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a b s t r a c t 

TrmD, tRNA-(N 

1 G37) methyltransferase, a member of SpoU-TrmD (SPOUT) RNA methyltransferase family, 

is one of the key enzymes responsible for the growth of Staphylococcus aureus, Pseudomonas aeruginosa, 

Mycobacterium tuberculosis (Mtb) and Mycobacterium abscessus (Mab). A number of TrmD inhibitors in- 

cluding thienopyrimidines and fused thienopyrimidines are reported as potent anti-bacterial and anti- 

mycobacterial agents. In the current study, a library of ~200 structurally diverse thienopyrimidines were 

designed and subjected to preliminary in silico studies. 22 of the compounds were selected, synthesized 

and were evaluated for their inhibitory activities against a panel of pathogens consisting E. coli, S. au- 

reus, K. pneuminiae, A. baumannii and P. aeruginosa and M. tuberculosis (ATCC 27294). Among the tested 

compounds, 13b, 18a-e were found to inhibit M. tuberculosis (ATCC 27294) with the MIC of 16-32 μg/mL. 

The compound 18f was found to be selective against S. aureus with the MIC of 4 μg/mL and moderate 

activity against M. tuberculosis . The selected compounds were further subjected to docking, 3D-QSAR and 

ADME/T studies to understand the mechanism of action and also their physico chemical profile. 

© 2021 Elsevier B.V. All rights reserved. 
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. Introduction 

TrmD, tRNA-(N 

1 G37) methyltransferase, is one of the mem- 

ers in the SpoU-TrmD (SPOUT) RNA methyltransferase family 

hich transfers methyl group from S -adenosyl methionine (SAM) 

o the N 

1 position of guanosine 37 in bacterial tRNA [ 1 , 2 ]. TrmD

as been shown to be crucial for the growth of Staphylococcus 

ureus, Pseudomonas aeruginosa, Mycobacterium tuberculosis (Mtb) 

nd Mycobacterium abscessus (Mab) [ 3 , 4 ]. Hill et al. in 2013 [5] re-

orted the design and synthesis of thienopyrimidinone based 

rmD inhibitors binding to S -Adenosyl-methionine (SAM)-binding 

ocket using fragment-based screening approach ( Fig. 1 . Com- 

ound A ). Whitehouse et al. [6] reported Indole and Pyrazole 

ased compounds B - D ( Fig. 1 ) as potent inhibitors of Mab TrmD.

hong et al. [7] identified compound E from a radioactivity-free, 

ioluminescence-based high throughput screen (HTS) of 116350 
∗ Corresponding authors: 
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ompounds from structurally diverse small-molecule libraries as 

otent inhibitor of Pseudomonas aeruginosa TrmD (Pa TrmD) 

 Fig. 1 ) . 

Thienopyrimidine ring is considered as a bio isostere of quina- 

oline ring. In recent years, thienopyrimidines and fused thienopy- 

imidines have attracted the attention of medicinal chemists 

wing to their promising antimicrobial [8] , antiviral [9] , anti- 

nflammatory [10] , antidiabetic [11] , antioxidant [12] and anxi- 

lytic [13] activities. Hafez et al. [14] reported several hetero- 

yclic substituents directly linked to thienopyrimidine nucleus at 

-2. Further, various thieno [2,3-d] pyrimidines derived from 2- 

hioxothienopyrimidine were prepared as potent anti-HIV and an- 

imicrobial agents ( Fig. 2 . Compound I ). Abbas et al. [15] re-

orted 2,3 and 3,4-disubstituted tetrahydrobenzo[4,5]thieno[2,3- 

]pyrimidines as potent anti-cancer and anti-bacterial agents 

mongst which 3-acridin-3-yl derivatives exhibited notable activity 

gainst the tested bacterial strains ( Fig. 2 . Compound II ). Li et al.

16] reported optimisation of compound III, an antitubercular hit 

ompound against CD117 using chemocentric approach ( Fig. 2 ). 

In the current study, a library of ~200 structurally diverse 

hienopyrimidines were designed as potential inhibitors of TrmD 
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Fig. 1. Reported TrmD inhibitors. 

Fig. 2. Reported thienopyrimidines as anti-bacterial agents. 

Fig. 3. Designed thienopyrimidine derivatives. 
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ig. 3 . Five sets of these thienopyrimidine containing molecules 

ere selected and in-silico studies were performed (supporting in- 

ormation). Three of the series were found to fit well in the bind- 

ng pocket and exhibit the necessary protein-ligand interactions. 

olecular modelling studies helped us to understand the bind- 

ng site and their interactions at the active pocket. Based on these 

tudies and synthetic feasibility, 22 of the selected thienopyrim- 

dines were synthesized Fig. 4 . 
2 
. Results and discussion 

.1. Molecular modelling 

.1.1. Selection of the therapeutic target 

Among the many biological processes, modifications in the 

RNA are critical for the bacterial survival which makes TrmD 

s one of the potential therapeutic targets for the development 
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Fig. 4. Workflow for thienopyrimidine derivatives. 
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f new antibacterial agents. In the current study, we carried out 

tructure-based design of new thienopyrimidine derivatives as po- 

ential TrmD inhibitors. The crystal structures of TrmD from P. 

eruginosa and M. tuberculosis are utilized for this purpose. 

.1.2. Protein structure preparation 

The coordinates for the TrmD receptor were downloaded from 

he RCSB protein data bank (PDB ID: 1UAK). The protein struc- 

ure was processed using the Protein Preparation Wizard (PPW) 

nd its integrity was checked and adjusted by adding the miss- 

ng residues by employing Prime module of Schrödinger suite. The 

ater molecules and all other heteroatoms were removed from 

he protein crystal structure. The H-bond network was optimized 

nd the overlapping hydrogens were fixed under the refine tab 

f PPW. The most likely positions of thiol and hydroxyl hydro- 

en atoms, protonation states and tautomer of various amino acid 

esidues were selected by the procedure captured from the protein 

ssignment (Schrödinger). The pH range was set to 7.0 and the pro- 

ein was minimized by applying OPLS_2005 force field. Finally, re- 

trained minimization was performed until the average root mean 

quare deviation (RMSD) of the non-hydrogen atoms converged to 

.30 o A. 

.2. Ligand preparation 

A total of 204 molecules were constructed on Chemdraw11.0 

ersion and imported to Maestro as SDF format files and optimized 

sing OPLS_2005 force field in LigPrep module of Schrödinger soft- 

are 2017-1. All the possible conformations and ionization states 
3 
ere calculated for ligands at a pH of 7.4 using Ionizer. The tau- 

omeric states were generated for chemical groups with possible 

automerism. 

.3. Molecular docking 

The newly designed molecules were docked against TrmD crys- 

al structure to determine their inhibitory potential. Molecular 

ocking studies were performed by using GLIDE (Grid-based Lig- 

nd Docking with Energetics) docking module of Schrödinger. The 

repared ligands were imported from the Ligprep docked into the 

enerated receptor grid using Glide SP docking precision. The ob- 

ained results suggested the favourable interactions between the 

igands and the protein. Van-der Waals scaling factor and partial 

harge cut-off was selected to be 0.80 and 0.15, respectively for 

igand atoms. The interactions of each complex were interpreted 

nd the 3D poses of the molecular interactions were collected us- 

ng Schrödinger suite 2017-1. 

.4. ADME/T studies 

ADME/T properties of the synthesized compounds were calcu- 

ated using Qikprop program (Qikprop, version 6.5, Schrödinger, 

LC, New York, NY, 2014). ADME/T studies, which help in predict- 

ng both physico-chemical significant descriptors and pharmacoki- 

etically important properties of the molecules. 
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Scheme 1. Synthesis of 5,6,7,8-tetrahydrobenzo[4,5]thieno[2,3-d]pyrimidine sulphonyl esters 9a-h and sulphonamides 13a-h . 

Scheme 2. Synthesis of tert-butyl 4-oxo-3,5,6,8-tetrahydropyrido[4 ′ ,3 ′ :4,5]thieno[2,3-d]pyrimidine-7(4H)-carboxylate derivatives 18a-f . 
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.5. 3D-QSAR studies 

The 3D-QSAR explains the key molecular interactions which are 

equired for the biological activity and serves as a predictive tool. 

onstruction of all the target compounds, structural optimization 

nd 3D-QSAR modelling were performed on maestro software of 

chrödinger. 

