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CHAPTER 1. INTRODUCTION




INTRODUCTION

1. Introduction

1.1. Alzheimer's disease

AD is a progressive neurodegenerative condition, particularly in those 65 years or older, and
is a leading cause of dementia [1]. It gradually erodes cognitive abilities and interpersonal
engagement due to brain cell degeneration. As of 2023, about 55 million people worldwide
have dementia, with AD accounting for 60-70% of these cases. By 2050, this number is
expected to reach 139 million due to the aging global population. Females are at a higher
risk of AD. In India, over 4 million individuals have various forms of dementia, with
Alzheimer's as the most widespread type [2].

A century since AD's discovery, the disease's precise pathogenesis remains elusive and not
fully comprehended. A combination of factors, encompassing the abnormal folding and
aggregation of proteins, frequently associated with oxidative stress and the generation of
free radicals, result in AD [3]. Further, bioenergetics, irregularities in mitochondrial
function, and neuroinflammation processes are involved in its complications. Understanding
these factors, aided by the latest research on AD pathogenesis, has laid the foundation for
research into potential treatments. However, the absence of animal models accurately
mirroring the human AD pathogenesis remains a significant hurdle [4]. Given the
multifaceted nature of the disease, concentrating solely on one causative factor has proven
ineffective or comparatively less impactful. Also, designing selective drugs that target
causative factors is a significant challenge. Developing multi-target directed ligands
(MTDLs) is another challenge, as it can lead to various side effects [5]. Biologicals have
also been explored, such as Aducanumab and Lecanemab, which are the sole approved
disease-modifying drugs for Alzheimer's. These human monoclonal antibodies are
specifically designed to target aggregated beta-amyloid proteins found in the brain lesions
associated with AD. Other available treatments, mainly cholinergic drugs such as
galantamine, rivastigmine, and donepezil, primarily focus on managing symptoms, as the
degeneration of brain cells in Alzheimer's is irreversible. The inability to reverse brain cell
damage remains a significant task in Alzheimer's therapy [6].

1.2. Pathogenesis of AD

AD has been linked to various symptoms and pathological features that include the
formation of neurofibrillary tangles (NFTs) within brain cells, the accumulation of amyloid-
B (AP) in the form of senile plaques, increased oxidative stress, inflammation within
neurons, and a decline in the acetylcholine, etc. The interplay and precise sequence of events

leading to the disease are still under active investigation. A comprehensive understanding
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of AD's pathogenesis is crucial for the development of effective treatments and interventions
for this devastating condition [7]. The following are the proposed hypotheses based on the

current understanding of AD (figure 1).
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Figure 1: Pathogenesis of AD summarizing the central role of amyloid beta plaques

1.2.1 The amyloid hypothesis

The widely accepted hypothesis for AD is the amyloid-cascade pathway, centered around
the Amyloid Precursor Protein (APP). Under normal conditions, amyloid precursor protein
(APP) is cleaved by a-secretase, followed by y-secretase, yielding harmless fragments [8].
In AD, cleavage by B-secretase (BACE 1) followed by y-secretase leads to the formation of
amyloid B (AP) peptides, which aggregate and accumulate as extracellular plaques. AP is a
hallmark of AD and comprises 37 to 43 amino acids, with the isoform AB42 being the most
problematic. B-amyloid peptides aggregate into plaques, triggering inflammation, brain
damage, synaptic dysfunction, and Tau protein hyperphosphorylation, leading to
neurofibrillary tangle formation (figure 1) [9]. BACE 1 is a key target for therapies aiming
to reduce amyloid plaque production to slow AD progression [10]. The important milestones
in the development of the amyloid cascade hypothesis and its practical utilization are

presented in Table 1.

Neurodegeneration
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Table 1. Important events in developing the amyloid cascade hypothesis and practical

implementations [11].

Year Key research findings

1906 | Senile plaques were first established.

1984 | Amyloid B protein (AP) was isolated as the principal constituent found within the

plaques in the brains of individuals with AD.

1987 | The observation that the formation of Ap resulted from the processing of amyloid

precursor proteins.

1990 | Evidence of the neurotoxic properties of AP aggregates was presented.

1992 | The hypothesis of the amyloid cascade was put forward.

1995 | AD patients exhibit a significant decrease in CSF AP42 levels, revealing an

established connection between A and inflammation.

1997 | The discovery of the ability of AB42 to inhibit Long-Term Potentiation

1998 | The primary instigator of neuronal damage was identified as AP oligomers.

2001 | Evidence was provided to establish a connection between A and the formation of

neurofibrillary tangles.

2004 | The inaugural amyloid PET tracer, Pittsburgh compound-B (P1B), was formulated.

2016 | Light therapy led to a reduction in A accumulation in both animal models of AD

and patients.

2017 | The transfer of AB from the periphery through the blood-brain barrier into the brain

is reported.

2018 | The ultrasensitive technology, Simoa, was devised for quantifying Ap at sub-

femtomolar concentrations.

2021 | Aducanumab became the inaugural FDA-approved medication for diminishing Af

plaques.

2023 | FDA approval has been granted to Lecanemab for the treatment of AD.

1.2.2 The Tau (t) protein hypothesis

The t-protein is essential for microtubule stabilization, provides structural support, aids
axonal transport, and promotes neuronal growth. Senile plaques trigger t-protein
hyperphosphorylation, leading to its aggregation with cytoskeletal proteins and reduced
microtubule interaction. It elevates free t-protein levels, promoting self-aggregation and

fibril formation. Consequently, axonal transport is impaired, resulting in axonal
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degeneration due to disruption of nutrient transport. The compromised neurons eventually
form neurofibrillary tangles (NTs), contributing to neurodegeneration (Figure 1) [12].
1.2.3 The cholinergic deficit hypothesis

The cholinergic hypothesis posits that AD progression is primarily linked to the loss of
cholinergic neurons and reduced acetyltransferase activity, resulting in decreased
acetylcholine (ACh) (Figure 2). As per the hypothesis, loss of limbic and neocortical
cholinergic innervations due to neurofibrillary degeneration in the basal forebrain and
associated loss of cholinergic neurotransmission results in decreased cognitive function.
This degeneration primarily affects memory and cognition-related regions, like the
hippocampus and frontal cortex, leading to compromised choline uptake, impaired ACh

release, receptor imbalances, and disrupted neurotrophin support [13].

Acetylcholine @
§ @ @
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— <® Galantamine
Acetyl Co-A ® Rivastigmine
)
%0
o

o (PN
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Figure 2. The cholinergic hypothesis of AD with their reported inhibitors

1.2.4 Adrenergic hypothesis

In advanced AD, significant degeneration of noradrenergic neurons occurs in the locus
coeruleus (LC), with a 30% loss during the transition to amnestic mild cognitive impairment
(MIC) and an additional 25% reduction in AD progression. AD patients display variable
adrenergic receptor expression, including decreased al adrenergic receptors (a1 ARs) in the
prefrontal cortex, hippocampus, and cerebellar hemisphere. Also, increased a1 AR binding
sites in specific layers, decreased a2 adrenergic receptors (a2ARs) in the nucleus basalis of
Meynert, reduced 1 adrenergic receptors (B1ARs) in the cortex, and increased [2
adrenergic receptors (B2ARs) in the cortex and hippocampus. The role of beta-adrenergic

receptor alterations in AD is still controversial. However, clinical investigations indicate that

5
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Amyloid beta peptide (AP) initiates subtle modifications in synaptic function during AD.
Specifically, AP interacts with B2 adrenergic receptors within the central noradrenergic
system, influencing synaptic functions in prefrontal cortical neurons. This interaction leads
to the internalization and degradation of B2-adrenergic receptors, subsequently impairing
adrenergic and glutamatergic activities and impacting cognitive function in AD [14]

1.2.5 Glutamatergic hypothesis

Glutamatergic networks in the hippocampal regions are essential for cognitive function, with
N-methyl D-aspartate receptors (NMDARS) playing a pivotal role in synaptic strength and
long-term potentiation (LTP) crucial for memory. AD patients exhibit lower levels of
vesicular glutamate transporters (VGLUT-1 and VGLUT-2) in the prefrontal cortex,
indicating disrupted glutamatergic synapses. Soluble AP oligomers further disrupt
glutamatergic networks, inhibiting LTP and inducing NMDAR hyperactivation. It also
causes activation of ligand-gated or ionotropic glutamate receptors (iGIluRs), predominantly
the a-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid (AMPA) receptor subtype. The
excess NMDAR activity raises intracellular Ca** levels, triggering nitric oxide synthesis,
free radical generation, oxidative stress (OS), apoptosis, and excitotoxic neuronal death.
These changes further the AD pathogenesis caused by AP plaques by disrupting synaptic
plasticity and neuronal function [15]. Figure 3 illustrates the effect of normal synaptic

transmission and long-term potentiation of the glutamatergic network in the brain.
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Figure 3. Effect of normal synaptic
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1.2.6 Calcium homeostasis hypothesis

Calcium serves as a crucial intracellular messenger and is important in vital physiological
processes. Its precise control relies on complex mechanisms, with mitochondria and the
endoplasmic reticulum (ER) playing central roles. ATPase Ca?* pumps and the Na*-Ca?*
exchanger aid calcium efflux, while the ER membrane facilitates calcium exchange.
Disruptions in these processes can lead to harmful intracellular calcium buildup, triggering
protein cleavage, oxidative stress, energy disruption, and activation of proteins like B-
amyloid and t-protein. AP exacerbates calcium overload in AD by inducing oxidative stress
and membrane pore formation, linking calcium dysregulation to AD pathology (figure 1)
[16].

1.2.7 Oxidative stress hypothesis

Neurodegenerative disorders often involve an imbalance between reactive oxygen species
(ROS) generation and antioxidant availability, resulting in cellular damage. AD exhibits
disturbances in antioxidant enzyme activity, driven by AP's activation of NMDA receptors,
which fosters ROS production. OS also contributes, in turn, to increased AP production and
aggregation, as well as T-protein hyperphosphorylation and polymerization (figure 1) [17].
1.2.8 Microgliosis

Microglia are the immune cells residing within the brain and are activated by p-amyloid
plaques (figure 1). Upon activation, microglial cells release pro-inflammatory mediators,
ROS, proteases, and complements, and secondly, as a defense mechanism, break down
amyloid plaques. Though clusters of microglial cells gather around B-amyloid plaques, these
are unable to break down the plaques effectively. This phenomenon, referred to as
"frustrated phagocytosis," contributes to neurodegenerative alterations [18].

1.2.9 Metal chelation hypothesis

B-amyloid precipitates at low Zn*? concentrations, Cu*? and Fe*® enhance aggregation,
especially at slightly acidic pH (6.8). Elevated Cu*? and Zn*? levels in Alzheimer's patients
are linked to apoE4 allele induction. B-amyloid also possesses redox activity, reducing Cu*?
and Fe*3, generating H,0>, leading to ROS formation, exacerbating the pathology (figure 1)
[19].

1.2.10 Prion-like behavior of plaques

Prions are self-propagating proteins linked to neurodegenerative disorders like Creutzfeldt—
Jakob disease (CJD), Gerstmann—Straussler—Scheinker syndrome (GSS), and fatal familial
insomnia (FFI) [44]. AP takes on a pathogenic conformation akin to prions, spreading in a

cross-synaptic manner from specific brain regions. Tau protein also follows the same pattern
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with initially formed neurofibrillary tangles (NFTs), which are linked to cognitive decline
[20].

