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In 2022, Jang et. al., crafted 36 varied structural variants of a-ketoamides with a yield
reaching 98%. They employed a single-step technique that combined a-keto acids and amines,

using ynamides as coupling agents (Scheme 1.8) [141].
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Scheme 1.8. One pot synthesis of a-ketoamides by using ynamides as coupling agents.

In 2023, Wang et. al., synthesized thirty-eight derivatives of o-ketoamides from
sulfoxoniumylides and secondary amines by using copper catalyst [142]. This approach
accommodated aryl, heteroaryl, and tert-butylsulfoxoniumylides, leading to a diverse range of

a-ketoamides with favorable yields (Scheme 1.9).
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Scheme 1.9. Synthesis of a-ketoamides from sulfoxoniumylides and secondary amines by

using copper catalyst.
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exploration of various heterocyclic derivatives of a-ketoamides as potential therapeutic agents

against AD.
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AP aggregation kinetics. Notably, compound MDO08 emerged as a particularly potent molecule
in this context. Pharmacokinetic studies further elucidated the solubility and permeability
characteristics of compound MDO08. Additionally, at a concentration of 100 uM, MDO08
exhibited the capacity to inhibit the heparin-induced tau protein aggregation. This inhibitory
effect was magnified when the concentration was raised to 200 puM, indicating a dose-
dependent inhibition of tau aggregation. Cytotoxicity assays conducted using MTT assay in
SHSYS5Y cell line didn’t show any major toxicity. Further in vivo studies conducted on Af-
injected models suggested that compound MDO08 may enhance cognitive functions, especially
when administered at a dosage of 10 mg/kg. An in silico ADME assessment was conducted on
all the compounds, shedding light on the various drug-like properties of the synthesized
molecules. Additionally, molecular docking and dynamic studies provided insights into the
binding interactions and the stability of the ligand when in the presence of AP and tau peptides.
Quantum chemical calculations pertaining to MDO8 also elucidated its electronic and thermal
properties. To conclude, this study accentuates the potential of MDO08 as a noteworthy lead
compound, meriting further exploration and development. Additionally, the findings strongly
advocate for a comprehensive investigation into the heterocyclic derivatives of a-ketoamides

as prospective therapeutic agents against AD.
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1H, BC{1H} NMR spectra of compound BD01
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'H, BC{1H} NMR spectra of compound BD02
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'H, BC{1H} NMR spectra of compound BD03
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'H, BC{1H} NMR spectra of compound BD05
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'H, BC{1H} NMR spectra of compound BD06
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'H, 3C{1H} NMR spectra NMR of compound BD07
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'H, BC{1H} NMR spectra of compound BD08
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'H, BC{1H} NMR spectra of compound BD09
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'H, BC{1H} NMR spectra of compound BD10
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'H, BC{1H} NMR spectra of compound BD12
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'H, BC{1H} NMR spectra of compound BD13
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'H, BC{1H} NMR spectra of compound BD15
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1H, BC{1H} NMR spectra of BD16
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1H, BC{1H} NMR spectra of BD18
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1H, BC{1H} NMR spectra of BD19
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1H, BC{1H} NMR spectra of BD20
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1H, 8C{1H} NMR spectra of BD21
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1H, BC{1H} NMR spectra of BD22
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1H, BC{1H} NMR spectra of BD23
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1H, 8C{1H} NMR spectra of BD24
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1H, BC{1H} NMR spectra of BD25
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HRMS of Compound BD01
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HRMS of Compound BDO03

IDA Survey from BD-06_Mr. Rave...nt 1, +IDA TOF MS (100 - 1000) TIC from BD-06_Mr. Ravendra.wi..nt 1, +IDA TOF MS (100- 1000) Spectrum from BD-06_Mr. Ravend...MS (100 - 1000)from 0.053 min
AEL-%- Ao -laa i @RABEE
Spectrum from BD-06_Mr. Ravendra witf2 (sample 1) - BD-06, Experiment 1, +IDA TOF MS (100 - 1000) from 0.053 min

ol +§

1355 ¥270.0303 (1)
1.30e5
1.25¢5 “239.1629 (1)
12065
1.15e5
1.10e5
1.05e5

248.0487 (1)

272.0284 (1)

~269.1379 (1) S5 G
35064 ; 279.0960 (1)
3.00e4 “269.2031 (1)
~250.0464 (1)