.6. Chemistry 

A series of new thienopyrimidine derivatives were synthe- 

ized as described in Schemes 1 and 2 . Cyclohexanone 1 or 

 -Boc-piperidone 13 were reacted with ethylcyanoacetate 2 to 

repare the substituted thiophene intermediates 3 & 14 through 

he Gewald reaction. Further cyclisation with the formamidine 
4 
cetate gave the substituted thienopyrimidine intermediates 4 

nd 15 . These intermediate 4 was treated with thionyl chlo- 

ide and catalytic amount of N, N -dimethylformide to pro- 

ide 4-chloro-5,6,7,8-tetrahydrobenzo [ 4 , 5 ] thieno[2,3-d] pyrimi- 

ine derivative 5 . The chlorinated derivative 5 undergoes nucle- 

philic substitution with p -amino benzoic acid 6 and piperazine 

0 to obtain 2-hydroxy-4-(5,6,7,8-tetrahydrobenzo[4,5]thieno[2,3- 

]pyrimidin-4-yl)amino) benzoic acid 7 and 4-(piperazin-1-yl)- 

,6,7,8-tetrahydrobenzo[4,5]thieno[2,3-d]pyrimidine 11 which were 

reated with different substituted aryl sulphonyl chlorides using 

riethylamine as a base to give the corresponding sulphonyl es- 

ers 9a-h and sulphonamide derivatives 13a-h in good to moder- 

te yields. The intermediate 16 was subjected to N -alkylation with 

ifferent benzyl halides 17a - f to obtain the corresponding products 

8a - f in good to moderate yields. 
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Table 1 

MIC ( μg/mL) values of p -amino salicylic acid/piperazine linked thienopyrimidine derivatives 9a-h, 13a-h & 18a-f. 

Sample Code 

S. aureus ATCC 

29213 

E. coli ATCC 

25922 

K. pneumoniae 

BAA 1705 

A. baumannii 

BAA 1605 

P. aeruginosa 

ATCC 27853 

Mtb H37Rv 

ATCC 27294 cLogP 

9a > 64 > 64 > 64 > 64 > 64 > 64 4.06 

9b > 64 > 64 > 64 > 64 > 64 > 64 4.61 

9c > 64 > 64 > 64 > 64 > 64 > 64 4.59 

9d > 64 > 64 > 64 > 64 > 64 > 64 4.68 

9e > 64 > 64 > 64 > 64 > 64 > 64 5.3 

9f > 64 > 64 > 64 > 64 > 64 > 64 4.37 

9g > 64 > 64 > 64 > 64 > 64 > 64 3.4 

9h > 64 > 64 > 64 > 64 > 64 > 64 4.96 

13a > 64 > 64 > 64 > 64 > 64 > 64 3.27 

13b > 64 > 64 > 64 > 64 > 64 16 3.78 

13c > 64 > 64 > 64 > 64 > 64 > 64 3.76 

13d > 64 > 64 > 64 > 64 > 64 > 64 3.61 

13e > 64 > 64 > 64 > 64 > 64 > 64 3.88 

13f > 64 > 64 > 64 > 64 > 64 > 64 2.53 

13g > 64 > 64 > 64 > 64 > 64 > 64 4.28 

13h > 64 > 64 > 64 > 64 > 64 > 64 4.47 

18a > 64 > 64 > 64 > 64 > 64 16 3.45 

18b > 64 > 64 > 64 > 64 > 64 32 2.71 

18c > 64 > 64 > 64 > 64 > 64 32 4.51 

18d > 64 > 64 > 64 > 64 > 64 16 3.58 

18e > 64 > 64 > 64 > 64 > 64 32 4.1 

18f 4 > 64 > 64 > 64 > 64 32 3.75 
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Table 2 

Cytotoxicity profile against Vero cells and Selectivity Index (SI). 

Sample code MIC ( S. aureus ) ( μg/mL) CC 50 SI 

18f 4 50 > 12.5 
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.7. In-vitro anti-bacterial evaluation 

The newly synthesized thienopyrimidine derivatives were sub- 

ected to antibiotic susceptibility testing against a pathogen panel 

onsisting of E. coli, S. aureus, K. pneuminiae, A. baumannii and P. 

eruginosa . The minimum inhibitory concentrations (MICs) against 

he above pathogen panel were determined by using broth mi- 

rodilution assay. In addition, the synthesized compounds were 

lso evaluated against M. tuberculosis (ATCC 27294). The results are 

abulated in Table 1 . 

The compounds 9a-h derivatives were synthesized with p - 

mino salicylic acid as the linker and by varying different R 1 

roups in the sulphonyl ester moiety. Thus, the compounds 

a with phenyl group, 9b with 4-chloro-phenyl, 9c with 2- 

hlorophenyl, 9d with 4-bromophenyl, 9e with 4- t -butylphenyl, 

f with 4-toluyl, 9g with 4-nitrophenyl and 9h with 2,4- 

ichlorophenyl moieties were synthesized. When tested, the com- 

ounds 9a-h were found to be devoid of inhibitory activity against 

he bacterial pathogen panel and also M. tuberculosis . Next, we 

hanged the linker to piperazine and synthesized different N - 

ulphonamide derivatives 13a-h by changing R 2 . Thus, compounds 

3a with phenyl group, 13b with 2-chloro-phenyl, 13c with 4- 

hlorophenyl, 13d with 4-toulyl, 13e with 4-bromophenyl, 13f 

ith 4-nitrophenyl, 13g with 2,4-dichlorophenyl and 13h with 

-t-butylphenyl moieties were synthesized and tested against 

he bacterial pathogen panel and M. tuberculosis (ATCC 27294). 

mong the tested compounds 13b showed good and specific anti- 

ycobacterial activity with 16 μg/mL. 

Subsequently, we changed the tetrahydrocyclic core with N - 

oc-piperidine and synthesized compounds 18a-f with different R 3 

roups. R 3 groups were varied with various benzyl groups such as 

nsubstituted benzyl 18a , 3-nitro benzyl 18b and 2,6-dichloro ben- 

yl 18c . Compounds 18d and 18e were synthesized with 4-methyl 

henacyl and 2-napthyl phenacyl groups respectively. The com- 

ounds 18a–e were found to possess inhibitory activity against M. 

uberculosis with 16-64 μg/mL. When the R 3 -group was changed to 

ndole thioamide moiety as in 18f, the compound showed selective 

nhibitory activity against S. aureus with an MIC value of 4 μg/mL 

nd possess the moderate inhibitory activity against M. tuberculosis 

ith 32 μg/mL. 
5 
The compound 18f was further subjected to cytotoxicity assay 

gainst Vero cells using MTT assay. The CC 50 (50% cytotoxic con- 

entration) was defined as the reduction of cell viability to 50% by 

ompound. Doxorubicin and Levofloxacin were used as a reference 

tandard and each experiment was performed in triplicate. The cy- 

otoxicity data demonstrates that compound 18f was nontoxic to 

ero cells (CC 50 = 50 μg/mL) and displayed favourable selectivity 

ndex Table 2 . 

Based on the above screening results, we identified compounds 

3b, 18a-e to possess inhibitory activity against M. tuberculosis 

nd compound 18f to possess selective inhibitory activity against 

. aureus . As structurally related molecules are reported to be in- 

ibitors of TrmD, the newly synthesized molecules were subjected 

o various in-silico studies against TrmD to further understand their 

echanism of action. The compounds were subjected to docking, 

D-QSAR and ADME/T studies. 

.8. In-silico studies 

As structurally related molecules are reported to exhibit in- 

ibitory activity against bacterial t-RNA-(N1G37) Methyltransferase 

TrmD), the newly synthesized molecules were docked against bac- 

erial t-RNA-(N1G37) Methyltransferase (TrmD) crystal structure to 

etermine their inhibitory potential. The 3D crystal co-ordinates of 

acterial TrmD were retrieved from the protein data bank (PDB ID: 

UAK). Molecular docking studies were performed for the selected 

io-active molecules ( Fig. 5 ). 

.8.1. Prime MM/GBSA binding energy calculations 

In our studies, we observed that all the active compounds have 

hown greater binding energies compared to the co-crystal bind- 

ng energy, calculated by using MM/GBSA tool. The objective of 

M/GBSA and docking studies is to explain the potential of the 

ynthesized compounds as inhibitors of TrmD. In our studies, we 
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Fig. 5. (a) Protein overview with the binding pose of the molecules (ball and stick representation) and ligand interactions in the binding pocket of TrmD (PDB ID: 1UAK). 

The gold colour lines represent hydrogen bond interactions, the cyan colour lines imply the aromatic hydrogen bond interactions. ( b) Super imposition of 13b, 18a-e and 

18f at the binding pocket of TrmD (PDB ID: 1UAK). ( c) Super imposition of 18f (ball and stick representation - purple colour) at the binding pocket. ( d ) Super imposition of 

co-crystal (ball and stick representation - orange colour) at the binding pocket. 

Table 3 

Binding energy and ligand interactions of docked molecules ( 13b and 18a - f ). 

