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1. Chemistry

All commercial reagents were used without purification. Melting points were determined on a Mel-
Temp 3.0 melting point apparatus and are uncorrected. TLC analysis was carried out on silica gel
60 F254 precoated aluminum sheets using UV light for detection. *H and *3C NMR spectra were
recorded on a Bruker 600 MHz spectrometer (except as noted) using the indicated solvents. Mass
spectra were obtained from the Georgia State University Mass Spectrometry Laboratory, Atlanta,
GA. Elemental analysis were performed by Atlantic Microlab Inc., Norcross, GA. Compound 5
was made according to the published procedure [1]. Compound 11 was made according to the
published procedure [2]. Compounds 13c and 13d were prepared by the same method used to

prepare compound 6b.

4-(5-(4-Carbamimidoylphenyl)-1H-indol-2-yl)-3-methylbenzimidamide (6a).

The dinitrile 5 (0.66 mmol) was suspended in freshly distilled THF (5 mL) and treated with lithium
trimethylsilyl amide 1M solution in tetrahydrofuran (4 mL, 3.98 mmol), the mixture was stirred
for 2 days at room temperature. The reaction mixture was then cooled to zero °C and HCI saturated
ethanol (2 mL) was added. The mixture was stirred for 24 h, diluted with ether and the resultant
solid was collected by filtration. The diamidine was purified by neutralization with 1N sodium
hydroxide solution followed by filtration of the formed solid and washing with water and dried.
Finally, the free base was stirred with ethanolic HCI for one week to make sure that the (Boc).0O
group was completely removed, diluted with ether, and the solid formed was filtered and dried to
give the final diamidine.

Yellow solid, yield 72 %. mp > 300 °C ; tHNMR (DMSO-ds, 600 MHz) ¢ 11.90 (s, 1H), 9.51 (s,
2H), 9.47 (s, 2H), 9.31 (m, 2H), 9.26 (m, 2H), 8.03 (brs, 1H), 7.96 (m, 4H), 7.91 (brs, 1H), 7.85

(m, 2H), 7.59 (brs, 2H), 6.87 (d, 1H, J = 1.8 Hz), 2.61 (s, 1H); 3CNMR (DMSO-ds, 150 MHz) &



165.8, 165.6, 147.3, 137.6, 137.2, 136.6, 131.3, 130.4, 129.5, 129.4, 129.3, 129.2, 127.2, 126.9,
126.2, 125.8, 122, 119.6, 112.7, 104.7, 21.9; HR-MS: m/z calc. for C23H22Ns: 368.1875, found
320.1884 [M+1]"; Anal. Calcd. For C23H21Ns. 2HCI. 0.5H20: C, 61.47; H, 5.38; N, 15.58. Found:

C, 61.39; H, 5.36; N, 15.22.

2-(4-(4,5-Dihydro-1H-imidazol-2-yl)-2-methylphenyl)-5-(4-(4,5-dihydro-1H-imidazol-2-
yl)phenyl)-1H-indole (6b).

The dinitrile 5 (2.1 mmol) were suspended in saturated ethanolic-HCI (gas) and stirred at room
temperature for 1 week, with complete isolation from air. Anhydrous ether was added and the
crystals which formed were filtered, dried under vacuum for 30 min and then suspended in
anhydrous ethanol. Ethylene diamine (4.5 mmol) was added to the solution and the solution was
stirred at room temperature for 2 days and then refluxed for 2 days and left to cool down.
Anhydrous ether was added, and the precipitated crystals (HCI salt) were filtered. The final
compounds were purified by neutralization with 1IN sodium hydroxide solution followed by
filtration of the formed free base that was washed with water and dried. The free base was stirred
with ethanolic-HCI (gas) for 2 days, diluted with anhydrous ether, and the solid which formed was
filtered and dried to give the final diamidine.

Yellow solid, yield 39 %. mp > 300 °C ; tHNMR (DMSO-ds, 600 MHZz) § 11.95 (s, 1H), 10.96 (s,
2H), 10.86 (s, 2H), 8.17 (m, 3H), 8.07 (m, 2H), 7.99 (d, 2H, J = 9 Hz), 7.90 (d, 1H, J = 7.8 Hz),
7.63 (d, 1H, J=9 Hz), 7.59 (d, 1H, J = 9 Hz), 6.90 (brs, 1H), 4.01 (brs, 8H), 2.61 (s, 1H); 3CNMR
(DMSO-de, 150 MHz) ¢ 164.9, 164.7, 147.8, 138, 137.7, 137, 136.7, 132, 130.2, 129.8, 129.6,
129.3, 127.4,126.8, 122.2, 121, 120.1, 119.8, 112.7, 105, 44.8, 44.7, 21.9; HR-MS: m/z calc. for
C27H26Ns 420.2188, found 420.2183 [M+1]"; Anal. Calcd. For C27H25Ns. 2HCI. H20: C, 63.52;

H, 5.72; N, 13.71. Found: C, 63.59; H, 5.61; N, 13.49.