1.2.11 Ghrelin/GHSR1a signaling

GHSR 1a, the ghrelin receptor in the hippocampus, regulates learning and memory through
unique signaling involving Ca?*/calmodulin-dependent protein kinase Il (CaMKII) and
dopamine receptor D1 (DRD1). AD involves early hippocampal damage, possibly related
to GHSR 1a loss, leading to synaptic stress and memory problems. AD patients have been
reported to have increased hippocampal GHSR 1a, possibly as an AP defense mechanism
(figure 4) [21].
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Figure 4. Amyloid plaques interacting with ghrelin receptors

1.2.12 Cerebral capillaries constriction

Cerebrovascular disorders can lead to brain function alterations, and early signs of AD
include angiogenesis damage and reduced cerebral blood flow. AD patients exhibit
abnormal capillary contraction. Animal studies showed that introducing exogenous A can

lower cerebral blood flow in rats, triggering A production. AP presence generates ROS via
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NOX, releasing endothelin (ET), which contracts pericytes via ETA receptors. This
contraction causes pericyte necrosis, sustaining capillary constriction and resulting in
ischemia. Crucially, AP oligomers are central to this complex process, linking vascular

dysfunction to AD pathology (figure 1) [22].

2. Therapeutic approaches for the treatment of AD

2.1 Current therapeutic strategies

The current treatment options for AD are focused on preventing disease progression via
monoclonal antibodies and on providing symptomatic relief to the patients.

2.1.1 Drugs that may change disease progression

Aducanumab and Lecanemab are anti-amyloid antibodies that remove amyloid plaques from
the brain. Aducanumab was approved by the US- Food and Drug Administration (USFDA)
in 2021 for mild cognitive impairment or mild dementia of Alzheimer's. However, it has not
been approved in Europe due to a lack of strong evidence of its efficacy. It is an 1gG1
antibody binding to the AP at amino acids 3—7. Lecanemab also acts on amyloid plaques,
albeit differently, by inhibiting aggregated soluble and insoluble forms of AP peptide with
high selectivity to AP protofibrils. US-FDA approved it in July 2023 for patients with early
Alzheimer's disease. The common side effects of these antibodies include amyloid-related
imaging abnormalities (ARIA), which can lead to swelling and bleeding in the brain, as well
as swelling of the face, headaches, infusion-related reactions, and vision changes [23-26].
2.1.2 Drugs that may mitigate some of the symptoms of the disease

2.1.2.1 Cognitive Symptoms

These alleviate memory and thinking symptoms without affecting the progression of the
disease. They offer temporary relief by targeting neurotransmitters or receptors, enhancing
patient comfort, dignity, and independence. These include cholinesterase inhibitors
(donepezil, galantamine, and rivastigmine) and the NMDA receptor antagonist memantine
(figure 5). Cholinesterase inhibitors preserve acetylcholine levels, which decline in AD and
contribute to cognitive loss [27]. Memantine blocks excessive glutamate receptor activation,
preventing neuronal death caused by glutamate excess. These medications address cognitive
symptoms and temporarily improve AD patients' quality of life. The cholinesterase
inhibitors have been approved for use in mild to severe dementia due to Alzheimer's,
whereas memantine is approved for moderate to severe dementia. A combination of
donepezil with memantine is also approved for moderate to severe dementia due to
Alzheimer's [28-29].
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H3CO
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Donepezil Galantamine Rivastigmine Memantine

Figure 5: USFDA-approved therapy for improving cognitive symptoms [30]

2.1.2.2 Non-cognitive (behavioral and psychological) symptoms

In AD patients, sleep changes such as difficulty in sleeping, taking longer daytime naps,
changes in sleep cycle, etc, may aggravate mood swings. Suvorexant, a potent dual orexin
receptor (OXR1 and OXR2) antagonist, is recommended for treating sleep changes in AD
patients. It promotes sleep by binding to the receptors and blocking the binding of orexin A
and B, neuropeptides that promote wakefulness, to the receptors. Recently, Suvorexant has

been found to decrease tau phosphorylation and A in humans [31].

2.2 Therapeutic strategies based on hypotheses proposed

AD drug development aims at disease modification or symptom management by targeting
AP and Tau protein [32]. Developing new central nervous system (CNS) drugs is
challenging but vital to finding more effective AD treatments [57]. Most of the drugs that
reached phase Il trials failed to show promising results in phase Ill, like BIIB092,
Crenezumab, TRx0237, Azeliragon, Verubecestat, Atabecestat, BI 409306, etc [33]. The
following section discusses various therapeutic options based on the understanding of
proposed hypotheses and also lists developmental candidates, particularly in clinical trials.
2.2.1 AB-based approach

Targeting AR with vaccines and antibodies is a promising approach for halting AD
progression, exemplified by the recent entry of monoclonal antibodies into the market and
ongoing clinical trials [34]. Figure 6 illustrates the downstream events of APP processing
and the possible therapeutic interventions being considered for drug development. Some

small molecules targeting AP peptide for AD treatment are in clinical trials (Table 2).
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Figure 6: Downstream events of APP cleavage and therapeutic options being explored

Table 2. Ap-targeting small molecules in clinical trials (https://clinicaltrials.gov/)

Drug Name Structure Mode of Route | Status | Refere
Action nce
Acitretin 0 Reduces AP Oral | Phase [35]
AV VS Y T )
- generation 1
O
Lenalidomide O O BACE1l Oral Phase [36]
NH
N{):o inhibitor [
NH,
Levetiracetam O Reduce AB Oral | Phase [37]
/\HJ\NHQ generation I
U
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NIC5-15 OH Modulator of | Oral Phase [38]
(1R,2S,3R,4S,5S, HO/, A OH y-secretase I
6S)-6-methoxy HO’Q',"O/
cyclohexane- OH
1,2,3,4,5-pentaol
Posiphen 'L , Hinders the Oral | Phase [39]
N translation of I
©\ 3\\097@ the APP
N
ALZT-OP1 . i o g o OOH Facilitate the | Oral | Phase [40]
[Cromolyn + (R)- ° o Ao ° elimination of Il
Ibuprofen] + AP or its
WOH aggregates
Bexarotene O Facilitate the | Oral | Phase [41]
HO O O‘ elimination of Il
AP or its
aggregates
A.LZ-801 N D.isrupt or Oral | Phase [42]
3-aminopropane- o OH hinder the I
1-sulfonic acid formation of
AP aggregates
Contraloid Peptide (all D enantiomeric) Terminates Oral | Phase [43]
sequence: PTLHTHNRRRRR toxic and I
replicating
amyloid beta
(AP) oligomer
prions by

disassembling
aggregates
into non-toxic

AP monomers
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PBT2
5,7-dichloro-2-
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methyl)quinolin-
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~ N Cl

Decreasing
metal-
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aggregation.

Oral Phase [44]
|

Varoglutamstat

Prevents the
formation of a
particularly
toxic and
aggregation-
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Oral | Phase [45]

of AP known
as pGlu-Ap.
ALX-001 Cl Designed to Oral | Phase [46]
(4R,5R)-5-(2- o) block the I
chlorophenyl)-4- S~ "NH pathogenic
(5- \ binding of
(phenylethynyl)p N toxic
yridin-3- amyloid-p
yl)oxazolidin-2- oligomers and
one cellular prion
protein to
glutamate
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CT1812 //\S//O Prevents the Oral | Phase [47]
2-(tert-butoxy)-4- ° interaction I
(3-methyl-3-(5- between
(methylsulfonyl)i | oligomeric AP
soindolin-2- and its
yl)butyl)phenol OH receptors,
fumarate XO leading to a
OH reduction in
° y synaptic
» o) toxicity
caused by AP
Nasal insulin Restructuring of synapses and utilization of Intrana | Phase [48]
glucose sal Il
Simufilam H Diminishes Oral | Phase [49]
_ /\:><Nlo tau buildup, Il
decreases
neuroinflamm
ation

2.2.2 Secretase inhibitors

Secretases are a group of proteolytic enzymes responsible for processing APP. Three key
secretases, namely a-secretase, y-secretase, and B-secretase, are involved in this process. In
healthy conditions, APP undergoes cleavage by a- and y-secretases. However, the cleavage
pattern in AD involves - and y-secretases [50].

a-secretase:

Activation of a-secretase is represented by the metalloprotease ADAM10, which cleaves
APP within the AB domain, inhibiting AP generation and yielding neuroprotective APP
fragments. Therefore, a-secretase cleavage of APP is beneficial by impeding the formation
of AP peptides and protecting against neurotoxic agents. It has led to the proposal of
enhancing o-secretase activity as a treatment strategy to shift the balance towards the

nonamyloidogenic pathway, potentially influencing the progression of AD (Table 3) [51].
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Table 3. List of a- Secretase activators/enhancers in clinical trials [52].

Compound Name

Structure

Status

LY2811376
4-(2,4-difluoro-5-
(pyrimidin-5-
yl)phenyl)-4-methyl-
5,6-dihydro-4H-1,3-

thiazin-2-amine

Phase |

MK-8931
N-(3-(3-amino-2,5-
dimethyl-1,1-dioxido-
5,6-dihydro-2H-1,2,4-
thiadiazin-5-yl)-4-
fluorophenyl)-5-

fluoropicolinamide

Phase |

LY2886721
N-(3-(2-amino-4a,5-
dihydro-4H-furo[3,4-
d][1,3]thiazin-7a(7H)-
yl)-4-fluorophenyl)-5-

fluoropicolinamide

Phase |

Etazolate

Phase Il
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AZ-4217
N-(3-(2-amino-5,5-
difluoro-4-methyl-

5,6-dihydro-4H-1,3-
oxazin-4-yl)-4-

N Phase 11

fluorophenyl)-5-
cyanopicolinamide
APH1105 A bryostatin analog Phase Il

B-secretase:

The 1999 discovery of P-secretase (BACE) was pivotal in AD research, identified
independently by five research groups using various names like BACE, [-secretase, Asp2,
or memapsin 2 [53]. BACE, a type 1 transmembrane aspartic protease with 501 amino acids,
functions optimally under low pH conditions in intracellular compartments. It is
predominantly expressed in brain neurons, and modulating its expression directly impacts
AP production [54]. BACE's discovery led to the identification of its homolog, BACE2.
Still, due to its low expression in brain neurons and distinct APP cleavage activity, BACE1
remains the main [3-secretase, a potential therapeutic target to reduce cerebral Ap levels in
AD [55].

Despite several drugs developed to inhibit BACE activity, such as elenbecestat, atabecestat,
lanabecestat, and verubecestat, failing to reach the market, researchers remain committed to
the pursuit of BACE-inhibitory drugs due to the critical role it has in the disease
development [56]. The structures of some of the representative p-Secretase inhibitors are
given in Figure 7, indicating the use of various scaffolds.

=) ~ 3 L0

ICs0: 110 nM ICs0: 150 nM
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Figure 7. A few representative B-Secretase inhibitors for AD [57,58].

y-secretase:

y-secretase, composed of Presenilin-1 (PS-1), Nicastrin, Anterior Pharynx-1, and Presenilin
enhancer-2, plays a pivotal role in AD as it executes the final intramembrane cleavage of
APP [59]. y-secretase cleavage, which follows cleavage by a-secretase, yields the C99
fragment, leading to a minor fraction of AB-42. Mutations in presenilins, the catalytic core
of y-secretase, contribute to elevated AB-42 levels in familial AD (FAD). However, v-
secretase influences other substrates like Notch, Delta, and Tumor necrosis factor-alpha

converting enzyme (TACE) [60]. Targeting y-secretase to reduce AP formation is
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challenging due to the potential disruption of vital functions of these substrates [61]. As a

result, drugs designed as y-secretase modulators (such as avagacestat, semagacestat, and

flurizan) have faced setbacks during clinical trials [62]. The status of different y-Secretase

inhibitors is shown in Table 4.