S. No Ligand id 

Binding Energy 

(Kcal/mol) 

Ligand-Protein interactions 

H-Bond Hydrophobic 

13b -32.72 - Tyr86, Leu87, Pro89, Tyr115, Trp131, Ile133, Tyr136, Val137, Leu138, Pro144 

18a -48.62 - Leu67, Tyr86, Leu87, Pro89, Tyr115, Ile123, Trp131, Ile133, Tyr136, Val137, Leu138, Pro144 

18b -34.99 - Tyr86, Leu87, Pro89, Cys112, Tyr115, Trp131, Tyr136, Val137, Leu138, Pro144 

18c -44.21 - Tyr86, Leu87, Pro89, Cys112, Tyr115, Tyr136, Val137, Leu138, Pro144 

18d -54.82 Gly113 Pro58, Tyr86, Leu87, Pro89, Tyr115, Ile133, Tyr136, Val137, Leu138, Pro144 

18e -57.80 Gly113 Tyr86, Leu87, Pro89, Cys112, Tyr115, Ile123, Trp131, Ile133, Tyr136, Val137, Leu138, Pro144 

18f -47.92 Leu138 Pro58, Tyr86, Leu87, Pro89, Tyr115, Ile118, Trp131, Ile133, Tyr136, Val137, Leu138, Pro144 

Co-crystal -60.88 Leu87, Gln90, Glu116,Ile13,Tyr136 Tyr86, Leu87, Pro89, Tyr115, Trp131, Ile133, Tyr136, Val137, Leu138, Pro144 

o

i

s

r

c

fi

c

h

2

b

p

t

c

a

p

2

b

m

a

s

o

(

fi

l

t

bserved that the synthesized compounds have shown good ligand 

nteractions and binding energies at the binding pocket of TrmD as 

hown in Table 3 . The active molecules displayed binding energies 

anging from -32.72 to -57.80 kcal/mol in comparison to the co- 

rystal binding energy -60.80 kcal/mol. Finally, some of the identi- 

ed ligands confirmed better binding energy compared to the co- 

rystal, suggesting that the synthesized compounds fit well for in- 

ibiting TrmD Table 3 . 

.9. 3D-QSAR studies 

To explore the SARs of thienopyrimidines, the in vitro anti- 

acterial and anti-mycobacterial activity data was selected to ex- 

lains the three-dimensional quantitative structure activity rela- 

ionship (3D-QSAR) models. Following the comprehensive pro- 
6 
edure manual described in the literature, the MIC values of 

ll derivatives against anti-bacterial and anti-mycobacterial were 

icked and transformed to predicted values. 

.9.1. Field and atom-based 3D-QSAR analysis 

The accurate PLS statistics outcomes of the Field and atom- 

ased 3D-QSAR models were disclosed in Table 4 . The experi- 

ental and the predicted activity values of the target compounds 

gainst bacterial and tuberculosis are depicted in Table 5 . The PLS 

tudy elucidates the predictive aptitude and the self-consistence 

f the model in which, the cross-validation correlation coefficient 

q 2 ) and correlation coefficient (r 2 ) are two essential measures to 

gure out the strength of PLS analysis. The cross-validation corre- 

ation coefficient of more than 0.3 will be advised statistically as 

he chance of noticeable correlation being < 95%. The q 2 and r 2 of 
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Table 4 

PLS statistics of Field and Atom based 3D-QSAR models. 

q 2 a r 2 c SE d F e Fraction f 

Steric Electrostatic Hydrophobic H-Donor H-Acceptor 

Field 3D-QSAR 0.176 0.54 14.51 10.7 0.532 0.119 0.193 0.02 0.131 

Atom 3D-QSAR (bacterial) 0.000 0.000 6.65 65.0 - - 0.671 0.007 - 

Atom 3D-QSAR (Tb) 0.134 0.373 16.50 51.0 - - 0.671 0.005 - 

a Cross-validated correlation coefficient. 
b Optimum number of components obtained from cross-validated PLS analysis and same used in final non-cross-validated analysis. 
c Non-cross-validated correlation coefficient. 
d Standard error of estimate. 
e F-test value. f Field contributions. 

Table 5 

Experimental and predicted activity values against S. aureus and H37Rv (MTb) of compounds for Field and Atom-based 3D-QSAR models. 

Entry Activity Field (tb) Atom (Bacterial) Atom (tb) 

S. au- 

reus MIC( μg/mL) 

Mtb, 

H37RvMIC( μg/mL) 

Predicted 

activity 

Prediction 

error 

Predicted 

activity 

Prediction 

error 

Predicted 

activity 

Prediction 

error 

9a > 64 > 64 > 68.785 > 4.785 > 64.145 > -0.145 > 70.193 > 6.193 

9b > 64 > 64 > 69.202 > 5.207 > 63.614 > -0.385 > 70.531 > -6.531 

9c > 64 > 64 > 59.414 > -4.585 > 57.578 > -6.421 > 54.726 > 9.273 

9d > 64 > 64 > 69.241 > 5.241 > 63.889 > -0.110 > 70.563 > -6.563 

9e > 64 > 64 > 66.394 > 2.394 > 55.860 > -8.139 > 66.862 > -2.862 

9f > 64 > 64 > 66.160 > 2.160 > 60.226 > -3.773 > 64.319 > -0.319 

9g > 64 > 64 > 66.215 > 2.215 > 61.725 > -2.274 > 63.659 > 0.340 

9h > 64 > 64 > 59.583 > -4.416 > 57.796 > -6.203 > 54.742 > 9.257 

13a > 64 > 64 > 46.423 > -17.576 > 68.644 > 4.644 > 48.755 > 15.244 

13b > 64 16 46.046 30.046 > 68.682 > 4.682 46.260 > 30.260 

13c > 64 > 64 > 46.715 > -17.284 > 68.397 > 4.397 > 49.737 > -14.262 

13d > 64 > 64 > 47.065 > -16.934 > 68.872 > 4.872 > 49.715 > -14. 

13e > 64 > 64 > 46.800 > -17.199 > 68.359 > 4.359 > 49.769 > -14230 

13f > 64 > 64 > 47.274 > -16.725 > 69.033 > 5.033 > 48.916 > -15.083 

13g > 64 > 64 > 46.188 > -17.811 > 68.976 > 4.976 > 46.824 > -17.175 

13h > 64 > 64 > 48.232 > -15.767 > 68.122 > 4.122 > 48.047 > -15.952 

18a > 64 16 44.059 28.059 > 55.794 > -8.205 51.942 35.942 

18b > 64 32 34.949 2.949 > 49.663 > -14.336 44.876 12.876 

18c > 64 32 32.600 0.600 > 58.185 > -5.814 49.994 17.994 

18d > 64 16 25.069 9.069 > 48.125 > -15.874 31.164 15.164 

18e > 64 32 33.410 1.410 > 48.552 > -15.447 49.351 -14.648 

18f 4 32 32.010 0.010 10.637 6.637 46.225 -14.225 

Fig. 6. Experimental activity vs predicted activity values for the synthesized compounds obtained by using Atom ( Fig. 6 a -Bacterial and Fig. 6 b -tb) Field ( Fig. 6 c -tb) and based 

models. 
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he field-based model against tuberculosis were 0.176 and 0.54 and 

he atom-based model against bacterial q 2 and r 2 were 0.0 0 0, be- 

ause the synthesized compounds did not show positive sign to- 

ards bacterial except 18f so it is difficult to generate the corre- 

ponding q 2 and r 2 values. Atom based model against tuberculosis 

 

2 and r 2 were 0.134 and 0.373 and tabulated in Table 4 . The ideal

um of components used to produce field and atom-based mod- 

ls were in the acceptable range. The Fisher test results of models 

ere found to be 10.7, 128.3 and 51.0 respectively. Furthermore, 
7 
he predicted standard errors of the field and atom-based mod- 

ls were found to be 14.51, 4.885 and 8.363 respectively. The ob- 

ained results suggested that the field and atom-based models con- 

tructed were consistent and supportable modification of the tar- 

et molecules to pick-up the better activity. The detailed PLS data 

ere shown in Table 5 . 

The linear relationship results shown in Fig. 6 between the ac- 

ivity vs predicted activity of the field and atom-based models had 

 worthy linear relationship. Besides, due to structural variations, a 
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Fig. 7. Field-based contour maps of compound 13b, 18a, 18b and 18d (Field steric contours: the green contours indicate the areas that are conducive to steric interaction; 

Field electrostatic contours: the blue contours indicate the regions that are favourable to the positively charged groups, the red contours indicate the regions that are 

favourable to the negatively charged groups; Field hydrophobic contours: the yellow contours represent regions where hydrophobic groups increase activity, while the white 

contours highlight regions that would favour hydrophilic groups; Field hydrogen bond donor and acceptor contours: The magenta and the gray contours represent favourable 

and unfavourable hydrogen bond acceptor regions, respectively.). 

