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We identified twenty-two new sacubitril derivatives (5a—v) as lead compounds for various biologically active
targets. These compounds were synthesized by reacting an intermediate compound (2R,4S)-5-([1,1'-
biphenyl]-4-yl)-4-(amino)-2-methylpentanoic acid ethyl ester hydrochloride with respective carboxylic
acid (RCOOH). The molecular structures of all the newly synthesized compounds were determined by
'H and *C NMR, ESI mass spectrometry, FTIR spectroscopy, and CHN analysis. Moreover, compound 5n
was characterized by a single-crystal X-ray diffraction (SXRD) study to confirm the structure obtained
from spectral data. All these compounds were screened for various biological functions such as
antifungal, antibacterial, and anti-TB activities. Among these twenty-two compounds (5a-v), some
exhibited good to moderate anti-bacterial properties. Similarly, some compounds showed moderate
anti-TB and antifungal activities. In addition, the anti-TB activity of compound 5q was estimated against
M. tuberculosis in a nutrient starvation model (NSM). Similarly, toxicity was examined against RAW 264.7

rsc.li/rsc-advances

Introduction

A sacubitril derivative, also known as AHU-377 is oa-methyl-c-
amino-d-biphenyl valeric acid and contains two stereocenters."
Sacubitril derivatives are crucial and active pharmaceutical
ingredients mainly used for the treatment of heart failure along
with the combination of valsartan.> The combination of
sacubitril/valsartan in a single crystalline supramolecular
complex is composed of two molecular moieties and is called
LCZ696 and is marketed as Entresto by Novartis.>* In fact, this
supramolecular hybrid LCZ696 complex has been identified to
reduce the risk of death in patients due to cardiovascular arrest or
chronic heart failure. Moreover, the FDA has recently approved
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cells. These biological activity studies were also correlated with molecular docking studies.

the LCZ696 complex as the first dual inhibitor of neutral endo-
peptidase (NEP) and AT1 receptors for angiotensin IL.°

Furthermore, amide and ester-based heterocyclic
compounds are also known to sustain various biological func-
tions such as anti-mycobacterial,*** anticancer,">'* anti-
fungal,"*® and antibacterial activities."” As reported in the
literature, several derivatives of the above-mentioned combi-
nations containing scaffold compounds have been identified to
possess potent antituberculosis activities.'**' In fact, a pyr-
azinamide amide derivative-based first-line anti-TB drug has
already been made commercially available.”* One of the recent
and very successful approaches for drug design and discovery is
the mimicking of multiple biologically active scaffolds in
a single hybrid framework that could exhibit unique and
enhanced biological properties.® In continuation of our
ongoing research'*'*'*'” on the design and synthesis of
a variety of novel heterocyclic hybrid scaffolds to exhibit the
desirable biological activity, the present study is focused on
sacubitril derivatives attached to various organic moieties of
donor and acceptor abilities, and various lengths of alkyl chains
were also synthesized. These derivatives were screened for
various biological activities.

In this study, twenty-two new sacubitril derivatives (5a-v) were
synthesized by reacting ethyl ester hydrochloride derivatives of
(2R,45)-5-([1,1-biphenyl}-4-yl)-4-(amino)-2-methylpentanoic acid
with corresponding carboxylic acids. The molecular structures of

© 2023 The Author(s). Published by the Royal Society of Chemistry
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all the newly synthesized compounds were determined by "H and
C NMR, "°F NMR, ESI mass spectrometry, FTIR spectroscopy,
and CHN analysis. All the newly synthesized compounds were
screened for various biological functions such as anti-fungal,
anti-bacterial, and anti-TB activities. These biological activity
studies were also correlated with molecular docking studies.

Results and discussion

The synthetic pathway of the titled twenty-two new sacubitril
derivatives (5a-v) is projected in Scheme 1. The intermediate
compounds, were synthesized according to our previously re-
ported procedure.? In the first step, (3R,55)-5-([1,1-biphenyl]-4-
ylmethyl)-3-methylpyrrolidin-2-one (1) was reacted with acetic
acid, ethyl acetate and HCI to form (2R,4S)-5-([1,1-biphenyl}-4-yl)-
4-amino-2-methylpentanoic acid (2) with a 94% yield. In the 2nd
step, compound 2 was reacted with the Boc anhydride reagent to

o o Boc
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Scheme 1 Reagents and conditions for the synthesis of the title
compounds (5a-v): (i) acetic acid, EtOAc, HCL, 15 h, 90 °C; (ii) DIPEA,
Boc-anhydride, DCM, RT, 6 h; (i) SOCl,, EtOH, reflux, 18 h; and (iv)
RCOOH, HATU, DIPEA, DCM, 12 h, RT, Ny,

