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Electronic supplementary information

1. Microbiological evaluation results: 

Table. S1| MIC (μg/mL) for the synthesised compounds (5a-b), (6a-e), (7a-d) and (9a-e)  

Compound S. aureus

ATCC 

29213

E. faecalis

ATCC 

29212

P. 

aeruginosa

ATCC 

29853

E. coli

ATCC 

25922

K. 

pneumoniae

ATCC 

700603

5a >128 128 128 >128 >128

5b >128 128 128 >128 128

6a 128 128 128 >128 128

6b 128 128 128 >128 128

6c 128 128 128 >128 128

6d 128 128 128 >128 128

6e 128 128 128 128 128

7a 128 128 128 128 128

7b 128 128 128 >128 128

7c >128 128 128 >128 128

7d 128 128 128 128 128

9a 128 128 128 >128 128

9b 128 64 128 >128 128

9c 128 128 128 >128 >128

9d 128 64 128 >128 128

9e 64 32 128 >128 128

ciprofloxacin 0.25 1 0.5 0.008 0.25
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Table. S2| MIC (μg/mL) for the synthesised compounds (16a-c)

2. Computational studies supplementary information: 

2.1. Flexible alignment studies:

Flexible alignment and docking studies were performed using MOE 2015.10 software1. 

Flexible alignment was performed using MMFF94 forcefield, flexible alignment mode and the 

resulted conformations were examined according to their grand alignment score (S). The latter 

is the sum of the similiraity measure of configuration (F) and the average strain energy of the 

molecules in the alignment in kcal/mol (U). The lower S value indicates better alignment. 

Fig. S1. 3D molecular alignment results. Phe-AMP is presented in orange colour. (A) 5a (pink colour) S= -
170.1604, (B) 6c (purple colour) S= -154.4615, (C) 6e (black colour) S= -159.4926, (D) 7d (green colour) S= -
162.6272, (E) 9a (yellow colour) S= -190.7823 and (F) 16c (grey colour) S= -206.69

Compound S. aureus

ATCC 29213

MRSA

NCTC 12493

E. faecalis

ATCC 29212

E. faecium

16568

16a 128 64 64 32

16b 128 64 128 64

16c 128 64 32 32

ciprofloxacin 0.25 0.5 0.5 1
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2.2. Multiple sequence alignment: 

Fig. S2. Multiple sequence alignment2 of PheRS α subunit amino acid sequences from P. aeruginosa (Q9I0A3), 
K. pneumoniae (A6TAI3), E. coli (P08312), S. aureus (P68849) and E. faecalis (Q836J6). Yellow boxes show 
residues responsible for hydrophobic interactions. While green boxes show residues responsible for hydrophilic 
interaction. A high level of conservation among sequences could be observed.  
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2.3. Homology model evaluation:

2.3.1. Ramachandran plot:

Almost 98% of the amino acids are in the allowed region with only 3 amino acids 

observed in the outlier region which are Asp 185, Leu 191 and Gly 273 and all of them are 

not a part of the enzyme’s active site.

Fig. S3| Ramachandran plot of E. faecalis model.3
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2.3.2. ProSA analysis:

ProSA analysis revealed good quality model as its Z-score is among the same sized 

solved protein structures and equal to -7.15 and the internal energy of each amino acid in the 

protein 3D structure is with negative value (Table. S3).
Table. S3| ProSA analysis results of E. faecalis model. 4, 5

Overall model quality Local model quality
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2.3.3. Verify 3D:

The newly constructed model passed the 3D verification as 86.32% of its amino acids have 

scored more than or equal to 0.2.

Fig. S4| 3D profile of E. faecalis model. 6
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3. Chemistry supplementary information: 
3.1. Preparation methods for compounds 3,4 and 12: 

3.1.1. 3-(1H-Benzo[d]imidazol-1-yl) propanehydrazide (3) 7, 8

To a solution of the methyl propanoate ester (2) (3 g, 14.69 mmol) in EtOH (125 mL) was 

added hydrazine monohydrate (10 equivalents) and the reaction mixture was stirred at room 

temperature overnight. The formed solid was collected by filtration and recrystallised from 

EtOAc and petroleum ether to give the pure hydrazide compound (3) as white crystals; yield 

2.5 g (84%); m.p. 105-110 °C; TLC CH2Cl2-MeOH 9:1 v/v, Rf = 0.29; 1H NMR (DMSO-d6) 

δ:  2.60 (t, J = 6.7 Hz, 2H, CH2CO), 4.19 (s, 2H, NH2), 4.47 (t, J = 6.6 Hz, 2H, CH2CH2), 7.21 