~285.0814 (1)
-

2401672(1) 2791617 (1)

“261.1508 (1) _+262.0654 (1) 22009% (1)
T

100@4* TL
zzz::nLLA.i i Lok X ke LulLAi L hlﬂ- Luuhl;‘. lkhku L

L
2?23 2% 28 240 242 244 246 248 250 252 254 26 288 260 262 264 266 268 200 272 24 206 78 280 282 284 286
MassiCharge, Da

Mt 25 1)

LW
Tod
ol
w 1
S 0098 1)
'
i

WA(1)
e naa(m

o 110%8(1)

0ed . al L LN s "\...kn 4 . . ot tﬂh N A A

We o W6 M WO W2 M W6 W W0 M2 Ms W6 M B TR T T T T T
Mass/Charge. s

-~

305



Annexure-|

HRMS of Compound BD05
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HRMS of Compound BD09
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HRMS of Compound BD13
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HRMS of Compound BD15
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HRMS of Compound BD19
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HRMS of Compound BD21
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HRMS of Compound BD23
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HRMS of Compound BD25
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HRMS of Compound BD27

1DA Survey from BD-38_Mr. Ravi..nt 1, +IDA TOF MS (100 - 1000) TIC from BD-38_Mr. Ravindra Ku..nt 1. +IDA TOF MS (100 - 1000)

BELr - %o A
Spectrum from BD-38_Mr. Ravindra Kumar wiff2 (sample 1) - BD-38, Expenment 1, +1DA TOF MS (100 -
21e6

20e6

1.9¢6

1.8¢6

176

1666

15e6

14e6

136

12e6

1.1e6

1.0e6

Intensity, cps

9065
8065 3721540 (1)
7065
60e5 3711598 (1)
5065
4065
305
20e5 373.1585(1)

1761437 (1) Sz
1065 “201.1424 (1) -333.3433 (1)
1

" 7.1475(1) “284.0972 (1)
< 149.0239 (1) X AP A 0

1000) from 0.103 to 0.153 min

Paro1s50(1)

“3921372(1)

3341361 (1)

3931422 (1)

95,1406 (1)

"437.2894 (1)
\L \ ~465.3207 (1)
A ul

Spectrum from BD-38_Mr. Ravind... 1000) from 0.103t0 0.153 min

“761.289 (1)

7632888 (1)
7622942 (1)
542924 (1)
766.2910(1)

*739.30%2 (1)
. 6854382 (1)
e63465 () " 2403127 1)
5747058(2)  *632.1434(1) N ’kk

Annexure-|

150 200 250 300 350

HRMS of Compound BD28

400 450

550 500 650 700 7 830 850
Mass/Charge, Da

®l+fH

IDA Survey from BD-47_Mr. Ravi..nt 1. +IDA TOF MS (100- 1000)  TIC from BD-47_Mr. Ravindra Ku...nt 1. +IDA TOF MS (100- 1000) Spectrum from BD-47_Mr. Ravind...MS (100 - 1000) from 0.102mn

BEA - %o g

Spectrum from BD-47_Mr. Ravindra Kumar wiff2 (sample 1) - BD-47, Experiment 1. +IDA TOF MS (100 - 1000) from 0,102 mn

70e5

6.0e5

Intensity, cps
3

3852838 (1)

“338.3421 (1)

1 3011414 (1)
s *176.1435 (1)

3.2661 (1)

*3833156 (1)

“437.2851 (1)
4920146 (1)

“465.3170 (1)

4382905(1)

42327 (1)

381.2981 (1)

4940122 (1)

“496.0113(1)

'515.9948 (1)

“517.9943 (1)

\SU”‘TH'

16,0414 6634542 (1)
515.0037 (1)

19.0000 (1)

100309 (1) l
i alola

“987.0212(1)
|

*989.0208 (1)
~985.0239(1)

9880263 (1)

986.0290(1)
991.0241(1)

550 600 650 70 750 800 850
Mass/Charge. Da

317

®l+§



Annexure-|

HPLC Data
Calibration curve and HPLC chromatogram obtained from HPLC analysis for compound
BD23

The calibration curve for hit compound BD23 was obtained by RP-HPLC by using the
instrument Agilent 1260 infinity 1l and the solvent system used acetonitrile and water ratio

90:10. Column specification: Poroshell 123, EC C18 4um, 4.6*150mm.