Table 1 Physical data for the titled compounds (5a-v)

Compound code R Yield (%)  M.P. (°C)
5a 2-Bromo-5-fluorophenyl 88 205
5b 2-Chlorobenzyl 92 184
5¢ 2,6-Dimethoxyphenyl 82 217
5d 2-Hydroxyphenyl 91 232
5e 3-Trifluoromethylphenyl 94 201
5f 4-Trifluoromethylphenyl 89 187
58 2-Fluorophenyl 88 179
5h 3,4-Dichlorophenyl 93 214
5i 2,4-Dichlorobenzyl 86 198
5j 2,4,5-Trifluorobenzyl 79 238
5k 3,4,5-Trimethoxybenzyl 90 264
51 4-Fluorobenzyl 86 196
5m Isonicotinoyl 79 223
5n 4-Nitrophenyl 87 228
50 Tetra decanoyl 97 176
5p 1-Boc-piperidine-4-yl 92 204
5q Cyclopropyl 88 187
5r Cyclopentyl 91 197
5s 2-Chloro-5-nitrophenyl 83 235
5t 2-Methyl-4-nitrophenyl 92 217
5u 4-(Cyanomethyl)phenyl 95 184
5v 2-Amino-4-chlorophenyl 87 195
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yield the corresponding (2R,4S)-5-([1,1-biphenyl}-4-yl)-4-((tert-
butoxycarbonyl)amino)-2-methylpentanoic acid, 3. In the 3rd
step, compound 3 was reacted with SOCIl, under refluxed
conditions in EtOH to afford ethyl (2R,45)-5-([1,1-biphenyl]-4-yl)-
4-amino-2-methylpentanoate hydrochloride 4. In the final step,
the coupling reactions of 4 with different carboxylic acids fur-
nished respective amides (5a-v) in excellent yields (Scheme 1).

In addition, in this work, a total of twenty-two new
compounds were synthesized via various substitutions at R
positions in order to exhibit enhanced biological activity
(Scheme 1). However, the desirable compounds (5a-v) were
accomplished in 12 h, with yields ranging between 79 and 97%.
The newly synthesized twenty-two derivatives for different
substituted (R) analogues (5a-v), yields and their melting points
(MPs) are listed in Table 1. 'H NMR, *C NMR, mass spec-
trometry, and elemental analysis were used to determine the
structures of the newly synthesised compounds (5a-v). All the
spectral data for the title compounds (5a-v) are presented in the
Experimental section and (S.I, Fig. S1 to S67).1

X-ray crystal structure

Further, the structures of these newly synthesized compounds
determined by spectral data and elemental analysis were
confirmed by single-crystal X-ray diffraction (SXRD) analysis of
5n. The single crystals of 5n were grown by diffusion method
using a DCM/n-hexane solvent combination. The ORTEP
diagram for 5n is shown in Fig. 1 (SXRD data table provided in
Table S1, S.I, CCDC 2168484),T which is in agreement with the
structure determined by spectral data. Compound 5n crystal-
lized in an orthorhombic crystal system with a space group of
P2, (no. 4). In the SXRD structure, the asymmetric unit contains
one formula unit (C,,H,sN,0Os), without any solvent molecules
in the crystallization.

Biological activity study

In vitro anti-mycobacterial activity. For in vitro anti-
tuberculosis activity, the Microplate Alamar Blue Assay
(MABA) method against Mycobacterium tuberculosis (Mtb) H37Rv
(ATCC27294) was employed on all the new twenty-two deriva-
tives (5a-v). The detailed MABA assay**>® is described in the
Experimental section of S.I.1 In this assay, ethambutol, rifam-
picin, and isoniazid were clinically used as reference drugs for
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Fig. 1 Single-crystal X-ray diffraction (SXRD) structure ORTEP (50%
probability and hydrogen atoms are omitted for clarity) of compound,
5n.
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Table 2 Anti-TB activity data (MIC and cytotoxicity % of inhibition against RAW 264.7) of selected compounds (5a—v)*
Cytotoxicity (% of inhibition) against RAW 264.7
Anti-TB activity