Table 4. y-Secretase inhibitors for AD in clinical trials

Drug Name Structure Mode of Remarks Status | Refere
Action nce
Semagacestat Reduces A In phase Il | Termin [62]
O}OH levels in AD trials, the ated in
NH and induces outcome was | Phase
H;LO changes in the inferior to M.
o peptidome of placebo
ji:@ human
cerebrospinal
fluid
MK-0752 Lowers AB1- The Termin [63]
3-((1s,4r)-4- 40 levels in medication ated in
((4- healthy was linked to | Phase |
chlorophenyl)s participants, | gastrointestina
ulfonyl)-4- and currently | discomfort
(2,5- undergoing and feelings
difluorophenyl testing for its of fatigue.
)cyclohexyl)pr potential in
opanoic acid cancer
treatment.
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E 2012 A gamma- Lenticular Termin [64]
(S,E)-1-(1-(4- secretase opacity ated in
fluorophenyl)e inhibitor/modu Phase |

thyl)-3-(3- lator that
methoxy-4-(4- preserves
methyl-1H- Notch function
imidazol-1- without
yl)benzylidene impacting
)piperidin-2- Notch
one processing
Avagacestat, Preserving Amyloid- Termin [64]
BMS-708163, Notch function related ated in
2-((4-chloro- leads to a imaging Phase
N-(2-fluoro-4- reduction in abnormalities I
(1,2,4- AP levels in (ARIA)
oxadiazol-3- the
yl)benzyl)phen cerebrospinal
yl)sulfonamido fluid of healthy
)-5,5,5- participants
trifluoropentan
amide
Nirogacestat, Reversible, AP1-40 levels us [64]
PF-3084014 orally show no FDA
2-((6,8- bioavailable, | decline in the has
difluoro- noncompetitive | cerebrospinal | approve
1,2,3,4- , and selective fluid of dits
tetrahydronaph y-Secretase patients with | use for
thalen-2- inhibitor AD. desmoi
yl)amino)-N- d
(1-(2-methyl- tumors.
1- Termin
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(neopentylami
no)propan-2-
yl)-1H-
imidazol-4-yl)

pentanamide

ated in
Phase
Il for
AD

patients

2.2.3 Metal Chelators
Metal ions, such as Zn*2, Cu*?, and Fe*3, promote the aggregation of p-amyloid. Zn*? can

lead to aggregation even at low physiological concentrations, while Cu*? and Fe*® enhance

aggregation under mildly acidic conditions. Elevated Cu*? and Zn*? levels have been linked

to developing the apoE4 allele associated with AD. B-amyloid also participates in redox

reactions mediated by metal ions, generating ROS [65]. To counteract metal interactions

with AP, strategies like using iron-chelating agents are under investigation (Table 5) [66].

Table 5. Clinically approved small molecule-based chelating agents in metal chelation

therapy
Name Structure
Deferoxamine o) OH H 0
)J\N/\/\/\N)K/\H/N\/\/\/N\”/\)J\N/\/\/\NH
| H ) 2
OH o) o] OH
Deferiprone SN
o P
OH
S - 5
D-Penicillamine HS
OH
NH,

Deferasirox

Ethylenediaminet

etraacetic acid
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2.2.4 Acetylcholinesterase inhibitors

The cholinergic hypothesis in AD focused on the loss of cholinergic neurons. It reduced
acetyltransferase (ChAT) activity, primarily in the nucleus basalis of Meynert, a vital source
of cholinergic input to the neocortex [67]. This degeneration is associated with cognitive
decline, impacting memory, attention, and learning-related brain regions such as the
hippocampus and frontal cortex [68]. Issues encompass impaired choline uptake,
compromised acetylcholine release, receptor imbalances, disrupted neurotrophin support,
and axonal transport deficits [69]. Reduced ChAT and increased AChE activity result in
acetylcholine depletion, impairing cognitive function. Treatment primarily relies on
acetylcholinesterase inhibitors (AChEIs) to restore acetylcholine levels. Some approved
AChEIs include tacrine, donepezil, rivastigmine, galantamine, etc., of which tacrine has
been withdrawn [70-72].

2.3 Dual inhibitors

Given the intricate nature of AD and the multitude of factors contributing to its progression,
addressing a single causative aspect is unlikely to yield a complete cure or effectively slow
down the disease's advancement [73]. Therefore, recent reports involve the development of
molecules capable of targeting two distinct factors concurrently. This innovative strategy
offers the potential to diminish required dosage concentrations, enhancing the likelihood of
effective treatment and disease progression attenuation. Moreover, it could result in cost
savings and alleviate the financial burden on patients [74-76]. Examples of such dual

inhibitors are given in figure 8.
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A. Dual inhibitors targeting AChE and BuChE [77,78]
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C. Dual inhibitors targeting AChE and Serotonin Transporter [83]
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D. Dual inhibitors targeting AChE and MAO-B [84]
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E. Dual inhibitors targeting HDAC and NMDAR
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F. Dual inhibitor targeting AChE and IL-6
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G. Dual inhibitors targeting APB and Tau [87]
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Figure 8. Structures of some of the representative dual inhibitors

2.4 Multi-Target-Directed Ligands

Similar to dual inhibitors, multi-target-directed ligands (MTDLs), often termed “dirty
drugs,” offer promise for AD treatment [88]. These compounds combine pharmacophore
moieties from different bioactive compounds, enhancing therapeutic safety and efficacy
compared to single-target drugs [89]. MTDLs offer a comprehensive approach to addressing

the intricate network of factors contributing to AD pathogenesis (figure 9) [90].
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Figure 9. Structures of some of the representative multi-target-directed ligands [83,91].

3. Candidates under clinical investigation for AD

Despite recent clinical trial failures, several promising candidates are in the AD drug
development pipeline. Table 6 collates the available information (updated as of May 2024)
on various developmental candidates in clinical trials, phase-wise and by category. The list

is in addition to the candidates mentioned in the above sections (https://clinicaltrials.gov/).

Table 6: Drugs under clinical trials for AD treatment

Drug Name Structure Mode of Action Class

Phase |

Disease-modifying Biologicals

Mode of Action

MK-2214 Anti-tau monoclonal antibody Tau

Prevent AP plaque and activate microglia to phagocytize
SHR-1707 Pplag 8 phagocyt Amyloid
various forms of AP
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Antisense oligonucleotide to tau, decreasing the abundance of

NIO752 o Tau
tau aggregates at neuromuscular junction
Humanized 1gG1 antibody inhibits an immune checkpoint Inflammation
IBC-Ab002 _ _ _ ) ) )
protein (PD-L1), stimulating the immune system /immunity
Small interfering RNA targeting the amyloid precursor protein ]
ALN-APP Amyloid
MRNA
Immune adjuvant made up of short, unmethylated cytosine- _
] ] ] ] Inflammation
CpG1018 phosphate-guanine oligodeoxynucleotides, stimulate clearance ) )
i /immunity
of amyloid pathology
Monoclonal antibody (MAD) targeting SIGLEC-3 (CD33),
ALO003 reactivates microglia and immune cells in the brain, improves | Inflammation
microglial clearance of toxic proteins
Extending telomeres may benefit AD, reduce AB-induced _ )
AAV-hTERT o ) Epigenetic
neurotoxicity, and effects on multiple cellular pathways
Lu AF87908 MAD to reduce Tau Tau
LY3372993 MAD to reduce amyloid (N3pG-AB) Amyloid
MAD targeting SIGLEC-3 (CD33), reactivates microglia and
AAVrh.10hAPOE2 immune cells in the brain, improves microglial clearance of Epigenetic
toxic proteins
XPro1595 TNF inhibitor, reduces neuroinflammation Inflammation
GSK933776 MADb against N-terminus of A Amyloid
ALZ-101 Vaccine against soluble AB oligomers Amyloid
VT301 Regulatory T-cells (Tregs) Inflammation
CAD106 combines multiple copies of AB1-6 peptide derived
from the N-terminal B cell epitope of AP, coupled to a
CAD106 ) priop P P _QB Amyloid
virus-like particle. In animals, CAD106 induced AB-antibody
titers without activating Ap-reactive T cells
KHK6640 MAD that consists of Anti-Ap-peptide Amyloid
An Ig-fusion General Amyloid Interaction Motif (GAIM)
based dimer
NPTO088 Amyloid
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Direct thrombin
inhibitor, reduce
neurovascular

damage

Vasculature

Dexmedetomidine

Selective a2-
adrenergic
receptor agonist,
neuroprotection

Circadian
rhythm

Edicotinib

CSF-1R
antagonist,
attenuates
microglial

proliferation and

neurodegeneration

Inflammation

Efavirenz

NNRTI, promotes
cholesterol
removal, enhances

amyloid reduction

Epigenetics
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Phase 11

Disease-modifying Biologicals:

MAD targeting TREM2 receptors to promote microglial

ALO002 Inflammation
clearance of A}
ACI-35 Active immunotherapy targeting Tau Tau
ABvac40 Active immunotherapy to remove Af Amyloid
This is an active vaccine designed to elicit an immune response
AADvacl ) ) o ) Tau
against pathologically modified forms of tau protein
BCG vaccine Vaccination against tuberculosis infection, immunomodulator | Inflammation
Synaptic
_ Protein Kinase C inhibitor, plasticity/
Bryostatin 1 N ) )
facilitates synaptogenesis neuroprotecti
on
Inflammation
Daratumumab MAD targeting CD38, regulates microglial activity /
immunity
Inhibits the function of a pro-inflammatory cytokine called _
Etanercept ) Inflammation
tumor necrosis factor alpha (TNF-a)

Crenezumab MAD targeting soluble A oligomers Amyloid
Gosuranemab MAD targeting truncated form of Tau Tau
Gantenerumab Human IgG1 Ab against AP fibrils Amyloid

Lecanemab MAD directed at protofibrils Amyloid
Pepinemab MAD directed at semaphorin 4D to reduce inflammation Inflammation
hTERT peptide vaccine, mimics extra-telomeric functions to _ ]
GV1001 o o ) ] ] Epigenetic
inhibit neurotoxicity, apoptosis, and reactive oxygen species
_ ) Inflammation
GB301 Regulatory T cells, Reduce neuroinflammation ) )
/ immunity
IVIG Polyclonal antibody, remove amyloid Amyloid
JNJ-63733657 MAD targeting soluble Tau Tau
Antisense oligonucleotide targeting tau expression, MAPT
IONIS MAPTRX o Tau
RNA inhibitor

R07126209 Anti-Ap MAD with enhanced BBB penetration Amyloid

Semorinemab MAD to remove extracellular Tau Tau
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Tilavonemab MADb to remove Tau and prevent propagation Tau
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Disease-modifying Drugs:
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transcriptase
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preserve nerve
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4. Why Dual Inhibitors?

Dual inhibitors are characterized by their bifunctional profile, enabling simultaneous action
on two distinct biological targets. They serve as potent tools in addressing multiple disease
states. Over the years, MTDLs have become synonymous with dual ligands, triple blockers,
heterodimers, etc. The selection of these targets depends on data from previous literature
and various clinical sources [92]

The design of dual inhibitors is grounded in the idea that they can expedite disease resolution
by concurrently acting on multiple targets that govern the progression of a specific ailment.
These inhibitors may also exhibit the ability to bind to and suppress diseases beyond their
original therapeutic intent [93]. Given the activation of numerous protein complexes due to
the regulation of upstream proteins, targeting these complexes can block entire signaling
pathways. The development of dual inhibitors is a laborious and time-intensive process,

guided by various considerations related to the nature and physiology of the target [94].
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4.1 Advantages of dual inhibitors:

Dual inhibitors exhibit potency even at low doses, resulting in reduced dosing
frequency and enhanced patient adherence attributed to the fact that many diseases
stem from multiple causes.

The disease symptoms can be effectively reversed with minimal drug dosage, by
simultaneously blocking two of these causes.

Crucially, dual inhibitors address a significant issue associated with single-target
inhibiting agents, namely, drug resistance.

In the context of multifactorial diseases, the inhibition of a single target may allow
the disease to persist and thrive through alternative pathways. This challenge
impedes the permanent alleviation of the disease.

However, the simultaneous targeting of two distinct pathways involved in the disease
creates a synergistic effect, reducing the likelihood of drug resistance.

Additionally, the binary action of a single molecule on two disease-related targets
ensures superior efficacy in treatment. This approach not only offers cost-
effectiveness but also enables the management of symptoms associated with multiple

diseases swiftly and efficiently at the cost of a single drug [95].