40000
v =284.93x+7447.6
35000 R® = 0.9975
30000
-
- 25000
E 0000
1]
2 15000
q -
10000 e
5000
0
0 20 40 60 80 100 120
Concentration (uM)

318



Annexure-|

Single Injection Report 5 %
- Agilent

Data file: BD23_6.2520221205 061805.dx
Sequence Name: BD23_23_2320221205 060924 Project Name: HPLC
Sample name: BD23_6.25 Operator: SYSTEM (SYSTEM)
Instrument: HPLC Injection date: 2022-12-05 06:19:01+05:30
Inj. volume: 20.000 Location:
Acq. method: BD-23.amx Type: Calibration
Processing method: bhanu2.pmx Sample amount: 0.00
Manually modified: Manual Integration

DAD1A Sig=220,4 Ref=off
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400
— |

g
EeEs
<A ”3.927

45 50 55 60 65 70 75 80 85 90 95 100
Time [min]

0 05 10 15 20 25 30 35

»
o

Signal: DAD1A,Sig=220,4 Ref=off
RT [min] Type  Width [min] Area Height Area% Name
2999 MMm 0.35 1522463 2855.00 96.46
3927 MMm 0.28 557.96 79.57 3.54
Sum 15782.59
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1H, BC{1H} NMR Spectra of Compound MDO01
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1H, BC{1H} NMR Spectra of Compound MDO02
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IH, BC{1H} NMR Spectra of Compound MDO03

NMR Data 2
155_BRD-04_CDO3
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1H, BC{1H} NMR Spectra of Compound MD-04
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H, 3C{1H} NMR Spectra of Compound MD05
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'H, 8C{1H} NMR Spectra of Compound MDO06

Annexure-I|

NMR Data 2
10000298_BRD-16_CDd3
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IH, BC{1H} NMR Spectra of Compound MD07
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1H, BC{1H} NMR Spectra of Compound MDO08

NMR Data 2
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Annexure-I|

1H, BC{1H} NMR Spectra of

Compound MDO09

NMR Data 2
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Annexure-I|

1H, BC{1H} NMR Spectra of Compound MD10

NMR Data 2 (~34000
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1H, BC{1H} NMR Spectra of Compound MD1

Annexure-I|

NMR Data 2
10000298_BRD-19_CDQO3
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Annexure-I|

1H, BC{1H} NMR Spectra of Compound MD12
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Annexure-I|

IH, BC{1H} NMR Spectra of Compound MD13

NMR Data 2
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Annexure-I|

1H, BC{1H} NMR Spectra of Compound MD14
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Annexure-I|

IH, BC{1H} NMR Spectra of Compound MD15
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1H, BC{1H} NMR Spectra of Compound MD16

Annexure-I|

NMR Data 2
263_BRD-09_CDO3
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1H, BC{1H} NMR Spectra of Compound MD17

Annexure-I|

NMR Data 2
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IH, BC{1H} NMR Spectra of Compound MD18

Annexure-I|

NMR Data 2
10000305_BRD-13_CDO3
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Annexure-I|

1H, BC{1H} NMR spectra of Compound MD19
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Annexure-I|

1H, BC{1H} NMR Spectra of Compound MD20
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Annexure-I|

1H, BC{1H} NMR Spectra of compound MD21
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1H, BC{1H} NMR Spectra of Compound MD22

Annexure-I|

NMR Data 2
10000305_BRD-21_CDO3
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Annexure-I|

IH, BC{1H} NMR Spectra of Compound MD23
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Annexure-I|

1H, BC{1H} NMR Spectra of Compound MD24
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HRMS of MDO1
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HRMS of MD03
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HRMS of MD17
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HRMS of MD19

b [Mag6.1517 (1)
12505
1.20e5
1.15¢5
1.10e5
1.05¢5
1.00e5
9.50e4
8004
8.50e4
8.00e4
750e4

7.00e4

s
z

6.50e4

5.00e4
4 50ed.
40084
et 387.1554 (1)
30084
25084
20084 “148.0237 (1)
15084

3383421 (1)
1.00et 4081342 (1)
'

so0e J
. T Mo I Ry 3 W T - "
150 200 250 00 50 400 450 500 550 800 650 700 750 200 850 800 850
Mass/Charge, Da