General method for the preparation of the bis-nitriles 12a,b.

Tetrakistriphenylphosphine palladium (0.288 g, 0.25 mmol) was added to a stirred mixture of tert-
butyl 6-cyano-2-(trimethylstannyl)-1H-pyrrolo[2,3-b]pyridine-1-carboxylate, (2.03 g, 5 mmol)
and the appropriate bromo derivative 10 (5 mmol) in deaerated dioxane (20 mL) under a nitrogen
atmosphere. The vigorously stirred mixture was warmed to 90-100 °C for 24 h. The solvent was
evaporated under reduced pressure, the formed residue was partitioned between ethyl acetate (100
mL) containing 5 mL ammonia to remove the palladium species, then washed with water, passed
through celite to remove the catalyst, dried over magnesium sulphate, and vacuum-dried.
Purification was done using column chromatography on silica gel, and hexanes/ethyl acetate

(80/20, v/v) as an eluent.

tert-Butyl 6-Cyano-2-(5-(4-cyanophenyl)furan-2-yl)-1H-pyrrolo[2,3-b]pyridine-1-
carboxylate (12a).

White solid, yield 69 %. mp 201-202 °C ; *HNMR (DMSO-ds, 400 MHz) 6 9.21 (d, 1H, J = 2Hz),
8.45 (brs, 1H), 8.93 (dd, 1H, J = 8Hz, 2Hz), 8.13 (d, 1H, J = 8Hz), 7.9 (d, 1H, J = 8Hz), 7.72 (d,
1H, J = 8Hz), 7.6 (d, 1H, J = 3.6Hz), 7.28 (s, 1H), 7.12 (d, 1H, J = 3.6Hz), 1.42 (s, 9H); 3CNMR
(DMSO-ds, 100 MHz) 6 149.7, 148.1, 146.3, 136.4, 132.1, 131.7, 130.6, 128.9, 128.6, 126.4,
121.8, 120.2, 119.8, 117.3, 113.5, 111.7, 111, 108.2, 85.5, 27.5; ESI-MS: m/z calculated for
C24H18N4O3: 410.42, found: 411.1 [M+1]"; Anal. Calcd. For C22H1sN4Os: C, 70.23; H, 4.42; N,

13.65. Found: C, 69.90; H, 4.38; N, 13.40.

tert-Butyl 6-cyano-2-(5-(4-cyanophenyl)thiophen-2-yl)-1H-pyrrolo[2,3-b]pyridine-1-
carboxylate (12b).
Brown solid, yield 62 %. mp 208-210 °C; *tHNMR (CDCls, 400 MHz) § 8.84(d, 1H, J = 1.6H2z),

8.55 (brs, 1H), 7.99 (dd, 1H, J = 8.4Hz, 2Hz), 7.78 (d, 1H, J = 8Hz), 7.7 (d, 1H, J = 3.6Hz), 7.67



(d, 1H, J = 8Hz), 7.55 (dd, 1H, J = 8Hz, 1.6Hz), 7.24 (d, 1H, J = 3.6Hz), 6.83 (s, 1H), 1.49 (s, 9H);
13CNMR (CDCls, 100 MHz) ¢ 149.6, 148.1, 148, 146.3, 136.4, 132, 131.7, 130.7, 128.8, 128.6,
126.3, 121.4, 120.2, 119.8, 117.2, 113.4, 111.7, 111, 108.2, 85.4, 27.9 ; ESI-MS: m/z calculated
for C24H1sN40;S: 426.49, found: 427.5 [M+1]"; Anal. Calcd. For C24H1sN4O2S: C, 67.59; H, 4.25;

N, 13.14. Found: C, 67.84; H, 4.33; N, 12.99.

2-(5-(4-Carbamimidoylphenyl)furan-2-yl)-1H-pyrrolo[2,3-b]pyridine-6-carboximidamide
(13a).

Compound 13a was prepared by the same method used to prepare compound 6a.