Compound code MIC (ug mL™Y) 10 pg mL ™! 25 pug mL ™ 50 pg mL ™! 100 pg mL™*
5k 12.5 8.93 + 0.87 22.40 £+ 0.90 37.93 +£1.37 69.88 £ 0.90
5p 12.5 6.36 + 0.91 14.93 £ 0.60 28.88 +1.24 51.78 £ 0.91
5q 6.25 6.40 £+ 0.72 17.79 £ 0.71 30.61 £ 0.71 55.77 £ 1.09
Ethambutol 1.56 — — — —
Rifampicin 0.78 — — — —

Isoniazid 0.19 — — — —

% Compounds 5a-5j, 51-50 and 5r-5v exhibited anti-TB activity with MIC > 25 pg mL™".

the comparison of minimum inhibitory concentration (MIC)
values, and these values were determined as duplicates for each
compound and expressed in pg mL ™', and the results are
summarised in Table 2. As shown in Table 2, the screened
compounds displayed good to poor anti-TB activity with MIC
values in the range of 6.25 to >25 pg mL™'. Among all the
twenty-two new sacubitril-based derivatives (5a-v), compound
5q exhibited potent anti-TB activity with a MIC value of 6.25 pg
mL~". When compared to the standard drugs ethambutol (1.56
pg mL~Y), rifampicin, (0.78 pg mL ") and isoniazid (0.39 pg
mL "), and the compounds 5k and 5p exhibited significant anti-
TB activity with the same MIC values of 12.50 pg mL™". The
remaining compounds showed poor anti-TB activity.
Antituberculosis nutrient starved model (NSM) assay. For
the NSM assay, the Mth (H37Rv genome) culture was success-
fully undernourished in phosphate-buffered saline (PBS) for 42
days.* The test sample 5q, at a concentration of 10 pug mL ™",
was evaluated for its activity for 7 days relative to the standard
dormant stage captured bacteria. The sample plates were
incubated at 37 °C for 28 days. For the analysis, wells with
hallucinatory bacterial gathering were subsumed as positive.
The MPN values were determined using standard statistical
methods (SSMs), as reported previously.® In addition, the
selected 5q sample was screened against the NSM dormant TB
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Fig. 2 Active Mtb compound NSM values for compound 5q, bacterial
count estimated (mean + S.D., n = 3) using the MPN assay (two-way
ANOVA “GraphPad” prism software was used). Compound 5q exhibi-
ted positive inhibition of growth compared to the control growth (p <
0.0001; left). The percentage of inhibition on the RAW 264.7 cell line at
four different concentrations of three compounds 5k, 5p and 5q (right)
indicated promising anti-TB activities.
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model. In this method, surprisingly, compound 5q exhibited 6.4
log lower bacterial counts compared with the two standard
drugs, rifampicin and isoniazid (Fig. 2). From these results, we
can conclude that compound 5q showed good frail active stages
along with the dormant forms of Mtb. Indeed, this behaviour of
sample 5q is very imperative for reducing the therapy period for
anti-TB drugs.

Toxicity assay. Three compounds, namely, 5k, 5p, and 5q
showed promising anti-TB activity, were examined for their
safety profiles using a cytotoxicity study on normal human RAW
264.7 cells at the concentration levels of 10, 25, 50, and 100 pg
mL~'.>2 The % cytotoxicity inhibition values of 5k, 5p, and 5q
are projected in Fig. 2 (right). The observed ICj, values for the
three compounds 5k, 5p, and 5q are 69.25, 95.09, and 87.97
respectively, as shown in Table 3. In fact, the cytotoxic inhibi-
tion percentages of the three compounds are low, indicating
that these three compounds do not affect the normal human
immune system, and hence, they could be potential candidates
as anti-Tb drugs.

Antifungal activity. Candidiasis is a fungal infection caused
by Candida albicans.””*® 1t is an acute or chronic, superficial or
deep infection with a very broad clinical spectrum. All the test
compounds were screened for antifungal activities against
Candida albicans (ATCC 10231), and the activity was evaluated
by measuring the inhibition zone diameter around the well and
was recorded in mm. Among all these twenty-two compounds
(5a-v), two compounds, namely, 5b and 5n showed moderate
activity in the concentration (ug mL™") range of 75 and 100, by
using potato dextrose agar media (Hi-media), as shown in Table
4 (S.I, Fig. S687). The activity was compared with that of stan-
dard antifungal agents fluconazole, griseofulvin and nystatin.