Fig. 8. Atom-based cubic maps of compound 13b, 18a and 18d . (Electron withdrawing contours: the pale red cubes indicate the areas that are conducive to favourable 

electron withdrawing interaction, Atom hydrophobic contours: the blue cubes represent regions where hydrophobic groups increase activity. 
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mall amplitude instability was detected among the predicted ac- 

ivity values. 

.10. Contour analysis 

In order to understand the impact of various fields on the tar- 

et property, by Schrödinger software, Field and Atom contour 

aps were produced to recognise the impression of different fields 

the steric field, electrostatic field, hydrophobic field and hydro- 

en bond donor and acceptor fields) on the activity data of com- 

ounds. StDev ∗Coeff mapping route was used to transform Field 

nd atom-based models into visual results. All contour maps rep- 

esented 80% level contributions for favoured and 20% level con- 

ributions for disfavoured. As indicated in Figs. 7 and Fig. 8 , the 

emplate compounds 13b, 18a, 18b and 18d were chose to disclose 

he 3D-QSAR information of field and atom-based models. These 
8 
esults can support to understand the connection between struc- 

ure and biological activity. 

.11. ADME/T properties 

ADME/T properties of the synthesized compounds were calcu- 

ated using Qikprop program (Qikprop, version 6.5, Schrödinger, 

LC, New York, NY, 2014). As can be seen below, the partition co- 

fficient (QPlogPo/w), hydrogen bond donors (donor HB), hydro- 

en bond acceptors (acceptor HB), molecular weight (mol. Wt.) and 

ercent human oral absorption exhibited satisfactory results. The 

ompounds also followed Lipinski rule of five. ADMET properties 

or Isoniazid and Rifampicin were also calculated and compared 

ith the results of the synthesized compounds. The predicted re- 

ults are shown in Table 6 . 
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Table 6 

ADME/T properties of active molecules. 

Descriptors 

Recommended 

values 13b 18a 18b 18c 18d 18e 18f Levofloxacin Isoniazid Rifampicin 

Molecular 

weight 

130.0–725.0 448.98 397.49 442.48 466.38 439.52 475.56 476.59 361.37 137.141 820.978 

Dipole moment 1.0–12.5 3.09 4.40 3.35 5.48 3.57 2.97 4.47 5.33 3.32 4.33 

Total SASA 300–1000 669.54 699.24 737.81 719.49 773.04 809.35 821.15 587.16 329.909 1018.33 

No. of rotatable 

bonds 

0–15 2 3 4 3 4 4 4 1 2 25 

Donor HB 0.0–6.0 0 0 0 0 0 0 1 0 3 6 

Acceptor HB 2.0–20.0 7.0 6.5 7.5 6.5 8.5 7.0 7.0 7.25 4.5 20.35 

QP 

Polarizability 

13.0–70.0 43.25 44.63 46.46 45.30 47.32 50.81 51.26 36.38 13.80 68.019 

QP logP o/w 2.0–6.5 3.856 4.201 3.412 4.877 3.726 3.807 5.095 -0.39 -0.653 2.893 

QP log BB −3.0 and 1.2 -0.178 -0.425 -1.513 -0.330 -0.898 -0.171 -0.849 -0.42 -0.87 -2.430 

Human Oral 

Absorption 

1–3 3 3 3 1 3 1 1 2 2 1 

Percent Human 

Oral 

Absorption 

> 80% is high 100 100 87.36 100 100 100 93.49 48.823 66.30 33.90 

Rule of Five 

violations 

< 25% is low 0 0 0 0 0 0 1 0 0 3 
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. Conclusion 

In conclusion, a library of 204 structurally diverse thienopy- 

imidines were designed and were subjected to preliminary in 

ilico studies. 22 of the designed compounds were selected and 

ynthesized based on their affinity towards TrmD and synthetic 

easibility. The compounds were tested for their inhibitory ac- 

ivities against a panel of pathogens consisting E. coli, S. aureus, 

. pneuminiae, A. baumannii and P. aeruginosa and M. tuberculo- 

is . Among the tested compounds, 13b, 18a-e were found to in- 

ibit M. tuberculosis (ATCC 27294) with MIC of 16-32 μg/mL. The 

ompound 18f exhibited selective and potent anti-bacterial activ- 

ty with MIC value 4 μg/mL and was found to be nontoxic to Vero 

ells (CC 50 = 50 μg/mL) with a good selectivity index (SI = > 12.5).

urther, 3D-QSAR and ADME/T studies were conducted to under- 

tand the mechanism of action and also physico chemical profile. 

urther exploration of the interesting potential TrmD inhibitors ob- 

ained will pave way for the development of new anti-microbial 

gents. 

. Experimental section 

.1. Materials and methods 

Reactions were monitored by thin layer chromatography (TLC), 

hich was performed on pre-coated TLC plates (Merck, TLC silica 

el 60 F 254 ). Visualization of the spots on TLC plates was achieved 

ither by UV light or by spraying with KMnO 4 or by phospho- 

olybdic acid stain solution or ninhydrin solution and heating 

he plates. All reactions were monitored by employing TLC tech- 

ique using appropriate solvent system for development. All dry 

nd air sensitive reactions were performed under Argon atmo- 

phere with dry, freshly distilled solvents under anhydrous condi- 

ions. Dichloromethane was distilled freshly from P 2 O 5 . THF, diox- 

ne and toluene was distilled over sodium-benzophenone. Yields 

eported are isolated yields of material. Commercial silica gel (200- 

00 mesh particle size, pH = 7) was used, wherever required. 1 H 

MR spectra were recorded on Bruker Avance II 500 MHz instru- 

ent in DMSO or TFA. Chemical shifts are reported with respect 

o tetra methylsilane (Me 4 Si) as the internal standard for 1 H NMR. 

he chemical shifts are expressed in parts per million ( δ) down- 

eld from Me Si. The standard abbreviations s, d, t, q, dd and 
4 

9 
 refer to singlet, doublet, triplet, quartet, double doublet and 

ultiplet respectively. Coupling constant ( J ), whenever discernible, 

ave been reported in Hz. Mass Spectra were recorded on Applied 

iosystem MDS SCIEX model 40 0 0-Q trap mass spectrometry using 

nalyst 1.4.1 software. 

Experimental procedure for the synthesis of p -amino sali- 

ylic acid linked thienopyrimidine derivatives:7, 9a-h: 

To the mixture of cyclohexanone ( 1 ,1 mmol) and ethylcyanoac- 

tate ( 2 , 1 mmol) Sulphur powder (1 mmol) 10 ml of ethanol and

EA (1 mmol) was added and refluxed at 80-85 °C for 10-12 h, af- 

er the completion of reaction intermediate 3 is obtained to which 

.5 mmol of formamidine acetate and 5 ml of DMF was added and 

eated at 100 °C for 12 h to form the intermediate 4. Then, inter- 

ediate 5 was obtained on chlorination of 4 (1 mmol) by thionyl 

hloride to which catalytic DMF was added and refluxed for 2-4 h. 

quimolar amounts of intermediate 5 and p -amino salicylic acid 

 6 ,1 mmol) was taken and was added with 10 ml of 2-proponal

nd refluxed for 10-12 h. On cooling intermediate 7 was obtained 

hich was treated with different arylsulphonylhalides in the pres- 

nce of DIPEA (1 mmol), DCM at room temperature to acquire 9a-h 

erivatives. 

.1.1. 2-hydroxy-4-((5,6,7,8-tetrahydrobenzo[4,5]thieno[2,3- 

]pyrimidin-4-yl)amino)benzoic acid 

7) 

Off-white solid; yield 80 %; mp:160–164 °C; FT-IR (cm −1): 

325, 3062, 1650, 1585, 780, 710; 1 H NMR (500 MHz, DMSO- d 6 ): δ
.38 (s, 1H), 8.39 (s, 1H), 7.99 (s, 1H), 7.21 (dd, J = 10.0, 8.1 Hz, 1H),

.17–7.08 (m, 1H), 7.05 (d, J = 8.0 Hz, 1H), 6.51 (dd, J = 7.9, 1.4 Hz,

H), 3.12 (s, 2H), 2.82 (s, 2H), 1.85 (s, 4H); 13 C NMR (125 MHz, 

MSO- d 6 ): δ 166.2, 158.0, 155.3, 152.5, 140.7, 133.4, 129.5, 127.1, 

17.3, 113.0, 110.9, 109.4, 31.1, 25.8, 25.6, 22.6, 22.5; HRMS (ESI): 

/z calculated for C 17 H 15 N 3 O 3 S 342.1365 found 342.1393 [M + H] + . 