Yellow solid, yield 55 %. mp > 300 °C ; tHNMR (DMSO-ds, 600 MHz) 6 9.56 (brs, 3H), 9.46 (s,
2H), 9.36 (s, 2H), 9.34 (s, 2H), 8.23 (d, 1H, J = 8.4Hz), 8.14 (d, 2H, J = 8.4Hz), 8.02 (m, 4H), 7.48
(d, 1H, J = 3.6Hz), 7.50 (d, 1H, J = 3.6Hz), 7.12 (d, 1H, J = 1.8Hz); *CNMR (DMSO-ds, 150
MHz) ¢ 165.3, 163.6, 152.8, 148.7, 147.3, 137.1, 134.6, 134.2, 129.4, 129.1, 126.9, 125.2, 124.3,
116.2, 112.7, 112, 98.1; HR-MS: m/z calc. for C19H17NsO 345.1464, found 345.1478 [M+1]";
Anal. Calcd. For C19H16NeO. 2HCI. 0.5H20: C, 53.53; H, 4.49; N, 19.71. Found: C, 53.48; H,

4.22; N, 19.39.

2-(5-(4-Carbamimidoylphenyl)thiophen-2-yl)-1H-pyrrolo[2,3-b]pyridine-6-
carboximidamide (13b).

Compound 13b was prepared by the same method used to prepare compound 6a.

Yellow solid, yield 77 %. mp > 300 °C; tHNMR (DMSO-ds, 400 MHz) ¢ 12.73 (brs, 1H), 9.74 (s,
2H), 9.44 (s, 2H), 9.39 (s, 2H), 9.14 (s, 2H), 9.02 (s, 1H), 8.34 (dd, 1H, J = 8.4Hz, 1.6Hz), 8.22
(d, 1H, J = 8.4Hz), 8.10 (d, 1H, J = 3.6Hz), 7.98 (brs, 1H), 7.73 (d, 1H, J = 3.6Hz), 7.47 (dd, 1H,
J=8.4Hz, 1.6Hz), 6.99 (d, 1H, J = 1.6Hz); 3C NMR (DMSO-ds, 100 MHz) § 166.5, 163.5, 155.3,

149.2, 142.6, 138.3, 137.2, 136.2, 136.0, 132.5, 129.0, 126.9, 122.1, 120.8, 120.4, 119.1, 118.1,



112.1, 100.4; HR-MS: m/z calc. for C19H17N6S 361.1235, found 361.1250 [M+1]*; Anal. Calcd.

For C19H16NeS. 2HCI. 0.5H20: C, 51.58; H, 4.32; N, 18.99. Found: C, 51.33; H, 4.11; N, 18.67.

2. Biological evaluations
2.1. Evaluation of spectrum and minimum inhibitory concentrations (MICs) against

ESKAPE pathogens

The MICs of the investigated compounds were determined by applying the broth microdilution
assay per specifications from the Clinical and Laboratory Standards Institute [3]. In brief, 96-well
trays with a maximum volume of 0.5 ml per well were used for susceptibility testing. On the day
of each experiment, an overnight culture of bacteria was used to create a turbidity adjusted
concentration of organism suspended in calcium and magnesium adjusted Mueller-Hinton broth.
Antibacterial stock solutions purchased from AK Scientific were created on the day of each
experiment, and a series of two-fold dilutions were used to create a concentration gradient in rows
of the tray. The initial inoculum of bacteria in each well was ~ 5 x 10° CFU/mL suspended in 150
pL of total volume. Completed trays were covered in tape to prevent desiccation, and visible
growth was recorded after 18 — 24 hours of incubation at 37°C. Study compounds were evaluated
along with vancomycin or gentamicin to ensure consistency with other laboratories. All
experiments were completed in quadruplicate. If the results of four experiments were evenly split
between two MIC values, then the MIC of the compound was reported as a range between the two

values.

2.2. Time-kill assay

Time-kill assay was performed adopting the reported protocol [4]. Four different bacterial strains

including E. faecium AR Bank # 0572 (VRE), COL (MRSA), 03-149.2 (polymyxin-resistant A.



baumannii), and E. coli AR Bank # 0017 were utilized. Overnight cultures of bacteria and cation-
adjusted Mueller-Hinton broth was used to attain 20 mL suspensions with starting inocula of ~10°
CFU/mL, which were incubated at 37°C in a water bath with constant shaking. Concentration
arrays of compound 13d were prepared for each organism corresponding to 1X, 2X, 4X and 8X
the MIC of the compound. At 0, 2, 4, 6, 8 and 24 hours, 100 uL samples were collected from each
reaction vessel, serially diluted in saline, and plated onto Mueller—Hinton agar for viable cell
counting. After 24 hours of incubation at 37°C, colonies were enumerated to quantity the bacteria

in each experiment.