HRMS of MD20

et 369.1857 (1) &
56ed
et
52et

22et
30et
28e8

Intensty, cps

2664
2eet
220t
258 70,1989 (1)
18et

Tdet
1268
106t
B0e3
6063
4083 3m.2028(1)

20e3 383 1047 (1) J 3722008 (1)
0™ A A ; . W A

365 %70 %75 %80 %35 3630 %95 3700

305 710 s 20 s 3730 s 740 3745 750
Mass/Charge, Da

353



Annexure-I|

HRMS of MD21
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HRMS of MD23
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Calibration curve and HPLC chromatogram obtained from HPLC analysis for
compound MDO08

The calibration curve for hit compound MDO08 was obtained by RP-HPLC by using the
instrument Agilent 1260 infinity Il and the solvent system used acetonitrile and water ratio
90:10. Column specification: Poroshell 123, EC C18 4um, 4.6*150mm.
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Single Injection Report

Data file: MD08

Sequence Name: MDO8_11-07_2320221209 Project Name: HFLC

Sample name: MDO8 Operator: SYSTEM (SYSTEM)
Instrument: HPFLC Injection date: 2022-12-09 03:49:32-08:00
Inj. volume: 20.000 Location:

Acq. method: ketoamide amx Type: Calibration

Processing method: bhanu2 pmx Sample amount: 0.00

Manually modified: Manual Integration

DAD1A Sig=220.4 Ref=off

maU

=
heabi
|

T T T T T T T
45 5.0 5.5 6.0 8.5 7.0 EE-] 8.0 8.5 a0 85 100
Time [min]

[=]
[=]
[=]
[4]
-
[=]
-
o
I
o
[
o
w
[=]
w
o
S
[=]

Signal: DAD1A,Sig=220,4 Ref=off
RT [min] Type Width [min] Area Height Area
2.987 MM m 0.44 6975.62 1714.50 97.56
4.300 MM m 0.35 174.43 26.87 244
Sum 7150.04
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ABSTRACT

Several a-ketoamides from natural as well as synthetic sources have been shown to possess multitude
of biological activities due to their versatile nature and presence of multiple reactive centres giving them
both electrophilic and nucleophilic characters. This makes them a key scaffold in chemistry and chemical
biology. In this paper, we have reported the synthesis of N-benzyl-4-(4-chlorophenyl)-2-oxobutanamide
(1) from B,y -unsaturated «-hydroxythioester. Single crystal X-ray diffraction study was performed to de-
termine the three-dimensional (3D) structure of the compound 1. Further, the 3D structure was optimised
through DFT calculations using B3LYP/6-311G(d,p) basis set, followed by FTIR and NMR spectra calcula-
tion. The wavelength of maximum absorbance (A) and the band gap energy of compound 1 were derived
for methanol using the TD-DFT/6-311G(d,p) approach and compared to experimental results. The different
intermolecular and intramolecular interactions such as H-O, H-ClI, H-C, H-N, and other possible interac-
tions in the crystal structure were explored using Hirsfeld surfaces analysis and fingerprint plots. Addi-
tionally, Coulomb energy, dispersion energy, total energy, and total energy annotated were calculated by
energy framework calculations demonstrating that electrostatic and repulsion forces are relevant to the
topology of the overall interaction energies in the crystal. Finally, from the DFT optimized structure, the
molecular electrostatic potential (MEP) map and Mulliken charges were generated and the natural bond
(NBO) analysis was performed in order to investigate the interaction between various orbital and lone
pairs occurring within the compounds. Based on the geometric and spectroscopic parameters, the ex-
perimental and theoretical results were indistinguishable. Additionally, in vitro amyloid beta 1-42 (AB42)
aggregation assay revealed that the compound 1 modulated the aggregation profile of AB4, and the MTT
cellular cytotoxicity assay showed that the compound is not toxic to cells. Further, molecular docking
study resulted in the determination of interaction of compound 1 with the ABy, fibrils. In summary, the
present work can be helpful for the design, and synthesis of novel «-ketoamides as potential modulators
of amyloid beta aggregation.

© 2022 Elsevier B.V. All rights reserved.

1. Introduction

It contains reactive ambident electrophile and nucleophile moi-
ety, displaying two possible nucleophilic reaction sites together

o-Ketoamide is a privileged motif as well as the key inter-
mediate in medicinal, synthetic chemistry, and chemical biology.