Anti-bacterial activity. Antibacterial activity was measured
directly by an agar diffusion method."”*° Sterile Petri plates with

Table 3 Anti-TB activity with ICsq values

Compound code 1C50 UM
5k 69.25
5p 95.09
5q 87.97
Ethambutol —
Rifampicin —
Isoniazid —

© 2023 The Author(s). Published by the Royal Society of Chemistry
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Table 4 Anti-fungal activity of the titled compounds (5a—v)“

Zone of inhibition (mm) Candida albicans

Compounds 75 (ug mL ™) 100 (ug mL™)
5b 10.66 + 0.57 12.66 + 0.57
5n 12.33 £ 0.57 14.33 + 0.57
Fluconazole 15.66 £ 0.57 21.0 + 1.0
Griseofulvin 20.66 + 0.57 23.33 £ 0.57
Nystatin 21.33 £+ 0.57 25.0 £ 1.0

“ Data are presented as mean =+ standard deviation (n = 3).

90 mm diameter and 15 mm height were taken and filled with
25 mL of freshly prepared sterile nutrient agar medium (Hi-
media) and kept for solidification for 15-20 min. The plates
were inoculated with 1 x 10® CFU mL ™" of E. coli (MTCC 9721),
P. aeruginosa (MTCC 9800), S. aureus (MTCC 11949), and B.
subtilis (MTCC 10010) cultures. The inoculated agar medium
was punched with 6 mm-diameter wells, filled with 100 pg mL "
of test compound and incubated at 37 °C for 24 h in an

Table 5 Antibacterial activity of the titled compounds (5a—v)“
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incubator. The activity was compared with positive (tetracycline
30 pg per disc, ampicillin 10 pg per disc, gentamycin 10 pg per
disc) and negative (DMSO) controls. The activity was deter-
mined by measuring the zone of inhibition in mm. Among
these twenty-two compounds, nine showed good antibacterial
activity, and the data are presented as mean =+ standard devia-
tion (n = 3) in Table 5.

Similarly, minimum inhibitory concentration (MIC) values
were determined by a microbroth dilution method using
a resazurin indicator.” For this, in the first step, a test solution
of 100 pL (1% w/v) was added to the first row of wells, and other
wells were filled with 50 uL of sterile nutrient broth. In the
second step, 50 pL of test solution was transferred from the first
well to the next well and so on for serial dilutions. Later,
respective bacterial suspension (10 pL) and resazurin (0.02%) of
30 uL were added. At the final step, the test plates were covered
and incubated at 37 °C for 24 h. All the MIC values are
summarized in Table 6 (S.I, Fig. S69 and S707).

Molecular docking study. For the structure-based drug
design, the molecular docking method is one of the most
important and frequently used tools. Usually in this study, the

Compound (100 pg mL™") Zone of inhibition (mm)

P. aeruginosa

Compounds E. coli (MTCC 9721) (MTCC 9800) S. aureus (MTCC 11949) B. subtilis (MTCC 9800)
5b 14.33 £ 0.57 22.66 £+ 0.57 21.33 £ 0.57 18.66 £ 0.57
5c 11.66 £ 0.57 15.33 £ 0.57 15.66 £ 0.57 11.66 £ 0.57
5g 13.66 £ 0.57 17.66 £ 0.57 19.33 £ 0.57 15.33 £ 0.57
51 10.66 £ 0.57 16.66 £ 1.15 16.66 £ 0.57 12.33 £ 0.57
51 13.33 £ 0.57 16.66 £ 0.57 15.66 £ 1.52 12.66 £ 0.57
5m 11.33 £ 0.57 18.33 £ 0.57 19.33 £ 0.57 14.33 £ 0.57
5n 17.66 £ 0.57 25.0 £+ 1.0 21.0 + 1.0 18.33 £ 0.57
5p 13.66 £ 0.57 19.33 £ 0.57 19.66 £ 0.57 13.66 £ 0.57
5u — 13.33 £ 0.57 12.66 £ 0.57 12.66 £ 0.57
Tetracycline (30 pg mL™Y) 25.0 & 1.0 32.33 + 0.57 29.66 + 0.57 22.33 + 0.57
Ampicillin (10 pg mL™Y) 14.33 + 0.57 11.33 + 0.57 13.33 + 0.57 12.66 + 0.57
Gentamicin (10 pg mLfl) 21.33 £ 0.57 18.33 £ 0.57 20.66 £ 0.57 19.66 £ 0.57
“ Data are presented as mean =+ standard deviation (n = 3).
Table 6 Minimum inhibitory concentration of the titled compounds (5a-v)
Compound
(100 pg mL™") Minimum inhibitory concentration (ug mL ™)
E. coli P. aeruginosa S. aureus B. subtilis
Compounds (MTCC 9721) (MTCC 9800) (MTCC 11949) (MTCC 9800)
5b 12.5 3.125 3.125 6.25
5¢ 25 12.5 12.5 25
5g 25 6.25 6.25 12.5
5i 25 12.5 12.5 25
51 25 12.5 12.5 25
Sm 25 6.25 6.25 12.5
5n 6.25 3.125 3.125 6.25
5p 25 6.25 6.25 25
5u 50 25 25 25