.1.2. 2-((phenylsulfonyl)oxy)-4-((5,6,7,8- 

etrahydrobenzo[4,5]thieno[2,3-d]pyrimidin-4-yl)amino)benzoic acid 

9a) 

Off-white solid; yield 80 %; mp:160–164 °C; FT-IR (cm −1): 

325, 3062, 1650, 1585, 780, 710; 1 H NMR (500 MHz, DMSO- d 6 ): δ
.38 (d, J = 10.6 Hz, 1H), 8.25 (s, 1H), 7.91 (t, J = 15.1 Hz, 2H), 7.83

t, J = 7.4 Hz, 1H), 7.70 (t, J = 7.8 Hz, 2H), 7.63–7.47 (m, 2H), 7.40–

.26 (m, 1H), 6.71 (dd, J = 8.0, 1.7 Hz, 1H), 3.10 (s, 2H), 2.83 (s, 2H),
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.85 (s, 4H); 13 C NMR (125 MHz, DMSO- d 6 ): δ 166.6, 154.7, 152.2, 

49.5, 141.3, 135.4, 135.1, 134.0, 130.3, 130.0, 128.7, 127.0, 120.6, 

17.6, 116.5, 115.1, 25.7, 25.6, 22.6, 22.4; HRMS (ESI): m/z calculated 

or C 23 H 19 N 3 O 5 S 2 4 82.0766 found 4 82.0787 [M + H] + . 

.1.3. 2-(((4-chlorophenyl)sulfonyl)oxy)-4-((5,6,7,8- 

etrahydrobenzo[4,5]thieno[2,3-d]pyrimidin-4-yl)amino)benzoic acid 

9b) 

Off-white solid; yield 80 %; mp:160–164 °C; FT-IR (cm −1): 

325, 3062, 1650, 1585, 780, 710; 1 H NMR (500 MHz, DMSO- d 6 ): 

8.37 (s, 1H), 8.26 (s, 1H), 7.92 (d, J = 8.6 Hz, 2H), 7.78 (d,

 = 8.6 Hz, 2H), 7.56 (d, J = 8.0 Hz, 2H), 7.35 (t, J = 8.0 Hz, 1H),

.79–6.73 (m, 1H), 3.10 (s, 2H), 2.84 (s, 2H), 1.85 (s, 4H); 13 C NMR

125 MHz, DMSO- d 6 ): δ 166.6, 154.7, 152.2, 149.4, 141.3, 140.5, 

34.1, 133.8, 130.7, 130.5, 130.2, 127.0, 120.7, 117.7, 116.6, 115.0, 25.7, 

5.6, 22.6, 22.4; HRMS (ESI): m/z calculated for C 23 H 18 ClN 3 O 5 S 

16.0376 found 516.0398 [M + H] + . 

.1.4. 2-(((2-chlorophenyl)sulfonyl)oxy)-4-((5,6,7,8- 

etrahydrobenzo[4,5]thieno[2,3-d]pyrimidin-4-yl)amino)benzoic acid 

9c) 

Off-white solid; yield 80 %; mp:160–164 °C; FT-IR (cm −1): 

325, 3062, 1650, 1585, 780, 710; 1 H NMR (500 MHz, DMSO- d 6 ): 

8.37 (s, 1H), 8.28 (s, 1H), 7.97 (dd, J = 7.9, 1.6 Hz, 1H), 7.91 (dd,

 = 8.0, 1.1 Hz, 1H), 7.82 (td, J = 7.8, 1.6 Hz, 1H), 7.71 (t, J = 2.2 Hz,

H), 7.58 (td, J = 7.8, 1.2 Hz, 1H), 7.51 (dd, J = 8.2, 2.0 Hz, 1H), 7.35

t, J = 8.2 Hz, 1H), 6.81 (ddd, J = 8.2, 2.4, 0.8 Hz, 1H), 3.10 (s, 2H),

.84 (s, 2H), 1.85 (s, 4H); 13 C NMR (125 MHz, DMSO- d 6 ): δ 166.6,

54.6, 152.2, 149.3, 141.4, 136.9, 134.1, 133.0, 132.9, 132.8, 132.3, 

30.2, 128.7, 127.0, 120.7, 117.7, 116.2, 114.6, 25.7, 25.6, 22.6, 22.4; 

RMS (ESI): m/z calculated for C 23 H 18 ClN 3 O 5 S 2 516.0376 found 

16.0398 [M + H] + . 

.1.5. 2-(((4-bromophenyl)sulfonyl)oxy)-4-((5,6,7,8- 

etrahydrobenzo[4,5]thieno[2,3-d]pyrimidin-4-yl)amino)benzoic acid 

9d) 

Off-white solid; yield 80 %; mp:160–164 °C; FT-IR (cm −1): 

325, 3062, 1650, 1585, 780, 710; 1 H NMR (500 MHz, DMSO- d 6 ): δ
.37 (s, 1H), 8.27 (s, 1H), 7.93 (d, J = 8.6 Hz, 2H), 7.83 (d, J = 8.6 Hz,

H), 7.56 (t, J = 5.2 Hz, 2H), 7.36 (t, J = 8.1 Hz, 1H), 6.76 (dd,

 = 8.1, 1.5 Hz, 1H), 3.11 (s, 2H), 2.84 (s, 2H), 1.86 (s, 4H); 13 C NMR

125 MHz, DMSO- d 6 ): δ 166.6, 154.6, 152.2, 149.4, 141.3, 134.2, 

34.1, 133.5, 130.7, 130.2, 129.8, 127.0, 120.7, 117.7, 116.6, 114.9, 25.7, 

5.6, 22.6, 22.4; HRMS (ESI): m/z calculated for C 23 H 18 BrN 3 O 5 S 2 
61.0028 found 561.0016 [M + 2] + . 

.1.6. 2-(((4-(tert-butyl)phenyl)sulfonyl)oxy)-4-((5,6,7,8- 

etrahydrobenzo[4,5]thieno[2,3-d]pyrimidin-4-yl)amino)benzoic acid 

9e) 

Off-white solid; yield 80 %; mp:160–164 °C; FT-IR (cm −1): 

325, 3062, 1650, 1585, 780, 710; 1 H NMR (500 MHz, DMSO- d 6 ): 

8.37 (s, 1H), 8.26 (s, 1H), 7.83 (d, J = 8.5 Hz, 2H), 7.69 (d,

 = 8.5 Hz, 2H), 7.62–7.47 (m, 2H), 7.34 (t, J = 8.1 Hz, 1H), 6.79–

.71 (m, 1H), 3.10 (s, 2H), 2.83 (s, 2H), 1.85 (s, 4H), 1.27 (s, 8H);
3 C NMR (125 MHz, DMSO- d 6 ): δ 166.6, 158.7, 154.7, 152.2, 149.5, 

41.3, 134.0, 132.2, 130.0, 128.6, 127.1, 127.0, 120.6, 117.6, 116.6, 

15.1, 35.6, 31.0, 25.7, 25.6, 22.6, 22.4; HRMS (ESI): m/z calculated 

or C 27 H 27 N 3 O 5 S 2 538.0681 found 538.0709 [M + H] + . 

.1.7. 4-((5,6,7,8-tetrahydrobenzo[4,5]thieno[2,3-d]pyrimidin-4- 

l)amino)-2-(tosyloxy)benzoic acid 

 9f ) 

Off-white solid; yield 80 %; mp:156–159 °C; FT-IR (cm −1): 

325, 3062, 1650, 1585, 780, 710; 1 H NMR (500 MHz, DMSO- d 6 ): 

8.38 (d, J = 10.6 Hz, 1H), 8.25 (s, 1H), 7.91 (t, J = 15.1 Hz, 2H),

.83 (t, J = 7.4 Hz, 1H), 7.70 (t, J = 7.8 Hz, 2H), 7.63–7.47 (m, 1H),
10 
.40–7.26 (m, 1H), 6.71 (dd, J = 8.0, 1.7 Hz, 1H), 3.45 (s, 3H), 3.10

s, 2H), 2.83 (s, 2H), 1.85 (s, 4H); HRMS (ESI): m/z calculated for 

 24 H 21 N 3 O 5 S 2 4 95.204 8 found 495.2073 [M + H] + . 

.1.8. 2-(((4-nitrophenyl)sulfonyl)oxy)-4-((5,6,7,8- 

etrahydrobenzo[4,5]thieno[2,3-d]pyrimidin-4-yl)amino)benzoic acid 

9g) 

Off-white solid; yield 80 %; mp:160–164 °C; FT-IR (cm −1): 

325, 3062, 1650, 1585, 780, 710; 1 H NMR (500 MHz, DMSO- d 6 ): 

8.52–8.44 (m, 2H), 8.35 (s, 1H), 8.28 (s, 1H), 8.24–8.15 (m, 2H), 

.59 (d, J = 7.9 Hz, 2H), 7.36 (t, J = 8.1 Hz, 1H), 6.82–6.73 (m,

H), 3.09 (s, 2H), 2.84 (s, 2H), 1.85 (s, 4H); 13 C NMR (125 MHz, 

MSO- d 6 ): δ 166.6, 154.6, 152.2, 151.5, 149.2, 141.4, 140.2, 134.2, 

30.6, 130.3, 127.0, 125.5, 120.9, 117.7, 116.5, 114.9, 25.6, 25.6, 22.6, 

2.4; HRMS (ESI): m/z calculated for C 23 H 18 N 4 O 7 S 2 527.0617 found 

27.0640 [M + H] + . 