Abbreviations: AD, Alzheimer’s disease; PLAAT, Phospholipase and acetyltrans-
ferase; A, Amyloid beta; APP, AB precursor protein; TMS, Tetramethylsilane; HS,
Hirshfeld Surface; MEP, Molecular electrostatic potential; FMOs, Frontier molecular
orbitals; MPA, Mulliken population analysis; NBO, Natural bond orbital.

* Corresponding author.
E-mail address: rajnish.phe@iitbhu.ac.in (R. Kumar).

https://doi.org/10.1016/j.molstruc.2022.134782
0022-2860/© 2022 Elsevier B.V. All rights reserved.

with two electrophilic centers, whose reactivity can be augmented
through the selection of specific activation modes [1]. Many nat-
ural products contain «-ketoamide in their main scaffold owing
the potential therapeutic efficacy motivating researchers to de-
sign a-ketoamide derivatives to develop compounds tailored to in-
teract with different biological targets for providing therapeutics
for the clinical management of a number of pathological condi-
tions [2,3]. In another word, 1,2-dicarbonyl compounds are im-
portant life-related structures that are abundantly found in nat-
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Abstract

Alzheimer’s disease (AD) is a severe, growing, multifactorial disorder affecting millions of people worldwide character-
ized by cognitive decline and neurodegeneration. The accumulation of tau protein into paired helical filaments is one of the
major pathological hallmarks of AD and has gained the interest of researchers as a potential drug target to treat AD. Lately,
Artificial Intelligence (AI) has revolutionized the drug discovery process by speeding it up and reducing the overall cost. As
a part of our continuous effort to identify potential tau aggregation inhibitors, and leveraging the power of Al, in this study,
we used a fully automated Al-assisted ligand-based virtual screening tool, PyYRMD to screen a library of 12 million com-
pounds from the ZINC database to identify potential tau aggregation inhibitors. The preliminary hits from virtual screening
were filtered for similar compounds and pan-assay interference compounds (the compounds containing reactive functional
groups which can interfere with the assays) using RDKit. Further, the selected compounds were prioritized based on their
molecular docking score with the binding pocket of tau where the binding pockets were identified using replica exchange
molecular dynamics simulation. Thirty-three compounds showing good docking scores for all the tau clusters were selected
and were further subjected to in silico pharmacokinetic prediction. Finally, top 10 compounds were selected for molecular
dynamics simulation and MMPBSA binding free energy calculations resulting in the identification of UNK_175, UNK_1027,
UNK_1172, UNK_1173, UNK_1237, UNK_1518, and UNK_2181 as potential tau aggregation inhibitors.

Keywords Alzheimer’s disease - Tau aggregation inhibitors - Artificial intelligence - PyRMD - Molecular dynamics -
Replica exchange molecular dynamics - MMPBSA

Introduction

Alzheimer’s disease (AD) is a multifactorial disorder that
affects millions of people worldwide and is characterized
by severe cognitive impairment, neurodegeneration, and
other behavioural changes [1, 2]. According to the World
Alzheimer’s report 2019, 80% of the population is con-
cerned about developing AD, and there is a general per-
ception that this disease is incurable. Due to its multifacto-
rial nature, our understanding of the pathogenesis of AD is
limited and remains elusive. Several hypotheses have been

P4 Rajnish Kumar
rajnish.phe @iitbhu.ac.in

Department of Pharmaceutical Engineering & Technology,

Indian Institute of Technology (B.H.U.), Varanasi 221005,
UP, India

Published online: 06 April 2023

proposed regarding AD, including the cholinergic hypoth-
esis, amyloid-f (AP) and tau hypothesis, oxidative stress
hypothesis, and metal chelation hypothesis, which facilitate
drug discovery and development. Protein misprocessing is
a hallmark of AD, involving the accumulation of Ap pep-
tides and abnormal tau protein as amyloid senile plaques
and neurofibrillary tangles, respectively, in the brain [3-5].
These histopathological hallmarks play a crucial role in the
pathological progression of AD, and different molecular
mechanisms and biological processes are responsible for
their occurrence.

Recent literature provides a comprehensive summary of
the discovery and development of preclinical drug candi-
dates and drugs under clinical trials for AD [6, 7]. However,
the therapeutic management of AD is currently limited to
symptomatic treatment using cholinesterase inhibitors such
as Donepezil, Memantine, Galantamine, and Rivastigmine
[8]. Although Aducanumab, a disease-modifying agent,

@ Springer
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