© 2023 The Author(s). Published by the Royal Society of Chemistry
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binding affinities of small drug molecules were calculated with
respect to the target binding sites of the biological receptors."”*°
The molecular docking in silico studies of all twenty-two sacu-
bitril derivatives (5a-v) were performed against the enzyme
receptor target oxidoreductase enzyme nicotinamide adenine
dinucleotide phosphate (NADPH) using AutoDock Tools (ADT)
version 1.5.6 and AutoDock version 4.2.5.1. This group of
enzyme receptors usually employ nicotinamide adenine dinu-
cleotide phosphate (NADP, NADP+ or NADPH) as a cofactor.
This enzyme receptor performs several enzymatic electron
transfer reactions along with the generation of free radicals in
immune cells. In fact, these radicals could be useful for the
destruction of the pathogens termed respiratory bursts. More-
over, NADPH also furnishes the reducing equivalents for
biosynthetic reactions and is antagonistic against the toxicity of
reactive oxygen species (ROS), which allows the regeneration of
GSH.

In this context, the NADPH target receptor was selected for
our docking study protocol. The molecular docking binding
energies of all twenty-two (5a-v), derivatives against NADPH
protein receptors are presented in Table 7. Most of the
compounds exhibit good binding energies, and compounds 5m
and 5n showed the highest binding energies of —10.19 and
—10.18 kecal mol ', respectively. The ligand interaction with
protein amino acid residues of compound 5m is illustrated in
Fig. 3. These docking studies have shown a good correlation
with antibacterial studies.

Table 7 Binding energies of sacubitril derivative (5a—v) inhibitors
against receptor oxidoreductase enzyme nicotinamide adenine dinu-
cleotide phosphate (NADPH) protein amino acid residues

Binding energies (kcal mol )

NADPH (PDB ID 5B1Y)

No.of H  Residues involved
Compound  Binding energy  bonds in bonding
5a —8.38 03 GLY91, ILE15, LEU93
5b —9.85 03 GLY91(2), LYS159
5¢ —8.14 01 VAL188
5d —8.65 03 SER36, LYS35, GLY91
5e -7.75 03 TRY155, LYS159, GLY91
5f —8.89 03 GLY91, ILE15, VAL63
5g —-9.59 03 ARG13, SER12, ARG37
5h —8.29 03 LYS159(2), ALA89
5i —8.75 01 LYS159
5j —9.25 02 TYR155, LYS159
5k —7.34 02 TYR155, LEU93
51 —8.27 01 LYS159
5m —-10.19 02 LYS159, GLY91
5n —10.18 03 SER141, PRO185, LEU93
50 —9.53 02 LYS35, SER12
5p —9.34 02 LYS159, ARG13
5q —7.40 03 LYS159, TYR155
5r —8.09 03 GLY91, LYS159, ILE15
58 —8.63 03 LYS159(2), ILE15
5t —8.52 03 GLY10, LYS35, SER36
5u -8.71 03 GLY91, ALAS89, LYS35
5v —8.48 03 ILE15, THR190, VAL188

13544 | RSC Adv, 2023, 13, 13540-13546
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Fig. 3 Molecular docking (MD) interactive profile of compound 5m
(ball-and-stick model) showing its interactive H-bonding map (black
dotted lines) with the receptor NADPH protein amino acid residues
(stick model).

The structure-activity correlation (SAC) of all the twenty-two
newly synthesized compounds (5a-v), is described as follows.
Overall, the sacubitril derivatives with donor groups such as 5k,
5p and 5q showed anti-Tb activity. Moreover, our cytotoxicity
determination of lead compounds such as 5k, 5p, and 5q on
normal human RAW 264.7 cells illustrated that these
compounds are non-toxic to human cells and could be potential
candidates as new anti-TB drugs. The compounds with acceptor
groups such as 5b and 5n exhibit anti-fungal activities. Further,
more compounds (5b, 5¢, 5g, 5i, 51, 5m, 5n, 5p and 5u) exhibited
good to moderate antibacterial activities compared with the
selected references. Among the nine compounds, 5m (iso-
nicotinoyl) has the best antibacterial activity performance, and
the values are close to the reference. These results also corre-
lated with the docking studies using the oxidoreductase enzyme
nicotinamide adenine dinucleotide phosphate (NADPH), where
5m, showed the highest binding of —10.19 kcal mol™".