(t, J = 7.2 Hz, 1H, Ar), 7.26 (t, J = 8.1 Hz, 1H, Ar), 7.58 (d, J = 8.00 Hz, 1H, Ar), 7.62 (d, J 

= 7.9 Hz, 1H, Ar), 8.11 (s, 1H, H-imidazole), 9.06 (s, 1H, NH). 13C NMR (DMSO-d6) δ: 34.1 

(CH2CO), 40.9 (NCH2CH2), 110.9 (CH), 119.8 (CH), 122.1 (CH), 122.9 (CH), 134.0 (C), 143.6 

(C), 144.4 (CH-imidazole), 169.5 (CO).

3.1.2. 5-(2-(1H-Benzo[d]imidazol-1-yl)ethyl)-1,3,4-thiadiazol-2-amine (4) 7

To a stirred mixture of the hydrazide (0.5 g, 2.45 mmol) in dry IPA (20 mL), was added 

(trimethylsilyl)isothiocyanate (TMSNCS) (1.38mL, 9.8 mmol), then the mixture was heated 

under reflux overnight. The solvent was then concentrated under vacuum and c.H2SO4 (10 mL) 

was added, and the reaction stirred at room temperature for 2 h. The reaction was poured into 

crushed ice and neutralised using NH4OH in -70°C dry ice/acetone bath. The resulting solid 

was collected by filtration, washed with H2O and petroleum ether and dried in vacuo at 40 oC 

to afford the product as a yellow solid. Yield 0.3 g (53%); m.p. 208- 210°C (Lit. m.p. 182-

1842); TLC CH2Cl2-MeOH 9:1 v/v, Rf 0.49. 1H NMR (DMSO-d6) δ:  CH2 signal is obscured 

by DMSO-d6 signal, 4.59 (t, J = 6.8 Hz, 2H, CH2CH2), 7.03 (s, 2H, NH2), 7.21 (t, J = 7.3 Hz, 

1H, Ar), 7.26 (t, J = 7.6 Hz, 1H, Ar), 7.63 (t, J = 8.6 Hz, 2H, Ar), 8.15 (s, 1H, H-imidazole). 
13C NMR (DMSO-d6) δ: 30.3 (NCH2CH2), 43.7 (NCH2), 110.9 (CH), 119.9 (CH), 122.0 (CH), 

122.8 (CH), 134.1 (C), 143.9 (C), 144.6 (CH-imidazole), 154.7 (C), 169.1 (C).

3.1.3. Methyl 3-(4-(dimethylamino)-7H-pyrrolo[2,3-d]pyrimidin-7-yl)propanoate (12)  9

Prepared using N,N-dimethyl-7H-pyrrolo[2,3-d]pyrimidin-4-amine (11) (2 g, 12.33 mmol). 

The product was pure enough to be used in next steps with any further purification needed and 

separated as yellow low melting solid. Yield: 2.54 g, 83%; m.p. 52-54 o C; TLC: CH2Cl2-MeOH 



S9

9:1 v/v, Rf 0.75. 1H NMR (DMSO-d6) δ: 2.85 (t, J = 7.0 Hz, 2H, CH2CO), 3.28 (s, 6H, 

N(CH3)2), 3.58 (s, 3H, OCH3), 4.38 (t, J = 7.0 Hz, 2H, NCH2), 6.62 (d, J = 3.6 Hz, 1H, Ar), 

7.18 (d, J =3.7 Hz, 1H, Ar), 8.14 (s, 1H, Ar). 13C NMR (DMSO-d6) δ: 34.6 (CH2CO), 39.1 

(N(CH3)2), CH2 peak is obscured by DMSO-d6 peak , 52.0 (OCH3), 101.7 (CH), 102.9 (C), 

124.2 (CH), 150.5 (C), 151.2 (CH), 157.4 (C), 171.7 (CO).
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3.2. NMR Charts for compounds (5a-b), (6a-e), (7a-d), (9a-e) and (16a-c)

5a

5a
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5b

5b
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6a

6a
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6b

6b
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6c

6c
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6d

6d
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6e

6e
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7a

7a
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7b

7b
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7c

7c
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7d

7d
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9a

9a
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9b

9b
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9c

9c
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9d

9d
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9d
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9e

9e
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16a

16a
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16b

16b
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16c

16c
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3.3. HPLC Charts:

5b
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6b



S32

6c

6d
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6e

7a
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7c

7b
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7d

9a
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9b

9c
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9e

9d
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16a

16b
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16c
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