4.2 Limitations and challenges faced by dual inhibitors:
4.2.1 Limitations

Dual inhibitors operate on two disease targets concurrently, potentially resulting in
increased drug affinity for one target and decreased affinity for the other.

In many instances, drugs designed for dual targeting tend to exhibit lower affinity
interactions compared to single-target drugs, given that small molecules are less
likely to bind equally strongly to multiple targets. Therefore, careful design of the
agent is crucial to improve binding to both targets, a process achieved by identifying
and utilizing the shared chemical space between the two targets [96].

Another drawback associated with the utilization of these agents is that their dual
action frequently leads to toxicity.

Agents with the potential to inhibit two proteins simultaneously can induce
unpredictable reactions, as the blockade of a protein implicated in a specific disease
may disrupt multiple other pathways in which the same protein plays a significant

role.
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Additionally, the integration of two distinct pharmacophores employed to construct
dual inhibitors may create a synergism of adverse reactions.

These adverse effects may also manifest if the drug binds to targets other than those
explicitly intended. These reactions are often a combination of different effects and
have an unknown origin. Therefore, careful consideration of protein interlinking is
essential when designing such entities [97].

An additional drawback associated with dual inhibitors is the potential for dosing
errors. Given that a single molecule acts on multiple targets involved in the disease,
the dosage profile and tolerance of these agents are likely to differ from mono-
targeted drugs used for the same disease.

Consequently, calculating the correct dose and implementing vigilant monitoring of
drug intake become crucial. To ensure the safety and efficacy of these agents, they
must undergo meticulously designed experiments for dose determination [98].

In addition to this, various factors, including the location and nature of the target, the ligand's

binding to the target, the interaction between the ligand and the target, the ligand's quality,

dosage scheme, storage conditions, and ultimately cost-effectiveness, must be meticulously

assessed in the development of these agents. Utilizing network analysis based on the nature

of diseases and known resistance mechanisms is crucial for improving target selection. In

summary, extensive research, both in terms of study and experimentation, is imperative to

mitigate harmful side reactions related to drug use [99].
4.2.2 Challenges

A significant challenge concerning drug targets is the variability of proteins and their
regulation across different species, races, genders, ages, environments, daily dietary
habits, and exercise routines.

The internal interactive dynamics of a drug with the body cannot be precisely
regulated. Additionally, there are numerous proteins that remain unknown, and it's
possible that the identified proteins are linked to undiscovered pathways.
Consequently, it is not always feasible to control the precise manner in which a
designed drug functions [100].

Pharmacokinetics plays a crucial role in determining the temporal trajectory of a

drug within the body. Understanding the Absorption, Distribution, Metabolism, and
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Excretion (ADME) profile of a drug is essential for comprehending the behavior of
the drug compound in the body and establishing an appropriate dosage regimen.

e Obtaining pharmacokinetic data for such drugs is challenging, primarily because the
two distinct components comprising these agents have independent absorption,
distribution, metabolism, and excretion profiles [101].

e Predicting the duration in which the drug undergoes all four phases is consequently
challenging.

e Similarly, grasping the pharmacodynamics data associated with the drug is complex
due to its independent action on two receptors and its varying affinity for the same
[102] (figure 10).

Disease mechanism and :
[ pathway J [ Pharmacodynamics J

p
. ! Interaction and bindin
[ Therapeutic compliance J ( ﬂ\ of target andligandg
L

J
Important - -

_ considerations in the Interlinking of disease target
design of L FEUITE )

DUAL INHIBITORS

Adverse drug reactions and ( Target nature and location |
unintended side effects \ ) 9
A A
[ Dosage scheme J [ Pharmacokinetics J

Figure 10. Important considerations in the design of dual inhibitors
5. Literature review on dual inhibitors targeting AChE and BACE 1
The growing recognition of Alzheimer's disease's complex nature has ushered in a new
approach to drug design. This involves exploring compounds that can interact with multiple
targets associated with Alzheimer's, potentially leading to improved outcomes and reduced
side effects. The emerging concept of multi-target directed ligands (MTDLs)/dual inhibitors
has become a focal point in medicinal chemistry research. Various strategies have been
employed to target multiple aspects of Alzheimer's, including AChE, BACE 1, GSK-38,
monoamine oxidase, metal ions, and AP aggregation. One prevalent strategy involves
combining two or more molecular scaffolds, each with known properties or targets, into a
unified molecular entity [103].
This review encompasses both synthetic and natural compounds that have been identified,
since 2003, as dual inhibitors targeting both AChE and BACE 1.
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5.1 AChE and BACE 1 dual-target inhibitors from natural sources:

Plants, marine organisms, and even fruits are commonly regarded as reliable reservoirs of
pharmacologically significant compounds. The meticulous investigation of their biological
properties, especially those of unfamiliar compounds, can unveil notable activities against a
range of specific biological targets.

In this section, compounds obtained from natural sources, which exhibited interesting
inhibitory activities against AChE and BACE 1, are discussed [104].

Nguyen et al., in 2015 provided the initial instance wherein they extracted multiple
compounds from Lycopodiella cernua L., a traditional Chinese herb from the Lycopodiaceae
family with medicinal applications. They subsequently assessed the inhibitory activities of
these compounds against both AChE and BACE 1. In this investigation, a novel hydroxy
unsaturated fatty acid 1 (AChE: 1Cs00.22 + 0.03 uM; BACE 1: ICs0 6.91 £ 0.44 uM), were
identified. These compounds exhibited intriguing inhibitory properties against both AChE
and BACE 1 enzymes [105].

Nuthakki et al., in 2019 investigated the therapeutic potential of plants in Alzheimer's
disease (AD) and reported the discovery of embelin, a 3-undecyl-1,4-benzoquinone,
extracted from Embelia ribes (found in fruits). They also highlighted its capability to inhibit
AChE and recombinant human BACE 1. The authors demonstrated that compound 2
exhibited significant inhibition of both tested AChE: ICsp 0f 2.50 = 0.082 uM, and for BACE
1: ICs0 of 2.11 £ 0.33 pM [1086].
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In a separate study, Paudel and colleagues in 2019 isolated five arylbenzofurans from the
root bark of Morus alba. These compounds exhibited noteworthy inhibitory activities
against AChE and demonstrated even greater effectiveness against BACE 1. Compound 3
and 4 exhibited lower inhibitory activity for AChE (ICs0 4.61 +0.08 uM and ICs0 > 200 uM,
respectively) compared to berberine. However, compounds 3 and 4 demonstrated improved
inhibitory activity for BACE 1 (ICs0 0.73 £+ 0.03 uM and ICso 1.04 + 0.78 respectively) when
compared to quercetin [107].

57



INTRODUCTION

Panche et al., in 2019 examined the inhibitory potentials of specific compounds obtained
from medicinal herbs, Andrographis paniculata and Spilanthes paniculata.
Among the compounds isolated, 3,4-di-O-caffeoylquinic acid 5, apigenin 6, and 7-o-
methylwogonin 7 were chosen as the most favorable candidates for their potential inhibitory
effects against both AChE and BACE 1. Compound 5 demonstrated an ICso of 2.14 + 0.04
uM for the AChE inhibitory assay and 3.31 £ 0.12 uM for BACE 1. Similarly, compounds
6 and 7 exhibited noteworthy inhibitory properties against AChE (ICso 3.42 + 0.02 uM and
2.46 + 0.03 uM, respectively) and BACE 1 (ICso 3.79 + 0.26 uM and 2.91 £ 0.04 pM,
respectively) [108].

OH

Jannat et al., in 2019 obtained ptesorin derivatives from Pteridium aquilinum and
investigated their efficacy in relation to AChE and BACE 1. The most potent compounds
included (2R)-pteroside B 8, (2S,3R)-pteroside C 9, (2R,3R)-pteroside C 10, and (3S)-
pteroside D 11, exhibiting 1Csg values of 2.55 +0.23 uM, 9.17 £ 0.82 uM, 3.77 + 0.38 uM,
and 27.4 + 1.2 uM, respectively, against AChE. For BACE 1, the corresponding I1Cso values
were 18.0 £ 2.8 uM, 28.9 + 2.2 uM, 9.74 £ 1.9 uM, and 10.7 + 1.5 pM, respectively.
Remarkably, compounds 8, 10, and 11 exhibited greater activities in BACE 1 inhibition
compared to quercetin (ICsg 18.8 = 1.0 uM), although they were less potent than berberine
(ICs50 0.39 = 0.01 uM, used as a positive control in the AChE inhibitory test) [109].
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Marine organisms represent an abundant reservoir of bioactive molecules, with phenolic

compounds being among them. In an investigation conducted by Lee et al., three
phlorotannins, members of the polyphenolic family and classified as tannins, were extracted
from Ecklonia cava, a brown alga in 2019. These compounds were then evaluated for their
inhibitory potential against AChE and BACE 1. In terms of inhibiting AChE, eckol 12 (ICsg
10.03 + 0.94 uM), dieckol 13 (ICso 5.69 + 0.42 uM), and 8,8'-bieckol 14 (ICsq 4.59 + 0.32
uM) exhibited lower activity than the positive control, galantamine (ICsp 0.99 + 0.07 uM).
However, it is noteworthy that all three compounds, 12 (ICso 7.67 + 0.71 uM), 13 (ICs0 2.34
+ 0.10 uM), and 14 (ICso 1.62 £+ 0.14 uM), demonstrated higher inhibitory activity against
BACE 1 compared to the standard resveratrol (ICso 14.89 + 0.54 uM) [110].
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Omar et al., in 2018 assessed the inhibitory potential of a variety of phenolic compounds,
including both non-flavonoids and flavonoids, that were isolated from Olea europaea L.,
against AChE and BACE 1. Compounds 15, 16, and 18 demonstrated mild inhibition against

59



INTRODUCTION

AChE. However, the results were notably encouraging in terms of their BACE 1 inhibitory
potential, especially for caffeic acid 15 (ICsp 16.67 £+ 0.03 uM) and hydroxytyrosol 16 (ICso
0.035 £ 0.04 uM), surpassing the effectiveness of the positive control, epigallocatechin
gallate (1Cs0 96.26 = 0.04 uM). Among the identified flavonoids, quercetin 17 (ICso: 55.44
+ 0.03 uM) and luteolin 18 (ICso not detectable) were found to be less potent than
galantamine for AChE (ICso: 0.59 + 0.004 uM). However, both compounds 17 and 18
demonstrated superior effectiveness against BACE 1 compared to epigallocatechin gallate
(ICs50 0f 0.55 £ 0.24 uM and 0.52 + 0.28 uM, respectively) [111].
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In 2018, Xu et al. isolated natural flavonoids from the dried mature fruits of Psoralea

Fructus, a medicinal plant, and proceeded to assess their inhibitory effects on both AChE
and BACE 1. At a concentration of 100 uM, Bavachin 19 demonstrated approximately 34%
inhibition of AChE and 14% inhibition of BACE 1. Bavachinin 20 exhibited 80% inhibition
of AChE and 20% inhibition of BACE 1 at the same concentration, while bavachalcone 21
inhibited about 46% of AChE and 68% of BACE 1. Finally, Isobavachalcone 22 showed
approximately 83% inhibition of AChE and 34% inhibition of BACE 1 [112].
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5.2 Synthetic AChE and BACE 1 dual inhibitors

The extensive investigation into the multifaceted nature of Alzheimer's disease has led to
the identification of various potential drug targets. Despite ongoing research to validate new
targets for treating AD, the connection between specific targets and the disease remains

incompletely understood. Nonetheless, the widely acknowledged significance of AChE and
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BACE 1 in AD has prompted the scientific community to recognize their paramount
importance. Consequently, numerous compounds have been synthesized, employing diverse
strategies and molecular templates, with the aim of serving as dual inhibitors for both AChE
and BACE 1 [113,114].

In this section, synthetic compounds that target both enzymes, covering the period from
2003 to 2022 are discussed with their inhibitory activity against both targets.