.1.9. 2-(((2,4-dichlorophenyl)sulfonyl)oxy)-4-((5,6,7,8- 

etrahydrobenzo[4,5]thieno[2,3-d]pyrimidin-4-yl)amino)benzoic acid 

9h) 

Off-white solid; yield 80 %; mp:160–164 °C; FT-IR (cm −1): 

325, 3062, 1650, 1585, 780, 710; 1 H NMR (500 MHz, DMSO- 

 6 ): δ 8.38 (s, 1H), 8.28 (s, 1H), 8.20 (d, J = 2.0 Hz, 1H), 7.94

d, J = 8.6 Hz, 1H), 7.74–7.63 (m, 2H), 7.56–7.48 (m, 1H), 7.37 (t, 

 = 8.2 Hz, 1H), 6.85 (dd, J = 8.1, 1.9 Hz, 1H), 3.10 (s, 2H), 2.84

s, 2H), 1.85 (s, 4H); 13 C NMR (125 MHz, DMSO- d 6 ): δ 166.6, 

54.6, 152.1, 149.2, 141.5, 141.2, 134.2, 134.1, 133.7, 132.7, 131.8, 

30.3, 128.9, 127.0, 120.8, 117.7, 116.3, 114.4, 25.6, 25.6, 22.6, 22.4; 

RMS (ESI): m/z calculated for C 23 H 17 Cl 2 N 3 O 5 S 2 550.0065 found 

50.0088 [M + H] + . 
Experimental procedure for the synthesis of piperazine 

inked thienopyrimidine derivatives: 13a-h 

Equimolar amounts of intermediate 5 and piperazine 

 10 ,1mmol) was taken into RBF and add the quantity of 10 ml 2-

roponal and refluxed for 10-12 h. On cooling intermediate 11 was 

btained which was treated with different arylsulphonylchlorides 

 12a-h , 1 mmol) in the presence of DIPEA (1 mmol), DCM at room

emperature to acquire 13a-h derivatives. 

.1.10. 4-(4-(phenylsulfonyl)piperazin-1-yl)-5,6,7,8- 

etrahydrobenzo[4,5]thieno[2,3-d] pyrimidine 

13a) 

Off-white solid; yield 80 %; mp:160–164 °C; FT-IR (cm −1): 

325, 3062, 1650, 1585, 780, 710; 1 H NMR (500 MHz, Trifluo- 

oacetic acid- d ) δ 8.46 (s, 1H), 7.81 (dd, J = 19.6, 7.6 Hz, 2H),

.77–7.69 (m, 1H), 7.64 (t, J = 7.8 Hz, 2H), 4.20 (s, 4H), 3.30 (d,

 = 41.6 Hz, 4H), 3.03–2.91 (m, 2H), 2.85 (s, 2H), 2.11–2.00 (m, 2H), 

.84 (s, 2H); 13 C NMR (125 MHz, Trifluoroacetic acid- d ) δ 160.1, 

54.9, 143.6, 139.4, 134.9, 134.8, 133.7, 129.9, 129.9, 128.7, 127.5, 

27.4, 118.8, 49.4, 46.0, 45.6, 28.0, 25.1, 22.2, 22.0; HRMS (ESI): m/z 

alculated C 20 H 22 N 4 0 2 S 2 416.1561 for found 415.1590 [M + H] + . 

.1.11. 4-(4-((2-chlorophenyl)sulfonyl)piperazin-1-yl)-5,6,7,8- 

etrahydrobenzo[4,5]thieno[2,3-d]pyrimidine 

13b) 

Off-white solid; yield 80 %; mp:160–164 °C; FT-IR (cm −1): 

325, 3062, 1650, 1585, 780, 710; 1 H NMR (500 MHz, Trifluo- 

oacetic acid- d ) δ 8.55 (s, 2H), 8.17 (d, J = 7.9 Hz, 2H), 7.68 (d,

 = 3.4 Hz, 4H), 7.56 (dd, J = 4.7, 4.3 Hz, 2H), 4.39–4.13 (m, 11H),

.63 (dd, J = 27.9, 23.2 Hz, 9H), 3.02 (t, J = 6.1 Hz, 5H), 2.93 (d,

 = 17.0 Hz, 5H), 2.14–2.05 (m, 5H), 1.96–1.85 (m, 5H); 13 C NMR 

125 MHz, Trifluoroacetic acid- d ) δ 160.2, 154.9, 143.5, 139.4, 135.6, 

33.8, 132.8, 132.5, 132.2, 128.7, 127.7, 118.9, 49.8, 45.5, 28.0, 25.0, 

2.1, 21.9; HRMS (ESI): m/z calculated C 20 H 21 ClN 4 O 2 S 2 449.0794 

or found 449.0821 [M + H] + . 
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.1.12. 4-(4-((4-chlorophenyl)sulfonyl)piperazin-1-yl)-5,6,7,8- 

etrahydrobenzo[4,5]thieno[2,3-d]pyrimidine 

13c) 

Off-white solid; yield 80 %; mp:160–164 °C; FT-IR (cm −1): 

325, 3062, 1650, 1585, 780, 710; 1 H NMR (500 MHz, Triflu- 

roacetic acid- d ) δ 8.48 (s, 1H), 7.76 (t, J = 9.1 Hz, 2H), 7.61

d, J = 8.6 Hz, 2H), 4.22 (dd, J = 20.0, 15.8 Hz, 4H), 3.31 (d,

 = 38.4 Hz, 4H), 3.04–2.91 (m, 2H), 2.85 (s, 2H), 2.05 (dd, J = 7.0,

.6 Hz, 2H), 1.85 (d, J = 3.2 Hz, 2H); 13 C NMR (125 MHz, Triflu-

roacetic acid- d ) δ 160.1, 160.0, 154.9, 154.8, 143.6, 143.5, 142.3, 

42.2, 139.5, 139.4, 132.4, 132.3, 130.3, 130.2, 128.8, 128.8, 128.7, 

28.6, 118.8, 118.7, 49.3, 49.3, 45.9, 45.8, 28.0, 27.9, 25.0, 25.0, 

2.1, 22.1, 21.9, 21.9; HRMS (ESI): m/z calculated C 20 H 21 ClN 4 O 2 S 2 
49.0794 for found 449.0821 [M + H] + . 

.1.13. 4-(4-tosylpiperazin-1-yl)-5,6,7,8- 

etrahydrobenzo[4,5]thieno[2,3-d]pyrimidine 

13d) 

Off-white solid; yield 80 %; mp:160–164 °C; FT-IR (cm −1): 

325, 3062, 1650, 1585, 780, 710; 1 H NMR (500 MHz, Tri- 

uoroacetic acid- d ) δ 8.58 (s, 1H), 7.93–7.71 (m, 2H), 7.57 (d, 

 = 8.0 Hz, 2H), 4.35 (d, J = 34.7 Hz, 4H), 3.44 (s, 4H), 3.09 (t,

 = 5.8 Hz, 2H), 2.97 (s, 2H), 2.58 (s, 3H), 2.17 (s, 2H), 1.96 (s, 2H);
3 C NMR (125 MHz, Trifluoroacetic acid- d ) δ 160.0, 154.8, 147.1, 

43.4, 139.3, 130.4, 128.6, 127.5, 118.6, 49.3, 45.9, 27.9, 25.0, 22.1, 

1.9, 20.0; HRMS (ESI): m/z calculated for C 21 H 24 N 4 O 2 S 2 429.2460 

ound 429.2488 [M + H] + . 

.1.14. 4-(4-((4-bromophenyl)sulfonyl)piperazin-1-yl)-5,6,7,8- 

etrahydrobenzo[4,5]thieno[2,3-d]pyrimidine 

13e) 

Off-white solid; yield 80 %; mp:160–164 °C; FT-IR (cm −1): 

325, 3062, 1650, 1585, 780, 710; 1 H NMR (500 MHz, Triflu- 

roacetic acid- d ) δ 8.72 (s, 3H), 8.08–7.99 (m, 7H), 7.92 (d, 

 = 8.6 Hz, 7H), 4.45 (s, 12H), 3.59 (s, 12H), 3.23 (t, J = 5.9 Hz,

H), 3.10 (s, 6H), 2.30 (d, J = 5.5 Hz, 6H), 2.09 (s, 6H); 13 C NMR

125 MHz, Trifluoroacetic acid- d ) δ 160.1, 154.8, 143.5, 139.4, 133.3, 

33.1, 130.3, 128.8, 128.6, 118.8, 49.3, 45.8, 27.9, 25.0, 22.1, 21.9; 

RMS (ESI): m/z calculated for C 20 H 21 BrN 4 O 2 S 2 494.0289 found 

94.0264 [M + 2] + . 