Conclusions

We have identified twenty-two new sacubitril derivatives (5a-v)
as lead compounds for different biologically active molecules.
These compounds were synthesized from (2R,45)-5-([1,1-
biphenyl]-4-yl)-4-(amino)-2-methylpentanoic acid ethyl ester
hydrochloride with the corresponding carboxylic acid. The
molecular structures of all the newly synthesized compounds
were determined by 'H and '>C NMR, ESI mass spectrometry,
FTIR spectroscopy and CHN analysis. Moreover, compound 5n
was characterized by a single-crystal X-ray diffraction study,
which confirmed the structure obtained by spectral data. All
these compounds were screened for various biological func-
tions such as anti-fungal, anti-bacterial and anti-TB activities.
Among these twenty-two compounds (5a-v), some compounds
exhibited good to moderate anti-bacterial properties. Similarly,
some compounds showed moderate antifungal and anti-TB
activities. Further, anti-TB active compound 5q was examined
against M. tuberculosis in the NSM, and the toxicity of
compounds 5k, 5p, and 5q was evaluated against normal

© 2023 The Author(s). Published by the Royal Society of Chemistry


http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d3ra00713h

Open Access Article. Published on 03 May 2023. Downloaded on 2/12/2026 12:05:47 AM.

Thisarticleislicensed under a Creative Commons Attribution-NonCommercial 3.0 Unported Licence.

(cc)

Paper

human RAW 264.7 cells, finding that they are non-toxic to
human cells. These biological activity studies were also corre-
lated with molecular docking studies. This study could provide
a roadmap for the synthesis and identification of new sacubitril
derivatives as lead compounds for antibacterial, antifungal, and
antitubercular (TB) activities against dormant tuberculosis.

Experimental section

The melting points (MPs) for all the compounds used in this
study were recorded in capillary tubes using an Elchem lab
melting point apparatus and the reported values were uncor-
rected. The 'H and *C NMR spectra were recorded using
a Bruker FT-NMR spectrometer at 400 MHz and 75 MHz,
respectively in CDCl; and DMSO solvents with TMS as an
internal reference. The chemical shift values were reported in
parts per million (6 ppm) from internal standard TMS. FT-IR
spectra were recorded using a Cary 630 FT-IR Spectrometer
with Diamond ATR (Agilent Technologies, USA). All the reagents
used in this work were purchased from Sigma-Aldrich and used
as received without any further purification. Silica gel 60F,s,
coated aluminium sheets were used for thin-layer chromatog-
raphy (TLC) plates and the spots on TLC plates were visualized
by UV illumination, heating the plates dipped in KMnO, stain
and exposure to iodine vapour. The organic extracts were dried
over anhydrous Na,SO, and purification was carried out by
column chromatography using silica gel (230-400 mesh).

General procedure and spectral data for compound
preparation of (5a-v)

Under an N, atmosphere, a stirred solution of compound (4) in
dry dichloromethane at room temperature was added simulta-
neously to Hexafluorophosphate Azabenzotriazole Tetramethyl
Uronium (HATU) and DIPEA, and after five minutes, the
respective carboxylic acids were added to the mixture. Later, the
reaction mixture was stirred for 12 hours. After the completion
of the reaction, the reaction mixture was diluted with an excess
of DCM and washed with a saturated bicarbonate solution fol-
lowed by a brine solution. Later, the organic layer was dried with
a sodium sulphate filter and concentrated completely under
vacuum. The titled compounds (5a-v) were obtained in good
yields by purifying the crude product by column chromatog-
raphy with an ethyl acetate: hexane solvent mixture.

In silico molecular docking study. Molecular docking was
performed using the AutoDock Vina software.” The crystal
structures of the applied proteins were extracted from the RCSB
Protein Data Bank. All the proteins were first prepared and
cleaned using BIOVIA Discovery Studio 2020 (ref. 30) and
AutoDock tools.** All the ligand structures were optimized
employing the Gaussian09 software package. The docked poses
were analyzed and visualized in BIOVIA Discovery Studio 2020.*
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