Camps et al., in 2009 synthesized hybrids of pyrano[3,2-c] quinoline-6-chlorotacrine
(compound 23) to assess their anti-Alzheimer activities targeting AChE and B-amyloid
through BACE 1 inhibition. These hybrid compounds combine the 6-chlorotacrine and
pyrano[3,2-c] quinoline moieties. Compound 23 preserves the strong and selective
inhibition of human AChE observed in the parent 6-chlorotacrine. Moreover, it displays
notable in vitro inhibitory activity against both AChE (ICso 14.0 £ 1.2 nM) and BACE 1 (%
inhibition 77.8 & 6.4 at a concentration of 2.5 uM). Additionally, it demonstrates the ability
to penetrate the central nervous system, establishing it as a promising lead compound for the

development of anti-Alzheimer's drugs [115].
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In 2012, Bachiller et al., synthesized novel hybrids (compound 24) combining tacrine and
4H-chromen-4-one, designed as multi-functional agents with two distinct moieties targeting
various Alzheimer's disease-related factors. The choice of the tacrine fragment was based
on its established inhibitory effects on cholinesterases, while the flavonoid scaffold derived
from 4H-chromen-4-one was selected for its scavenging and BACE 1 inhibitory properties.
Among the examined hybrids, compound 24 demonstrates robust dual inhibition against
human BACE 1 (ICs0 2.80 + 0.01 uM) and AChE (1C50 8.0 £ 0.2 nM), along with favorable
antioxidant properties and the ability to penetrate the central nervous system [116].
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Zha et al., in 2016 synthesized tacrine-benzofuran hybrids, specifically 25, 26, and 27, with
the intention of serving as multi-target agents against the selected targets AChE and BACE
1. The design of these compounds incorporated the properties of the benzofuran moiety to
address amyloid aggregation and AChE/BACE 1 inhibition. Additionally, the inclusion of a
tacrine analogue was anticipated to enhance inhibitory properties against AChE.
Compounds 25, 26, and 27 exhibited a particularly noteworthy profile, serving as
subnanomolar selective inhibitors of human acetylcholinesterase (hAChE) with I1Cso values
of44.2 +3.3nM, 0.86 £ 0.05 nM, and 117 + 8 nM, respectively. Additionally, they displayed
favorable hBACE 1 activity with ICso values of 0.43 = 0.22 uM, 1.35 + 0.13 uM, and 0.62
+ 0.18 uM, respectively [117].
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In 2010, Gémez et al., synthesized and assessed huprine-donepezil hybrids 28 and 29 for
their potential as inhibitors of AChE and BACE 1. They employed a hybridization strategy,
incorporating  the  donepezil-related  fragment-  5,6-dimethoxy-2-[(4-piperidinyl)-
methyl]indane to enhance the binding with these enzymes. The most effective inhibitors of
AChE and BACE 1, namely, heterodimers 28 and 29, surpass the parent huprines in potency
and exhibit comparable effectiveness to donepezil. Specifically, compounds 28 and 29
showed an ICsp value of 2.61 + 0.2 nM and 3.85 + 0.2 nM for AChE. For BACE 1, it
displayed a % inhibition of 30.8 £ 4.1 and 14.9 + 3.9 at 10 uM concentration under the same

assay conditions [118].
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In 2018, Gabr and Abdel-Raziq designed novel analogues of donepezil with the aim of
serving as dual inhibitors of AChE and BACE 1. These analogues incorporated a donepezil
fragment attached to various linkers, allowing for an exploration of the influence of the
linker on inhibitory activity against both AChE and BACE 1. In vitro assays demonstrated
the dual mode of action exhibited by compounds 30 and 31 against hAChE and BACE 1.
Notably, both compounds 30 and 31 exhibited potent inhibition of hAChE, with ICso values
of 4.11 £ 0.12 nM and 145 £ 1.42 nM, respectively, as well as BACE 1 inhibition with 1Cso
values of 18.3 £ 0.17 nM and 243 + 1.13 nM, respectively. These values were compared to
donepezil, which displayed ICso values of 6.21 nM and 194 nM against hAChE and BACE
1, respectively [119].
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In 2016, Constanzo et al., designed the donepezil analogues 32 and 33, incorporating
indanone and piperidine moieties, which are key pharmacophoric fragments of donepezil.
Notably, these analogues feature a double bond linked to the indanone nucleus, a deliberate
inclusion. It has been reported that the presence of this type of unsaturation can enhance
BACE 1 inhibitory ability due to increased structural rigidity. However, compounds 32 and
33 exhibited superior dual activity with lower 1Cso values against both AChE (0.342 £ 0.029
uM and 0.043 + 0.007 uM) and BACE 1 enzyme (% inhibition 59 and 13 at a concentration
of 1.0 uM), respectively [120].
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In 2019, Sharma et al., adopted a similar strategy for developing dual inhibitors of AChE
and BACE 1, utilizing N-benzylpiperidine analogues of donepezil, specifically compounds
34, 35 and 36. The rationale behind the design of these derivatives was based on the
observation that the N-benzylpiperidine core present in donepezil can interact with the
catalytic active site of AChE, and modifications on the indanone core were expected to
enhance BACE 1 inhibitory potential. Structural analogues distinguished by the imine or
amine linkage, respectively, were synthesized and assessed for their potential against these
enzymes. The in vitro assay results indicated a well-balanced inhibitory potential against
both AChE and BACE 1 in the sub-micromolar range for compounds 34 (AChE:
IC50=0.90 uM; BACE 1: 1C5=0.73uM), 35 (AChE: 1Cs50=0.72 uM; BACE 1:
ICs0=0.43 uM), and 36 (AChE: ICs0=0.11 uM; BACE 1: IC50=0.22 uM) [121].
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In 2009, Zhu et al., synthesized a novel class of dual inhibitors for AChE and BACE 1 by
combining isophthalamide and N-benzylpiperidine fragments. The design of derivative 37
was guided by the pharmacophoric structures of isophthalamide and the N-benzylpiperidine
moiety extracted from donepezil. These structural elements are crucial for establishing
specific interactions with AChE. Compound 37 displayed robust dual potency in enzyme
inhibitory assays, with an 1Cso of 0.567 uM for BACE 1 and 1.83 uM for AChE.
Furthermore, it demonstrated significant inhibitory effects on AP production in APP-
transfected HEK?293 cells, with an 1Cso of 98.7 nM, and showed mild protective effects
against hydrogen peroxide-induced PC12 cell injury [122].
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In 2020, Tripathi et al., utilized a molecular hybridization approach to synthesize and
evaluate the biological activity of 1,3,4-oxadiazole hybrids 38 and 39, which are based on
ferulic acid. These hybrids were designed as multi-functional therapeutics for Alzheimer's
disease, and their inhibitory capacity against AChE and BACE 1 was investigated.
Compound 38 emerged as the most potent AChE inhibitor, exhibiting an 1Cso of 0.068 pM.
Additionally, it demonstrated equipotent inhibition of BChE and BACE 1, with 1Cso values
of 0.218 uM and 0.255 pM, respectively. On the other hand, Compound 39 displayed the
most substantial inhibition of BChE and BACE 1, with ICso values of 0.163 uM and 0.211
MM, respectively [123].
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In 2019, Tripathi et al. delved into oxadiazole heterocycles and developed molecular hybrids
of 1,3,4-oxadiazole and 2-pyridylpiperazine, specifically compound 40. They assessed the
inhibitory activity of these compounds against AChE and BACE 1. The design of these
compounds was inspired by a fragment of verubecestat, a potent inhibitor of BACE 1, which
contains a 2-pyridyl ring crucial for binding to the BACE 1 enzyme. Specifically,
compounds 40 was identified as the most promising lead, exhibiting inhibition of
acetylcholinesterase (hAChE) with ICsp values of 0.074 uM and beta-secretase-1 (hBACE
1) with 1Csg values of 0.098 uM [124].
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In 2014, Belluti et al., endeavored to create multi-potent agents against AChE and BACE 1,
synthesizing benzophenone derivatives 41. These compounds were designed to engage with
both targets, incorporating two pharmacophoric moieties: benzophenone and N,N'-
benzylmethylamine, known for their modulation of AChE. The resulting compound 41
exhibited a notable shift in its biological profile, demonstrating a significant increase in both
BACE 1 (% inhibition 20 at a concentration of 5.0 uM) and AChE inhibition with an ICsg

of 0.46 + 0.04 uM [125].
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In 2018, Mphahlele et al., synthesized new families of iodochalcones 42 and their
iodoflavonol analogues 43 to investigate their inhibitory effects on AChE and BACE 1. The
study involved the development of various iodochalcones and their corresponding
iodoflavonol derivatives with distinct substitution patterns were evaluated against both
enzymes. The chalcone derivative 42 displayed moderate inhibition of AChE activity (ICso
of 10.98 + 0.03 uM) compared to donepezil. Notably, it exhibited an enhanced inhibitory
effect and selectivity against BChE. Specifically, compound 42 showed potential as a dual
inhibitor, with 1Cso values of 5.73 + 0.05 uM for BChE and 4.70 + 0.06 uM for BACE 1
activities. The flavonol derivative 43 seems to demonstrate higher selectivity against AChE
activity (ICso of 3.45 + 0.07 uM) and displays significantly reduced inhibitory effects on
BChE (ICso of 37.51 £ 0.08 uM) and moderate effects on BACE 1 activity (ICso of 19.69 +
0.05 uM) [126].
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In 2019, Mphahlele et al., assessed the inhibitory potential of compound 44, derived from
chromone-6-carbaldehyde, on AChE and BACE 1. These compounds were designed based
on evidence suggesting that benzo[b]furan-based compounds and chromone moieties exhibit
anti-Alzheimer's disease properties, with potential applications in various neurodegenerative
diseases. Particularly, compound 44 exhibits the potential to act as dual inhibitors for both
AChE (ICso of 10.98 + 0.03 uM) and BACE 1 activities (ICso of 4.70 + 0.06 uM) [127].
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In 2019, Mphahlele et al. reported the synthesis of 4-oxo-4H-furo[2,3-h]chromene
derivatives 45 and 46, incorporating the furan ring into their structure. Specifically,
compounds 45 and 46 demonstrate the potential to function as dual inhibitors for both AChE
(ICs0 0f 5.4 £ 0.02 and 10.4 + 0.02 uM) and BACE 1 activities (ICso of 13.6 £ 0.02 and 15.8
+0.01 uM) [128].
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In 2012, Mohamed et al., developed compound 47 based on the template of a 2,4-di-
substituted pyrimidine ring, recognized for its effectiveness as an inhibitor of AChE, BACE
1, and AB-aggregation. The design involved the combination of pharmacophoric fragments,
specifically pyrimidine-2,4-diamine and benzylpiperidine, to create hybrid compounds
targeting AChE and BACE 1. Following in vitro screening, compound 47 was identified as
the lead candidate, displaying a dual inhibitory profile against AChE (AChE ICso = 9.9 uM)
and BACE 1 (34% inhibition at 10 uM). Moreover, it exhibited favorable cell viability, with
neuroblastoma cell viability at 40 uM reaching 81.0% respectively [129].
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In 2011, Huang et al., devised a series of innovative quinoxaline-based hybrids, labeled as
compound 48, employing a linkage approach that integrated quinazoline and the N-benzyl
pyrrolidine fragment of donepezil, known for its AChE inhibitory properties. Precisely,
compound 48 demonstrates the potential to act as a dual inhibitor for both AChE (ICso of
0.483 = 0.005 uM) and BACE 1 activities (46.64 + 2.55% inhibition at 10 pM) [130].
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In 2016, Sun and colleagues developed a series of thiazole-acetamide hybrid compound 49
to investigate the AChE inhibitory potential of thiazoles and acetamides. Thiazoles are
noteworthy heterocyclic molecules known for their anti-cholinesterase activity. Compound
49 exhibited significant dual potency in enzyme inhibitory assays, with an ICso of 9.24 uM
for BACE 1 and 3.14 pM for AChE [131,132].
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2.1. Objective of the present work
The amyloid hypothesis is the most accepted mechanism for AD etiology, making BACE 1
a suitable target for AD drug development. Clinically, AChE inhibitors are used to give
symptomatic relief. AChE is also considered a valid target because the peripheral anionic
site at the entrance of the AChE active site is involved in aggregation, and inhibition of
AChE increases acetylcholine availability at the synapse. Considering the failures of drugs
acting on single targets, current investigations focus on developing dual inhibitors that act
on two targets or multi-target directed ligands. Among reported dual inhibitors, none have
made it to the clinics due to the lack of desired pharmacokinetic and brain permeability
profiles. Considering the importance of BACE 1 and AChE, synthesizing dual inhibitors of
both these enzymes becomes a valid strategy. This thesis work is based on this particular
strategy with the following aim:
To design, synthesize, and evaluate the dual inhibitors of B-secretase and
acetylcholinesterase for the possible treatment of Alzheimer’s disease.
To achieve this aim, the following steps were planned:
i To design novel dual inhibitors of BACE 1 and AChE by in silico methods
il To synthesize in-silico designed compounds by different synthetic approaches
followed by purification and characterization
iii To screen synthesized compounds for in-vitro BACE 1 and AChE inhibitory
potential
iv. To deduce the structure-activity relationship
2.2. Rationale of the work
The previous work from our laboratory became the starting point for designing the dual
inhibitors. A novel class of allylidene hydrazine carboximidamide derivatives was reported
as potent BACE 1 inhibitors, having aminoguanidine substitution on allyl linker with two
aromatic groups on either side. The most potent compound had ICs of 6.423 uM against
BACE 1. It was reported that two aromatic rings separated by three carbon linker are needed
to occupy the S1 and S3 cavity of BACE 1, while guanidine functionality binds with
catalytic aspartate dyad [133].
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Recently, our collaborators at CSIR-Indian Institute of Integrative Medicine (111M), Jammu,