.1.15. 4-(4-((4-nitrophenyl)sulfonyl)piperazin-1-yl)-5,6,7,8- 

etrahydrobenzo[4,5]thieno[2,3-d]pyrimidine 

13f) 

Off-white solid; yield 80 %; mp:160–164 °C; FT-IR (cm −1): 

325, 3062, 1650, 1585, 780, 710; 1 H NMR (500 MHz, Trifluo- 

oacetic acid- d ) δ 8.79–8.75 (m, 1H), 8.34 (d, J = 8.5 Hz, 1H),

.55–5.47 (m, 1H), 4.52 (d, J = 21.6 Hz, 2H), 3.68 (s, 2H), 3.23

d, J = 30.9 Hz, 1H), 3.13 (s, 1H), 2.33 (s, 1H), 2.12 (s, 1H); 13 C

MR (125 MHz, Trifluoroacetic acid- d ) δ 160.2, 154.9, 151.1, 143.6, 

41.4, 139.6, 129.0, 128.6, 125.1, 119.0, 52.5, 49.4, 45.9, 27.9, 25.1, 

2.1, 21.9; HRMS (ESI): m/z calculated for C 20 H 21 N 5 O 4 S 2 460.1035

ound 460.1069 [M + H] + . 

.1.16. 4-(4-((2,4-dichlorophenyl)sulfonyl)piperazin-1-yl)-5,6,7,8- 

etrahydrobenzo[4,5]thieno[2,3-d]pyrimidine 

13g) 

Off-white solid; yield 80 %; mp:160–164 °C; FT-IR (cm −1): 

325, 3062, 1650, 1585, 780, 710; 1 H NMR (500 MHz, Trifluo- 

oacetic acid- d ) δ 8.75 (s, 1H), 8.28 (t, J = 10.3 Hz, 1H), 7.88 (d,

 = 1.7 Hz, 1H), 7.73 (dd, J = 8.6, 1.7 Hz, 1H), 4.41 (s, 4H), 3.85

s, 4H), 3.22 (s, 2H), 3.11 (s, 2H), 2.29 (s, 2H), 2.09 (s, 2H); 13 C

MR (125 MHz, Trifluoroacetic acid- d ) δ 160.0, 154.8, 143.5, 142.2, 

39.4, 132.3, 130.2, 128.8, 128.6, 118.8, 49.3, 45.8, 45.4, 27.9, 25.0, 

2.1, 21.9; HRMS (ESI): m/z calculated C 20 H 20 Cl 2 N 4 O 2 S 2 483.0405

or found 483.0440 [M + H] + . 
11 
.1.17. 4-(4-((4-(tert-butyl)phenyl)sulfonyl)piperazin-1-yl)-5,6,7,8- 

etrahydrobenzo[4,5]thieno[2,3-d]pyrimidine 

13h) 

Off-white solid; yield 80 %; mp:160–164 °C; FT-IR (cm −1): 

325, 3062, 1650, 1585, 780, 710; 1 H NMR (500 MHz, Trifluo- 

oacetic acid- d ) δ 8.47 (s, 2H), 7.73 (dd, J = 23.3, 8.7 Hz, 9H), 4.20

s, 8H), 3.35 (s, 8H), 2.97 (t, J = 6.0 Hz, 4H), 2.85 (s, 4H), 2.05 (dd,

 = 7.1, 3.5 Hz, 4H), 1.84 (d, J = 3.2 Hz, 4H), 1.37 (s, 18H); 13 C

MR (125 MHz, Trifluoroacetic acid- d ) δ 160.2, 160.0, 154.8, 143.5, 

39.3, 130.4, 128.7, 127.4, 127.1, 118.7, 49.3, 45.9, 35.1, 29.7, 28.0, 

5.0, 22.2, 21.9; HRMS (ESI): m/z calculated C 24 H 30 N 4 O 2 S 2 474.1312 

or found 474.1359 [M + H] + . 
Experimental procedure for the synthesis of linked N - 

octetrahydropyrido thienopyrimidine derivatives: 

To the starting material tert-butyl4-oxopiperidine-1-carboxylate 

 14 , 1 mmol) ethylcyano acetate ( 2 , 1 mmol), Sulphur powder 

1 mmol), 10 mL of ethanol and TEA (1 mmol) was added and re- 

uxed for 10-12 h, after the completion of reaction intermediate 

5 was obtained to which formamidine acetate (1.5 mmol) and 10 

L of DMF was added and heated at 100 °C for 12 h to procure

ntermediate 16 . Then, intermediate 16 was treated with equimo- 

ar amounts of aryl halides ( 17a-f ), K 2 CO 3 which was used as base

nd 5 mL of DMF and the reaction for carried at room tempera- 

ure for 12 h. After cooling aryl substituted N -Boc tetrahydropyrido 

hienopyrimidine analogues 18a-f were obtained. 

.1.18. Tert-butyl3-benzyl-4-oxo-3,5,6,8- 

etrahydropyrido[4 ′ ,3 ′ :4,5]thieno[2,3-d]pyrimidine-7(4H)-carboxylate 

18a) 

Off-white solid; yield 80 %; mp:160–164 °C; FT-IR (cm −1): 

325, 3062, 1650, 1585, 780, 710; 1 H NMR (500 MHz, DMSO- 

 6 ): δ 8.58 (s, 1H), 7.40–7.28 (m, 5H), 5.18 (s, 2H), 4.59 (s, 2H), 

.61 (t, J = 5.1 Hz, 2H), 2.93 (s, 2H), 1.43 (s, 9H); 13 C NMR

125 MHz, DMSO- d 6 ): δ 162.8, 157.2, 154.4, 148.5, 137.2, 130.1, 

29.1, 128.1, 121.9, 79.8, 48.9, 28.5, 26.0; HRMS (ESI): m/z calcu- 

ated for C 21 H 23 N 3 O 3 S 396.0846 found 398.0879 [M + H] + . 

.1.19. Tert-butyl3-(3-nitrobenzyl)-4-oxo-3,5,6,8- 

etrahydropyrido[4 ′ ,3 ′ :4,5]thieno[2,3-d]pyrimidine-7(4H) -carboxylate 

18b) 

Off-white solid; yield 80 %; mp:160–164 °C; FT-IR (cm −1): 

325, 3062, 1650, 1585, 780, 710; 1 H NMR (500 MHz, DMSO- d 6 ): 

8.67 (s, 1H), 8.27 (s, 1H), 8.16 (dd, J = 8.2, 1.4 Hz, 1H), 7.82 (d,

 = 7.7 Hz, 1H), 7.69–7.62 (m, 1H), 5.31 (s, 2H), 4.59 (s, 2H), 3.61

t, J = 5.6 Hz, 2H), 2.92 (t, J = 5.6 Hz, 2H), 1.43 (d, J = 6.7 Hz, 9H);
3 C NMR (125 MHz, DMSO- d 6 ): δ 163.0, 157.3, 154.4, 148.4, 139.2, 

35.1, 130.6, 130.1, 123.3, 123.1, 122.0, 79.9, 48.6, 28.5, 25.9; HRMS 

ESI): m/z calculated for C 21 H 22 N 4 O 5 S 4 43.1494 found 4 43.1520

M + H] + . 

.1.20. Tert-butyl 3-(2,6-dichlorobenzyl)-4-oxo-3,5,6,8- 

etrahydropyrido[4 ′ ,3 ′ :4,5]thieno[2,3-d]pyrimidine-7(4H)-carboxylate 

18c) 

Off-white solid; yield 80 %; mp:160–164 °C; FT-IR (cm −1): 

325, 3062, 1650, 1585, 780, 710; 1 H NMR (500 MHz, DMSO- d 6 ): 

8.26 (s, 1H), 7.52 (d, J = 8.2 Hz, 2H), 7.41 (dd, J = 8.7, 7.5 Hz,

H), 5.39 (d, J = 11.6 Hz, 2H), 4.58 (s, 2H), 3.59 (t, J = 5.6 Hz,

H), 2.89 (t, J = 5.6 Hz, 2H), 1.42 (s, 9H); 13 C NMR (125 MHz,

MSO- d 6 ): δ 162.5, 157.1, 154.4, 148.3, 136.2, 131.3, 131.0, 130.1, 

29.5, 121.8, 79.9, 46.4, 28.5, 25.9; HRMS (ESI): m/z calculated for 

 21 H 21 Cl 2 N 3 O 3 S 46 6.0 681 found 46 6.0708 [M + H] + . 

.1.21. Tert-butyl 

-oxo-3-(2-oxo-2-(p-tolyl)ethyl)-3,5,6,8-tetrahydropyrido[4 ′ ,3 ′ :4,5] 

hieno [2,3-d]pyrimidine-7(4H)-carboxylate (18d) 

Off-white solid; yield 80 %; mp:160–164 °C; FT-IR (cm −1): 

325, 3062, 1650, 1585, 780, 710; 1 H NMR (500 MHz, DMSO- d ): δ
6 
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.34 (s, 1H), 7.99 (d, J = 8.2 Hz, 2H), 7.43 (d, J = 8.0 Hz, 2H), 5.59

d, J = 11.2 Hz, 2H), 4.60 (d, J = 17.5 Hz, 2H), 3.63 (t, J = 5.6 Hz,

H), 2.92 (t, J = 5.6 Hz, 2H), 2.43 (s, 3H), 1.44 (d, J = 7.4 Hz, 9H);
3 C NMR (125 MHz, DMSO- d 6 ): δ 192.6, 163.1, 157.2, 154.4, 148.9, 

45.2, 132.4, 130.0, 128.6, 121.7, 79.9, 52.0, 28.5, 25.9, 21.7; HRMS 

ESI): m/z calculated for C 23 H 25 N 3 O 4 S 4 40.1566 found 4 40.1592

M + H] + . 