3. Docking simulations

Regarding UPPS docking study, its crystal structure was obtained from Protein Data Bank (PDB
ID: 1X06 and 2E98 for closed and opened conformations, respectively). Structure preparation was
performed regarding each target as well as ligand, docking was performed applying the co-
crystallized ligands’ binding sites. Obtained results were examined carefully, analyzed, and
visualized using Discovery Studios Visualizer. Similarly, KARI’s crystal structure was
downloaded from PDB (ID: 7KH7) and docking experiment was performed once in presence of
NADPH and other in absence of it. The docking study against S. aureus DNA was performed
utilizing a 105-mer sequence TY4, ETB plasmid DNA (GenBank accession No. AP003088,
sequence 19540-19644) was downloaded from GenBank. Two experiments were conducted, the
first was preliminary in order to get possible sites over the 105 sequence and the other was

performed on the identified sequences in the first study.
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High Resolution Mass Spectra
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Elemental Composition Report

Single Mass Analysis

Tolerance =5.0 PPM / DBE: min =-1.5, max =50.0

Element prediction: Off

Monoisotopic Mass, Even Electron lons

1677 formula(e) evaluated with 5 results within limits (up to 50 closest results for each mass)
Elements Used:

C:0-50 H:0-100 N:0-10 0:0-25 S:0-2

Minimum: -1.5
Maximum: 5.0 5.0 50.0
Mass Calc. Mass mDa PPM DBE Formula

368.1884 368.1875 0.9 2.4 155 C23 H22 N5
368.1894 -10 27 25 C11 H26 N7 O7
368.1896 -12  -33 55 CI9H30NO4 S
368.1869 1.5 4.1 6.5 C15H26 N7 02 S
368.1902 -18 49 15 C12 H30 N7 O2 S2
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Elemental Composition Report

Single Mass Analysis

Tolerance =5.0 PPM / DBE: min =-1.5, max =50.0

Element prediction: Off

Monoisotopic Mass, Even Electron lons

2180 formula(e) evaluated with 8 results within limits (up to 50 closest results for each mass)
Elements Used:

C:0-50 H:0-100 N:0-10 0:0-25 S:0-2

Minimum: -1.5
Maximum: 5.0 5.0 50.0
Mass Calc. Mass mDa PPM DBE Formula

420.2183 420.2182 0.1 0.2 8.5 C19H30N702S

420.2188 05 -12 175 C27H26 N5

420.2175 0.8 1.9 125 C26 H30 N O4
420.2175 0.8 1.9 -0.5 C11 H34 N9 04 S2
420.2193 -1.0 -24 -05 Cl4H34N3011
420.2168 15 3.6 35 C18 H34 N3 O6 S
420.2166 1.7 4.0 05 C10 H30 N9 09
420.2202 -19 45 -15 C15H38N3 06 S2
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Elemental Composition Report

Single Mass Analysis

Tolerance =5.0 PPM / DBE: min =-1.5, max =50.0

Element prediction: Off

Monoisotopic Mass, Even Electron lons

594 formula(e) evaluated with 3 results within limits (up to 50 closest results for each mass)
Elements Used:

C:0-50 H:0-100 N:0-10 0:0-25

Minimum: -1.5

Maximum: 5.0 5.0 50.0

Mass Calc. Mass mDa PPM DBE Formula

345.1478 345.1482 -04 -12 15 C7H21 N8 O8
345.1491 -13  -38 135 (C23H21083

345.1464 14 4.1 145 C19 H17 N6 O
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Elemental Composition Report

Single Mass Analysis

Tolerance =5.0 PPM / DBE: min =-1.5, max =50.0

Element prediction: Off

Monoisotopic Mass, Odd and Even Electron lons

1639 formula(e) evaluated with 11 results within limits (up to 50 closest results for each mass)
Elements Used:

C:0-50 H:0-100 N:0-10 0:0-25 S:0-2

Minimum: -1.5
Maximum: 5.0 5.0 50.0
Mass Calc. Mass mDa PPM DBE Formula

361.1250 361.1249 0.1 0.3 140 C21HI9N3OS
361.1247 0.3 0.8 11.0 C13H15N904
361.1247 0.3 0.8 55 C14 H21 N2 09
361.1254 -04 -11 15 C7H21 N8 O7 S
361.1256 -06 -1.7 45 C15H25 N2 O4 S2
361.1242 0.8 2.2 5.0 C13 H23 N5 03 S2

361.1260 -10 -28 105 C15H17 N6 O5
361.1262 -12 33 135 C23H2102S
361.1235 1.5 4.2 145 CI19H17N6S

361.1234 1.6 4.4 6.0 C12 H19 N5 O8
361.1267 1.7 47 10 C9H23N508 S
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