have reported that the compounds based on N-benzyl triazole scaffold exhibit dual inhibition

of AChE and BACE-1 [134]. Donepezil also has a benzyl substitution and has two aromatic

rings separated by a linker. Considering these similarities, it was inferred that incorporating

an additional ring in our BACE 1 inhibitor could impart AChE inhibitor property.
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Figure 11. Design strategy using molecular hybridization approach.
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It was hypothesized that the replacement of one of the two aromatic rings of allylidene
hydrazine carboximidamide (BACE 1 inhibitor) with an N-containing hetero-aromatic ring
system could help the structure to interact with the catalytic sites of AChE. Two nitrogen
heterocycles, namely, pyrrole and indole, were considered. Pyrrole, a 5-membered
heterocycle, is expected to mimic the phenyl ring, and indole, a bicyclic system, is expected
to add bulk. Thus, the effect of shrinking the phenyl ring and extending the structure by a
bicyclic ring can be studied.

N-benzyl pyrrole was considered on one side of the 3-carbon linker, having guanidine
substitution, in the first set of compounds. It was hypothesized that —the NH group of
guanidine could form a hydrogen bond with ASP 32 and ASP 228 (key amino acid of BACE
1), and rings A and B could occupy the S1 and S3 cavities of BACE 1. Also, N-benzyl
pyrrole could occupy PAS, and the other aromatic ring could bind to CAS of AChE. For the
design strategy, three series were considered since there are two rings, A and B, on the sides
of the linker. In the first, the ring A was substituted, and B was not. In the second, ring B
was substituted, and ring A was unsubstituted. In the third series, both rings were substituted.
This way, the effect of substitution on AChE and BACE 1 inhibition could be studied, and
SAR could be drawn.

In the second set, N-benzyl indole was considered on one side of the 3-carbon linker, having
guanidine substitution. As in the previous set, it was hypothesized that —the NH group of
guanidine could form a hydrogen bond with ASP 32 and ASP 228 (key amino acid of BACE
1), and rings A and B could occupy the S1, S3 cavities of BACE 1. Similarly, N-benzyl
indole could occupy PAS, and the other aromatic ring could bind to CAS of AChE. As in
the first set, three series were considered in this case also based on ring A and/or ring B

substitution.
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3. Materials and Methods

3.1 In-silico Studies

3.1.1. Requirements for AChE and BACE 1 inhibitor

The analysis of AChE X-ray crystal structure (PDB ID: 4EY7) revealed the presence of two
binding sub-sites, namely PAS (peripheral anionic site) and CAS (catalytic active site), that
play a role in the binding of acetylcholine. The PAS is distinctly separated from the choline-
binding pocket, which is situated in the active site. At the same time, the CAS is thought to
be similar to the catalytic sub-sites seen in other serine hydrolases. The active site of AChE
is a long and narrow gorge-like structure that spans about 20 Angstroms in length. This
pocket extends halfway into the enzyme and gradually widens as it approaches the base. The
gorge pocket contains only a few acidic amino acid residues, which include Asp285, Glu273,
and Asp72 hydrogen bonded to Tyr334 and Glul99, respectively. For a compound to be
considered an effective inhibitor of AChE, the inhibitor must engage with both the CAS
amino acids - Trp86, Tyr337, Trp439, and Tyr341 - as well as the PAS amino acids - Trp286,
Phe297, Phe295, Phe338, Tyrl24, and Tyr72.

Insights into the key functional groups required to inhibit beta-secretase activity can be
gleaned from the X-ray crystal structure of beta-secretase (PDB ID: 6UWP), which suggests
that these groups must possess a basic nature. The presence of an H-bond donor group is
essential for forming H-bonding interactions with the catalytic residues Asp-228 and Asp-
32. Additionally, significant hydrophobic pockets (S1, S3, S2") exist that are critical sites for
beta-secretase inhibition and require hydrophobic groups to occupy these areas. The side
chains of Tyr71, Phel08, Trp115, 1le118, and Leu30 collectively shape the S1 hydrophobic
cleft. Similarly, the S3 cavity is primarily hydrophobic and is formed by the side chains of
Trpl115 and lle110, along with the main chains of GIn12, Gly11, Gly230, Thr231, Thr232,
and Ser35. Additionally, S2' consists of the amino acid residues lle126, Trp76, Val69,
Argl28, and Tyr198.

3.1.2. Docking Protocol

X-ray crystal structure of the AChE and BACE 1 complex (PDB ID: 4EY7 & 6UWP)
protein was downloaded from the RCSB protein data bank and further adapted for Glide
docking calculations. For Glide (Schrodinger-2019-1) calculations, AChE and BACE 1
complex was imported to Maestro (Schrodinger-2019-1), the co-crystallized ligands were
identified and removed from the structure, and non-bridge water molecules were also

removed from the complex. Hydrogen atoms were added to the structure, and partial atomic

74



MATERIALS AND METHODS

charges were assigned according to the force field. Protein was minimized until the average
root mean square deviation (RMSD) of the non-hydrogen atoms reached 0.3A by applying
the OPLS3e force field to remove the steric hindrance using the protein preparation wizard
of Maestro. A grid file was generated using prepared protein as an input file for docking
simulation. The grid of active sites was procreated at the centroid of -17.27, 29.10, and
66.61 on the X, y, and z-axis, respectively, using Maestro. Grid box dimension was set to
10, 10, and 10 A along the x, y, and z directions, respectively. The preparation of ligands
was executed using the "Lig-Prep” module of Schrodinger Suite 2019. Compounds were
imported into the software's workspace, and energy was minimized using two algorithms,
steepest descent, and conjugate gradient, of the Impact module having default options
(Friesner, 2004). Poses with an RMSD of less than 0.5A and a maximum atomic
displacement of less than 1.3A were removed as redundant to increase diversity in the
retained ligand/compound poses. The application of Lig-Prep is to construct a particular,
low-energy, 3D structure with accurate chirality for each successfully processed input
structure. Lig-Prep can also produce several structures from each input structure with
numerous ionization states, tautomers, stereochemistries, and ring conformations.
Chemaxon Marvin Sketch was used to draw compounds' structures and energy
minimization using the OPLS3e Force Field of Lig-Prep of Maestro

(http://www.chemaxon.com).

The ionization states in a given pH range of 7 £ 2 for AChE and 4.5 + 2 for BACE 1 were
produced by adding or deleting protons from the ligand using the EPIK 4.7010 module. The
potential of non-polar parts of ligands was softened by scaling Vander Waals radii of ligand
atoms by 0.8 A with a partial charge cut-off of 0.15. During docking simulation, glide first
places the Centre of ligand at various grid positions of a 1 A grid. Then, rotating ligands in
all the Euler angles generate various possible conformations that pass through a filter series
composed of initial rough positioning followed by the scoring phase. The docking
simulation was performed by allowing flexible torsions in ligands using extra precision (XP)
mode.

After completing each docking step, around 50 poses per compound were generated. The
best-docked structure/pose was selected based on the Glide score (G-score) function, Glide
Energy, and the number of residual matches (hydrogen bonds, hydrophobic interactions)

with the original drug complex.
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3.1.3. Validation of Docking Protocol

Glide-XP docking was validated using co-crystallized ligands (PDB ID: 4EY7 & 6UWP)
extracted from the protein, corrected, and re-docked to the same protein. The re-docked
conformer was then compared with the original by superimposition and visualization. The
RMSD (Root mean square deviation) was calculated, which provides the deviation between
the re-docked conformer and the co-crystallized ligand. The validated protocols were
considered for docking simulations. The proposed ligands were docked into the active site
to find the interaction energy between the target and the ligand. The interaction energy in
the form of a score has been used to assess the binding affinity.

3.1.4. In-silico Determination of Drug-like Properties

Drug-likeliness features were calculated using Schrodinger Maestro's Qik-Prop module
2022-1. The properties of drug-likeliness in the molecule were determined by predicting
many descriptors, such as molecular weight of the compound (Mol_Wt.), Hydrogen bond
donor in a molecule (Donor HB), Hydrogen bond acceptor within a molecule (Acceptor
HB), total solvent accessible surface area (SASA) in square angstroms using a probe with a
1.4 A radius, predicted brain/blood partition coefficient (QplogBB), and Predicted
octanol/water (Qplogo/w).

3.2 Synthetic Methodology

3.2.1 Materials

The chemicals employed in synthetic procedures were procured from Spectrochem Pvt. Ltd,
Mumbai, SD Fine Chem Limited, Mumbai, and Sigma Aldrich, Mumbai. Solvents of
analytical grade, without further purification, were used. Analytical TLC involved plates
pre-coated with silica gel 60 Fzss (0.25 mm thick) were used. Melting points were
determined using open capillary tubes on a Precision Buchi B530 apparatus from Flawil,
Switzerland. The progress of the reactions was monitored by Thin Layer Chromatography
(TLC) analysis (Silica gel Geo F254, Merck). *H and *C NMR spectra were recorded on a
Bruker Avance Il 400 spectrometer using DMSO-d6 as the solvent and tetramethylsilane
(TMS) as an internal standard (chemical shifts indicated in ). HRMS-ESI+ mode analysis
was performed on Agilent Technologies 6545, Version-Q-TOF B.06.01(B6172 SP1).
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3.2.2 Synthesis of Pyrrol-2-yl-phenyl allylidene hydrazine carboximidamide analogues
A total of 81 Pyrrol-2-yl-phenyl allylidene hydrazine carboximidamide (Series-I, 11, and

I11) analogues were synthesized using the following scheme.

I\ > \ S -
N O
H R
2
1. 1.1 .

O R2 1.2
HNﬁ’,NH2
HN.,
N
|
N -
iii N/
> R;
R
Series R1 R2 Compounds
| -EDG or -EWG -H la-1z, laa-lak
I -H -EDG or -EWG 2a-2y
11 -EDG or -EWG | -EDG or -EWG 3a-3s

Scheme 1. Reagents and conditions: (i) Substituted benzyl bromide, KOH, DMF, ultra-
sonication, 25°C, 1 h (ii) Substituted benzaldehyde, NaOH, EtOH, ultra-sonication, 25°C,
30min (iii) Aminoguanidine-HCI, conc. HCI, EtOH, ultra-sonication, 25°C, 2.0 h.

