 7.15 (s,1H), 7.94 (s, 1H). 13C NMR (50 MHz, 

CDCl3)  δ: 13.94,  22.49,  28.79,  28.83, 30.52,  30.94,  31.58,  

46.09,  49.43,  117.95,  124.47,  144.99,  145.70,  157.02,  162.55. 

IR (CHCl3): 1676, 2122 cm-1. HRMS (ESI) m/z calculated for 

[C15H21ON5S + H]: 320.1540, found: 320.1537; [C15H21ON5S + Na]: 

342.1359 found: 342.1354. Melting Point: 500C. 

4. Conclusions 

In conclusion, thienopyrimidinones with varying structural 

features were synthesized for evaluation of antimycobacterial 

activity. From our initial screening studies, it was found that the 

thienopyrimidinones 11g, 11m, 13b, 14a, 14b, 14c, 24g, 24h, 25d, 

26c, 29d and 29e exhibited significant activity against 

Mycobacterium tuberculosis H37Ra and Mycobacterium bovis BCG. 

The compounds 13b and 29e exhibited greater efficiency in terms of 

mycobacterial inhibition, specificity and selectivity. Moreover, both 

the compounds showed satisfactory biocompatibility against human 

cancer cell lines. These compounds are good candidates for further 

activity-guided fractionation in the search for new active therapeutic 

compounds. Our studies point to the possibility of accessing more 

active compounds based on present encouraging findings as the 

compounds described in the present work have various functional 

groups for further structural modifications.  

Acknowledgements 

We thank CSIR, New Delhi for financial support (OSDD 

program, Project no HCP0001) and Dr. C. V. Ramana for fruitful 

discussions.  

Notes and References 

1. World Health Organization Global tuberculosis report 2014 ISBN 

978 92 4 156480 9. 
2.  Boechat, N.; Ferreira, V. F.; Ferreira, S. B.; Ferreira, M. L. G.; 

Silva, F. C.; Bastos, M. M.; Costa, M. S.;  Lourenco, M. C. S.; 

Pinto, A. C.;  Krettli, A. U.; Aguiar, A. C.; Teixeira, B. M.; Silva, 

N. V.; Martins, P. R. C.; Bezerra, F. A. F. M. ; Camilo, A. L. S. ; 

Silva, G. P.; Costa, C. C. P.  J. Med. Chem. 2011, 54, 5988.  
3. Zhou, B.; He, Y.; Zhang, X.; Xu, J.; Luo, Y.; Wang, Y.; 

Franzblau, S. G.; Yang, Z.; Chan, R. J.; Liu, Y.;  Zheng,  J.; 

Zhang, Z.-Y. Proc. Natl. Acad. Sc. USA 2010, 107, 4573. 
4. Nören-Müller, A.; Rêis-Correa Jr., I.; Prinz, H.; Rosenbaum, C.; 

Saxena, K.; Schwalbe, H. J.; Vestweber, D.; Cagna, G.; Schunk, 

S.; Schwarz, O.; Schiewe, H.; Waldmann, H. Proc. Natl. Acad. 

Sci. U.S.A. 2006, 103, 10606.  
5. Correa Jr., I. R.; Nören-Müller, A.; Ambrosi, H.-D.; Jakupovic, 

S.; Saxena, K.; Schwalbe, H.; Kaiser, M.; Waldmann, H. Chem.-

Asian. J. 2007, 2, 1109. 
6. Grundner, C.; Perrin, D.; van Huijsduijnen, R. H.; Swinnen, D.; 

Gonzalez, J.; Gee, C. L.; Wells, T. N.; Alber, T. Structure 2007, 

15, 499.  
7. Vintonyak, V. V.; Warburg, K.; Over, B.; Hübel, K.; Rauh, D.; 

Waldmann, H. Tetrahedron 2011, 67, 6713.  
8. Ananthan, S.; Faaleolea, E. R.; Goldman, R. C.; Hobrath, J. V.; 

Kwong, C. D.; Laughon, B. E.; Maddry, J. A.; Mehta, A.; 

Rasmussen, L.; Reynolds, R. C.; Secrist III, J. A.; Shindo, N.; 

Showe, D. N.; Sosa, M. I.; Suling, W.  J.; White, E. L. 

Tuberculosis 2009, 89, 334.  
9. Gewald, K.; Chem. Ber. 1965, 98, 3571. 
10.   Gewald, K.; Scmnke, E. J.; Bottcher, H. Chem. Ber. 1966, 99, 

94.  
11. Borate, H. B.; Annadate, R. A.; Deokate, S. B.  Provisional Indian 

Patent Filed 0279/DEL/2014 dt Jan 30, 2014.  
12. Borate, H. B.; Sawargave, S. P.; Maujan, S. R.; Chandavarkar, M. 

A.; Vaiude, S. R.; Joshi, V. A. US Patent  8,236,840 B2, 2012. 
13.  Borate, H. B.; Maujan, S. R.; Sawargave, S. P.; Chandavarkar, M. 

A.; Joshi, S. V.; Vaiude, S. R. US Patent 8,324,227 B2, 2012.  
14. Experimental details for synthesis and spectral data for 

compounds prepared and biological activity screening in the 

present work are given as supplementary information. 

Page 8 of 9MedChemComm

M
ed

C
he

m
C

om
m

A
cc

ep
te

d
M

an
us

cr
ip

t



Journal Name  ARTICLE 

This journal is © The Royal Society of Chemistry 20xx J. Name., 2013, 00, 1-3 | 9  

Please do not adjust margins 

Please do not adjust margins 

15.  a) Singh, U.; Akhtar, S.; Mishra, A.; Sarkar, D. J. Microbiol. 

Methods 2011, 84, 202; b) Khan A, Sarkar S, Sarkar D. Int. J. 

Antimicrob. Agents 2008, 32, 40. 
16. a) Khan, A.; Sarkar, D. J. Microbiol. Methods 2008, 73, 62; b) 

Sarkar S, Sarkar D. J. Biomol. Screen. 2012, 17(7), 966. 
17. Mosmann, T. J. Immunol. Methods 1983, 65, 55. 
18.  Ciapetti, G.; Cenni, E.; Pratelli, L.; Pizzoferrato, A. Biomaterials 

1993, 14, 359. 

19.  Alley, M. C.; Scudiere, D. A.; Monks, A.; Hursey, M. L.; 

Czerwinski, M. J.; Fine, D. L.; Abbott, B. J.; Mayo, J. G.; 

Shoemaker, R. H.; Boyd, M. R. Cancer Res. 1988, 48, 589. 
20.  Sreekanth, D.; Syed, A.; Sarkar, S.; Sarkar, D.; Santhakumari, B.; 

Ahmad, A.; Khan. M. I.  J. Microbiol. Biotechnol. 2009, 19, 1342. 
21.  Luo, X.; Pires, D.; Ainsa, J. A.; Gracia, B.; Duarte, N.; Mulhovo, 

S.; Anes, E.; Ferreira, M.-J. U.. Ethnopharmacol. 2013, 146, 417. 
22.  Hartkoorn, R.C.; Chandler, B.; Owen, A.; Ward, S. A.; Bertel 

Squire, S.; Back, D. J.; Khoo, S. H. Tuberculosis 2007, 87, 248. 

  

  

 

 

 

Page 9 of 9 MedChemComm

M
ed

C
he

m
C

om
m

A
cc

ep
te

d
M

an
us

cr
ip

t