.1.22. Tert-butyl 3-(2-(naphthalen-2-yl)-2-oxoethyl)-4-oxo-3,5,6,8- 

etrahydropyrido[4 ′ ,3 ′ :4,5] thieno[2,3-d]pyrimidine-7(4H)-carboxylate 

18e) 

Off-white solid; yield 80 %; mp:160–164 °C; FT-IR (cm −1): 

325, 3062, 1650, 1585, 780, 710; 1 H NMR (500 MHz, DMSO- d 6 ): 

8.89 (s, 1H), 8.40 (s, 1H), 8.25–7.98 (m, 4H), 7.71 (dt, J = 14.6, 

.0 Hz, 2H), 5.77 (s, 2H), 4.61 (d, J = 20.3 Hz, 2H), 3.63 (s, 2H), 2.93

s, 2H), 1.42 (d, J = 20.6 Hz, 9H); 13 C NMR (125 MHz, DMSO- d 6 ):

193.1, 163.1, 157.2, 154.4, 148.9, 135.9, 132.6, 132.2, 132.1, 130.8, 

30.2, 130.1, 129.6, 129.2, 128.3, 127.7, 123.7, 121.7, 79.9, 52.2, 28.5, 

5.9; HRMS (ESI): m/z calculated for C 26 H 25 N 3 O 4 S 477.3609 found 

77.3644 [M + H] + . 

.1.23. Tert-butyl 3-(2-((1H-indol-3-yl)thio)acetyl)-4-oxo-3,5,6,8- 

etrahydropyrido[4 ′ ,3 ′ :4,5]thieno[2,3-d]pyrimidine-7(4H)-carboxylate 

 18f) 

White solid; yield 82 %; mp:150–153 °C; FT-IR (cm −1): 3325, 

062, 1650, 1585, 780, 710; 1 H NMR (500 MHz, DMSO- d 6 ): δ
.58 (s, 1H), 7.40–7.28 (m, 5H), 5.18 (s, 2H), 4.59 (s, 2H), 3.61 (t, 

 = 5.1 Hz, 2H), 2.93 (s, 2H), 1.43 (s, 9H); 13 C NMR (125 MHz,

MSO- d 6 ): δ 163.0, 157.3, 154.4, 148.4, 139.2, 135.1, 130.6, 130.1, 

23.3, 123.1, 122.0, 79.9, 48.6, 43.3, 28.5, 25.9; HRMS (ESI): m/z cal- 

ulated for C 24 H 24 N 4 O 4 S 2 498.1108 found 498.1133 [M + H] + . 

.2. Bacterial strains and media 

The panel of bacteria consisted of Escherichia coli (ATCC 

5922), Klebsiella pneumoniae (BAA-1705), Acinetobacter bauman- 

ii (BAA1605), Pseudomonas aeruginosa (ATCC 27853) and Staphy- 

ococcus aureus (ATCC 29213). NRS199, NRS129, NRS186, NRS191, 

RS192, NRS193, NRS194, NRS198 are MRSA strains while VRS1, 

RS4, VRS12 are VRSA strains. These strains were obtained from 

EI/NARSA/ATCC (Biodefense and Emerging Infections Research Re- 

ources Repository/Network on Antimicrobial Resistance in Staphy- 

ococcus aureus /American Type Culture Collection, USA) and rou- 

inely cultivated on Mueller-Hinton Agar (MHA). Prior to the ex- 

eriment, a single colony was picked from MHA plate, inoculated 

n Mueller-Hinton cation supplemented broth II (CA-MHB) and in- 

ubated overnight at 37 °C with shaking for 18–24 h to get the 

tarter culture. 

M. tuberculosis H37Rv ATCC 27294 was cultured in Middlebrook 

H9 (Difco, Becton, NJ, USA) media supplemented with 10% ADC 

Bovine Serum Albumin, Dextrose, NaCl), 0.2% glycerol and 0.05% 

ween-80 (ADC-Tween-80). 

.2.1. Antibiotic susceptibility testing against pathogen panel 

Antibiotic susceptibility testing was carried out on the newly 

ynthesized compounds by determining the Minimum Inhibitory 

oncentration (MIC) with reference to the standard CLSI guide- 

ines [ 17 , 18 ]. MIC is defined as the minimum concentration of

ompound at which visible bacterial growth is inhibited. Bacte- 

ial cultures were grown in Mueller-Hinton cation supplemented 

roth (CA-MHB). Optical density (OD 600 ) of the cultures was mea- 

ured, followed by dilution for ~10 6 cfu/mL. This inoculum was 

dded into a series of test wells in a microtitre plate that con- 

ained various concentrations of compound under test ranging 
12 
rom 64-4 μg/mL. Controls i.e., cells alone and media alone (with- 

ut compound + cells) and levofloxacin used as a reference stan- 

ard. Plates were incubated at 37 °C for 16 - 18 h followed by obser-

ations of MIC values by the absence or presence of visible growth. 

or each compound, MIC determinations were performed indepen- 

ently thrice using duplicate samples each time. 

.2.2. Antibiotic susceptibility testing against pathogenic 

ycobacteria 

Antimycobacterial susceptibility testing was carried out on the 

ewly synthesized compounds by using broth micro dilution as- 

ay [19] . 1g/100 mL stock solutions of test and control com- 

ounds were prepared in DMSO and stored in −20 °C. Mycobacte- 

ial cultures were inoculated in Middlebrook 7H9 enriched (Difco, 

ecton, NJ, USA) media supplemented with 10% ADC-Tween-80 

Bovine Serum Albumin, Dextrose, 0.2% glycerol and 0.05% Tween - 

0) and OD 600 of the cultures was measured, followed by dilution 

o achieve ~10 6 cfu/mL [20] . The newly synthesized compounds 

ere tested from 0.0 064–0.0 0 0 05 g/10 0 mL in two-fold serial di-

uted fashion with 2.5 μL of each concentration added per well 

f a 96-well round bottom micro titre plate. Later, 97.5 μL of 

acterial suspension was added to each well containing the test 

ompound along with appropriate controls. Presto blue (Thermo 

isher, USA) resazurin-based dye was used for the visualized iden- 

ification of active compounds. MIC of active compound was deter- 

ined as lowest concentration of compound that inhibited visible 

rowth after incubation period. For each compound, MIC determi- 

ations were replicated thrice using duplicate samples. The MIC 

lates were incubated at 37 °C for 7 days for Mtb. 

.3. Molecular docking 

The molecular docking studies were performed at the bind- 

ng site of TrmD (PDB ID: 1UAK) [5] . The coordinates of the 

rystal structure were obtained from RCSB-Protein Data Bank and 

uitable corrections were made using Protein Preparation Wizard 

rom the Schrödinger package. Regarding the ligands, molecules 

ere constructed using ChemBio3D Ultra 12.0 and their geome- 

ries were optimized using molecular mechanics. Finally, docking 

tudies were performed according to the standard protocol im- 

lemented in maestro software, version 9.9 on the most active 

olecules [21] . The ligand-protein complex was analysed for in- 

eractions and 3D pose of most active compounds was imaged 

sing Schrödinger. In this work, in order to further investigate 

he anti-bacterial activity of target compounds against TrmD, the 

n vitro activity data was chose to construct the 3D-Quantitative 

tructure Activity Relationship (3D-QSAR) models. Field and atom- 

ased analysis were performed using MIC values for all target 

ompounds against antibacterial activity. Construction of all target 

ompounds, structural optimization, and 3D-QSAR modelling were 

ll performed on maestro software, version 9.9 [22] . 
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