3.2.2.1 General procedure for the synthesis of 1-(1-benzyl-1H-pyrrol-2-yl)ethan-1-one
(1.1)

A 100 mL round-bottom flask was used to hold 10 mL of DMF, to which 25.6 mmol of
KOH was added. The mixture was for ultrasonication for 15 minutes at room temperature.
Subsequently, 8.5 mmol of 2-acetylpyrrole was added to the mixture, and stirring continued.
After 30 minutes, a solution of benzyl bromide or substituted benzyl bromide (8.5 mmol) in
5 mL DMF was slowly added dropwise to the reaction mixture for over 5 minutes. The
reaction was then continued for 1h. Next, the reaction mixture was transferred to ice-cold
water and stirred for 5 minutes, forming a white residue. The precipitate was filtered and re-

precipitated from ethanol to obtain 1-(1-benzyl-1H-pyrrol-2-yl)ethan-1-one (1.1).
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3.2.2.2 General procedure for the Synthesis of (E)-1-(1-benzyl-1H-pyrrol-2-yl)-3-
phenylprop-2-en-1-one (1.2)

An equimolar mixture of benzaldehyde or substituted benzaldehyde (Lmmol) and compound
1.1 (Immol) were dissolved in 15 ml ethanol. Then, 10ml NaOH solution (6g in 10ml H20)
was added dropwise to the reaction mixture with continuous stirring. The reaction
temperature was maintained between 20-25° C using a cold water ultrasonic bath. The
progress of the reaction was monitored by TLC (ethyl acetate/hexane). After vigorous
stirring for 20-25min, the reaction mixture was removed from the ultrasonic water bath. It
was then neutralized by acidified cold water to precipitate the solid product. On filtering off,

the crude product was dried in air and recrystallized using ethanol.

3.2.2.3 General procedure for the synthesis of (E)-2-((E)-1-(1-benzyl-1H-pyrrol-2-yl)-
3-phenylallylidene)hydrazine-1-carboximidamide (1a-1z, laa-lak, 2a-2y, 3a-3s)

To the equimolar mixture of compound 1.2 (Immol) and aminoguanidine hydrochloride
(0.11g, Immol), 0.5 ml HCI and 10 ml EtOH were added and set in the ultrasonic water bath
for 2.0 hrs. The reaction was monitored by TLC for completion. Solvent system used for
TLC was dichloromethane and methanol in different ratios (5-40%
methanol/dichloromethane). The solvent was evaporated under reduced pressure. After
completion, the mixture was poured into water (10 ml) and extracted with DCM (3 x 10 ml).
The combined extract was concentrated, and the residue was subjected to column
chromatography (silica gel, 3-22% MeOH: DCM solvent system) to afford the desired
purified product.
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3.2.3 Synthesis of indol-3-yl-phenyl allylidene hydrazine carboximidamide analogues

A total of 79 indol-3-yl-phenyl allylidene hydrazine carboximidamide (Series-1V, V, and

V1) analogues were synthesized using the following scheme.

@

2.2

Rz

Series R1 R2 Compounds
v -EDG or -EWG -H 4a-4z, 4aa-4af
\ -H -EDG or -EWG 5a-5x
VI -EDG or -EWG | -EDG or -EWG 6a-6u

Scheme 2. Reagents and conditions: (i) Substituted benzyl bromide, KOH, DMF, ultra-
sonication, 25°C, 1 h (ii) Substituted benzaldehyde, NaOH, EtOH, ultra-sonication, 25°C,
30 min (iii) Aminoguanidine-HCI, conc. HCI, EtOH, ultra-sonication, 25°C, 2.0 h.

3.2.3.1 General procedure for the synthesis of 1-(1-benzyl-1H-indol-3-yl)ethan-1-one
(2.1)

A round-bottom flask, with a volume of 100 mL, was utilized to contain 10 mL of DMF and
25.6 mmol of KOH. After being subjected to ultrasonication for 15 min at room temperature,
the mixture was supplemented with 8.5 mmol of 3-acetylindole, and stirring was sustained.
Following a period of 30 min, a solution of substituted benzyl bromide (8.5 mmol) in 5 mL
DMF was gradually drip-fed into the reaction mixture for 5 min. The reaction was then
continued for 1hr. The ensuing mixture was then moved to ice-cold water and agitated for 5
min, which led to the emergence of a white residue. After filtration, the residue was retrieved
and re-precipitated from ethanol to acquire 1-(1-benzyl-1H-indol-3-yl)ethan-1-one.
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3.2.3.2 General procedure for the Synthesis of (E)-1-(1-benzyl-1H-indol-3-yl)-3-
phenylprop-2-en-1-one (2.2)

A solution of an equimolar combination of substituted benzaldehyde (1 mmol) and
compound 2.1 (1 mmol) was prepared in 15 mL of ethanol. Subsequently, the reaction
mixture was subjected to continuous stirring while a 10 mL solution of NaOH (6 g in 10 mL
H>0) was gradually dripped in. The reaction temperature was held within the 20-25°C range,
utilizing a cold water ultrasonic bath. TLC was utilized to monitor the course of the reaction
(ethyl acetate/hexane). Following intense stirring for 20-25 minutes, the reaction mixture
was removed from the ultrasonic water bath. The solid product was then precipitated by
acidified cold water to neutralize the mixture. The crude product was filtered, dried in the
air, and then subjected to recrystallization using ethanol.

3.2.3.3 General procedure for the synthesis of (Z)-2-((E)-1-(1-benzyl-1H-indol-3-yl)-3-
phenylallylidene)hydrazine-1-carboximidamide (4a-4z, 4aa-4af, 5a-5x, 6a-6u)

A mixture comprising compound 2.2 (1 mmol) and aminoguanidine hydrochloride (0.11 g,
1 mmol) in equimolar amounts was combined with 0.5 mL of HCI and 10 mL of EtOH. The
resulting mixture was placed in an ultrasonic water bath for 2.0 hours. The reaction was
monitored by TLC for completion. Solvent system used for TLC was dichloromethane and
methanol in different ratios (5-40% methanol/dichloromethane). The solvent was
evaporated under reduced pressure. After completion, the mixture was poured into water (10
ml) and extracted with DCM (3 x 10 ml). The combined extract was concentrated, and the
residue was subjected to column chromatography (silica gel, 3-22% MeOH: DCM solvent
system) to afford the desired purified product.

3.3 In vitro evaluation

3.3.1. In-vitro BACE 1 Inhibition

The BACE 1 fluorescence resonance energy transfer (FRET) assay kit, obtained from
Sigma-Aldrich (Product No. CS0010, Saint Louis), was used following the manufacturer's
protocol. Molecular biology grade DMSO from Sigma was used for biological assays. A
stock solution of the substrate (500 pM) was prepared using DMSO, and aliquots were stored
at —20°C. Test compounds were dissolved in DMSO to create a 10 mM stock solution, and
desired concentrations were achieved through further dilutions with fluorescent assay buffer
(FAB, 50 mM sodium acetate buffer, pH 4.5) provided in the kit. Before starting the assay,
a BACE 1 enzyme solution (0.3 unit/uL) and a 50 uM substrate solution were prepared by
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dilution with FAB. The fluorometer was configured in the well plate reader mode with
excitation set at 320 nm and emission at 405 nm. For the assay, 10 puL of the test compound,
20 uL of the substrate, and 68 pul. of FAB were added to each well of a 96-well black
polystyrene microplate. Two microliters of BACE 1 were then added, and fluorescence was
immediately measured after enzyme addition. Following the initial reading ("time zero"),
the plate was covered and incubated for 2 hours at 37°C. After the incubation period,
fluorescence intensities were measured again. The difference between the fluorescence
readings at "time zero" and after 2 hours provided A fluorescence, which was used for
subsequent calculations. Each concentration was assayed in triplicate. The background
signal was determined in control wells containing all reagents except BACE 1 and was
subsequently subtracted. Fluorescence intensities of assay solutions without inhibitors were
also measured. The percentage of inhibition due to the presence of the test compound was
calculated by the following expression: 100— (IFi/IFo x 100), where IFi and IFo are the
respective fluorescence intensities obtained in the presence and the absence of inhibitor. The
compounds' percentage inhibition of the enzyme is reported as mean £ SD (an average of
three experiments). BACE 1 inhibitor IV (Calbiochem IV; CAS no. 797035-11-1) (IC50 =

18 nM; Literature value. 15 nM) was used as a reference compound.

3.3.2. In-vitro AChE Inhibition

The inhibitory effect of compounds on EeAChE was assessed using a modified Ellman assay
[135]. Electrophorus electricus acetylcholinesterase (EeAChE, EC 3.1.1.7, from electric
eel, Type V-S, 827 U/mg solid; 1,256 U/mg of protein), acetylthiocholine iodide (ATChI),
5,5-dithiobis-(2-nitrobenzoic acid) (DTNB, Ellman reagent), donepezil was purchased from
Sigma-Aldrich. Molecular biology grade DMSO from Sigma was used for biological assays.
Each compound was accurately weighed and dissolved in molecular biology grade DMSO
to create a 10 mM stock solution. AChE was dissolved in 0.1 M phosphate buffer (pH 7.2)
to prepare enzyme stock solution at 1 mg/mL concentration, which was then further diluted
with PBS to yield working solutions with enzyme activity of 2.5 units/mL. Working
solutions of DTNB and ATChl were also prepared in PBS at concentrations of 0.3 mM, 10
mM, and 10 mM, respectively. Test compound concentrations ranging from 1 to 100 pM
were prepared from the stock solutions by dilution with PBS. In the experimental procedure,
20 pL of enzyme solution (AChE), 20 puL of test compound solution (inhibitor), and 140 puL
of 0.3 mM DTNB solution were added to each well of a 96-well plate. Control wells

contained the same components as the test wells, with the addition of the proportion of

81



MATERIALS AND METHODS

DMSO present in the test compound solution to account for any interference from DMSO.
The assay solutions, with and without inhibitor, were pre-incubated at 25°C for 20 minutes
before adding 20 uL of 10 mM ATChI solution. The reaction was monitored by measuring
absorbance at 412 nm at 1-minute intervals for 10 minutes using a 96-well microplate reader,
as the absorbance is directly proportional to enzymatic activity. Each experiment was
performed in triplicate, and donepezil was used as the reference standard. Blank solutions
containing all components, except the enzyme solution, were prepared alongside the test
solutions to account for nonenzymatic substrate hydrolysis. Percent inhibition values were
calculated from the slopes of absorbance readings over different time intervals for both
control and test compounds. 1Cso values were determined graphically from the observed
percentage inhibition values at different inhibitor concentrations using GraphPad Prism 6

software and are reported as mean = SD (an average of three experiments).

3.3.3. Statistical Analysis
The experimental results were provided as mean standard deviation (£ SD.) GraphPad

Prism 8.0 was used to analyze the data.

3.4. Molecular Dynamics Simulation

To confirm the binding strength and pattern of the compounds in AChE and BACE 1
complex using Desmond, a molecular dynamics simulation run of 100ns was conducted.
The clear-cut water environment was created by soaking the ligand-protein complex in the
TIP3P water molecules encompassed by the orthorhombic water box. The prepared complex
system was neutralized by adding the necessary counter ions, and the isosmotic salt
environment was maintained by adding 0.15 M NaCl. The system's energy minimization
was achieved by using a combined gradient algorithm with maximal 2000 interactions with
convergence criteria of 1 kcal/mol/A. A simulation run of 100ns with periodic boundary
conditions under an isothermal-isobaric ensemble (NPT) was performed after energy
minimization, and the system temperature and pressure were set respectively at 310 K and
1.013 bar.
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RESULTS AND DISCUSSION

4.1 In-silico Studies

4.1.1 Validation of Docking Protocol

Glide-XP docking has been validated using co-crystallized ligands (PDB ID: 4EY7 & 6UWP)
extracted from the protein, corrected, and re-docked to the same protein. The re-docked
conformer is then compared with the original by superimposition and visualization. The
RMSD (Root mean square deviation) is calculated, which provides the deviation between the
re-docked conformer and the co-crystallized ligand. The RMSD for 4EY7 (Donepezil) and
6UWP (QKA) was 0.14 A and 0.08 A respectively. The calculated binding free energy of
Donepezil and QKA were found to be -16.88 and -12.24 Kcal/mole, respectively. The
validated protocols were considered for docking simulations. The proposed ligands were
docked into the active site to find the interaction energy between the target and the ligand. The

interaction energy in the form of a score has been used to assess the binding affinity.

Figure 12. Docking validation of 4EY7 and 6UWP (A) Redocked pose of Donepezil (red) in
4EY7 (AChE) superimposed on the co-crystallized ligand (yellow) (RMSD: 0.14 A, Glide
score: -14.56 Kcal/mol); (B) Redocked pose of QKA (red) in 6UWP (BACE 1) superimposed
on the co-crystallized ligand (green) (RMSD: 0.08A, Glide score: -9.64 Kcal/mol).

4.1.2 Molecular docking of Pyrrol-2-yl-phenyl allylidene hydrazine carboximidamide
analogues

Molecular docking studies were conducted to gain insights into the interaction and binding free
energy between the compounds and the AChE and BACE 1 pocket residues. Compounds la-
lak having ring A substituted, 2a-2y having ring B substituted, and 3a-3s with both rings
substituted, were docked into the crystal structure of Human AChE and BACE 1 (PDB ID:
4EY7 and 6UWP). Figure 13 shows that all the docked compounds 1a-1ak, 2a-2y, and 3a-3s
overlapped within the BACE1 (PDB: 6UWP) and AChE (PDB: 4EY7) active sites.
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The derivatives showed promising results in the docking simulations, exhibiting interactions
similar to those observed in the co-crystallized ligands and favorable binding energies (as

presented in Tables 10 and 11). These docking results, in conjunction with the in vitro

enzymatic inhibition data, further support the potential of these derivatives as effective
inhibitors (Tables 7-9).

Figure 13. (A) and (B) show overlapping of all of the docked compounds within the active site
of 4EY7 and 6UWP, respectively.

Table 7. In silico docking results of Series-1 derivatives

HNﬁ’,NHZ

HN.,

Glide Score Glide Score
Compound AChE BACE 1
Code Ry R: Mol. Wt | 4ev7) (6UWP)
(kcal/mol) (kcal/mol)
la -H -H 343.43 -10.51 -7.33
1b 4-Cl -H 377.88 -10.29 -5.61
1c 4-F -H 361.17 -9.97 -5.89
1d 3-phenylacetaldehyde -H 357.46 -10.56 -752
le 3-phenyl -H 371.49 -9.40 7.26
propionaldehyde
1f 5-methoxy indole -H 412.50 -11.56 -9.78
19 furan-2-yl -H 333.40 -10.27 -7.50
1h pyridin-2-yl -H 344.42 -12.26 -8.03
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1i 2-Cl -H 377.88 -12.57 -9.65

1j 4-NO; -H 388.43 -11.47 -9.35

1k 2,4-di-Cl -H 411.10 -10.10 -8.22
1l 3-benzyloxy -H 449.22 -11.08 -8.05

im 2-NO> -H 388.43 -11.99 -6.21
1n 3-NO: -H 388.43 -11.01 -8.32
1o biphenyl-4-yl -H 419.21 -10.04 -6.27
1p 3,4-di-Cl -H 412.32 -13.17 -8.38
1q 3-F -H 361.42 -12.54 -7.92
ir 4-CN -H 368.44 -10.83 -7.44

1s 3-CN -H 368.44 -10.02 -8.94

1t 2,5-di-F -H 379.41 -12.97 -7.54

1u 2,4-di-F -H 379.41 -10.29 -7.61
v 2-F -H 361.42 -9.87 -8.54
1w 4-CHjs -H 357.46 -11.10 -6.22
1x 4-OCHs -H 373.46 -11.04 -8.30
ly 4-CF3 -H 411.43 -10.22 -9.13

1z 3,4-di-F -H 379.41 -11.73 -7.89

laa 3-phenoxy -H 435.53 -9.47 -2.79
lab 4-tertbutyl -H 399.54 -10.08 -7.05
lac 3,4-di-OCHjs -H 403.49 -10.99 -8.21
lad 4-isopropyl -H 385.52 -13.01 -9.67
lae 3-OCHjs -H 373.46 -12.04 -9.27
laf 2,6-difluoro,4-bromo -H 458.31 -10.99 -9.26
lag 4-benzyloxy -H 449.56 -8.96 -6.95
lah 4-Dimethylamino -H 386.50 -10.74 -8.57
lai 3-Br -H 422.23 -12.09 -10.90
1aj 4-Br -H 422.33 -9.88 -5.94
lak 2,5-di-OCHs -H 403.49 -10.15 -8.31

Donepezil - -14.56 -
[-Secretase Inhibitor 1V - - -7.65
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Figure 14. (A) 2D interaction plot of compound 1h in AChE (Glide score-12.26 kcal/mol); (B)

2D interaction plot of compound 1h in BACE 1 (Glide score-8.03 kcal/mol)

The analysis of series 1 compounds in the active site of both the enzymes (Figure 14), as

exemplified by compound 1h, revealed the occupancy of substrate-binding cavities and

interactions with active site amino acids. It was seen that along with the occupancy of the S1

cavity by ring A, ring B was accommodated in the S3 pocket of BACE 1. Its guanidinium

moiety formed strong hydrogen bonding interactions with the key aspartate dyads Asp228 and

Asp 32. In the case of AChE, ring A was seen to accommodate in the CAS pocket with

enhanced z-x stacked interactions with Leul30, Gly120, Tyr133, and ring B occupied PAS

with 7-r stacking with Glu202, Trp86, His447. Similar results were observed for series 2

compounds, as indicated by compound 20, and are shown in Figure 15.
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Table 8. In silico docking results of Series-11 derivatives

HNﬁ’,NH2

Glide Score | Glide Score
Compound R1 Rz Mol. Wit. AChE BACEL
Code (4EYT) (6UWP)
(kcal/mol) (kcal/mol)
2a -H 3,5-di-OCH3 403.49 -8.55 -9.62
2b -H 4-Cl 377.88 -1.73 -4.65
2C -H 4-Br 422.33 -8.68 -6.79
2d -H 4-OCF3 427.43 -11.32 -9.12
2e -H biphenyl-4-yl 419.53 -11.47 -9.87
2f -H 4-CF3 411.43 -10.21 -9.68
29 -H 4-F 361.42 -10.49 -9.81
2h -H 2-CN 368.44 -11.24 -9.64
2i -H 4-OCHF; 409.44 -11.31 -8.58
2] -H 2,5-di-F 379.41 -11.07 -9.53
2k -H 4-bromo,2-fluoro 440.32 -10.82 -7.35
2l -H 2,5-di-Cl 412.32 -10.91 -7.88
2m -H 4-CHs 357.46 -14.63 -3.74
2n -H 2-F 361.42 -10.03 -9.23
20 -H 4-F-2-CF3 429.42 -12.59 -7.94
2p -H 3,5-bis-CF3 479.43 -10.97 -6.74
2q -H 4-butyl 399.54 -6.29 -3.61
2r -H 2,4-di-F 379.41 -12.54 -7.69
23 -H 4-NO; 388.43 -10.10 -6.22
2t -H 3-Br 422.33 -10.04 -7.30
2u -H 4-CN 368.44 -9.22 -8.13
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2V -H 3-CN 368.44 -10.73 -6.89
2w -H 5-F,2-CH3 375.45 -8.47 -2.79
2X -H 4-tertbutyl 399.54 -9.08 -6.05
2y -H 4-isopropyl 385.52 -10.34 -8.35
Donepezil - -14.56 -
[-Secretase Inhibitor 1V - - -7.65
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Figure 15. (A) 2D interaction plot of compound 20 in 4EY7 (Glide score-12.59 kcal/mol); (B)
2D interaction plot of compound 20 in 6UWP (Glide score-7.94 kcal/mol)

Table 9. In silico docking results of Series-111 derivatives

HNﬁ’,NHZ

HN.,

R4
Ry @

Glide Score | Glide Score

Compound AChE BACE 1

Ri1 R2 Mol. Wt.

Code (4EYT) (6UWP)

(kcal/mol) (kcal/mol)
3a 4-Cl 4-Br 456.77 -12.75 -9.77
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3b 4-F 4-Br 440.32 -11.64 -10.67
3c 4-CFs 4-Br 490.33 -10.24 -3.82
3d 4-CHs 4-Br 436.36 -12.40 -9.80
3e 4-CF3 4-butyl 467.54 -5.02 -71.94
3f 4-tertbutyl 4-OCF3 483.54 -10.97 -6.74

39 4-CFs 4-CFs 479.43 -6.29 -3.61
3h 2,3-di-OCH3 4-CHs 417.51 -8.55 -9.62
3i 3,4-di-OCH3 4-F,2-CF3 489.47 -7.73 -4.65

3 2,3-di-OCH3 4-OCF3 487.48 -8.68 -6.79

3k 4-tertbutyl 2,4-di-F 435.52 -11.32 -9.12
3l 3,4-di-OCHs 3,5-di-OCH3 463.54 -11.47 -9.87

3m 3,4-di-F 4-tertbutyl 435.52 -10.21 -9.68
3n 4-tertbutyl biphenyl-4-yl 475.64 -10.49 -9.81
30 4-tertbutyl 4-CF3 505.67 -11.24 -9.64
3p 4-isopropyl 3,6-di-F 421.50 -8.55 -9.62
39 4-tertbutyl 4-Br 478.44 -71.73 -4.65
3r 3,4-di-OCHs A-tertbutyl 459.59 -9.93 -7.35
3s 4-tertbutyl 4-tertbutyl 455.65 -12.73 -9.35

Donepezil - -14.56 -
[-Secretase Inhibitor IV - - -7.65

Compound 3lI, having substituted rings A and B, showed moderate BACE 1 inhibition and

displayed hydrogen bonding interactions with aspartate dyad Asp228, Asp 32. It was seen ring

A occupies the S1 cavity (Tyr71, Lys107), and the S3 cavity is occupied by ring B (Arg235,

Thr72). In the case of AChE, 3l was seen to accommodate the CAS pocket with enhanced n-n
stacked interactions with Trp286, hydrogen bonded with Phe295, Tyr341 and occupies PAS

by n-n stacking with Phe297, Trp86 as shown in Figure 16.
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Figure 16. (A) 2D interaction plot of compound 3l in 4EY7 (Glide score-11.47 kcal/mol); (B)
2D interaction plot of compound 3l in 6UWP (Glide score-9.87 kcal/mol).

Table 10. Interactions of the representative compounds in the active site of BACE 1 (6UWP)

Compounds

Glide
score
(kcal/mol)

Hydrogen Bonds Interacting
residues and bonding

distance

Hydrophobic Interactions

1

-9.35

Asp32 (1.85A), Asp228
(2.49 A), Thr231 (2.44 A),
Asn233 (2.48 A), Ser325
(1.59 A)

Tyr71 (n-n stacked, 3.42 A),
GIn73 (n-m stacked, 2.54 A),
Thr231 (n-n stacked,1.79 A),
Thr232 (n-n stacked, 2.34 A)

1k

-8.22

Asp228 (1.80A)

Asp228 (salt bridge, 2.79A)

1h

-8.03

Asp32 (2.43A and 1.89A),
Asp228 (2.14 A), Tyr198
(1.65 A), Ser35 (1.45A)

Tyr71 (n-m stacked, 4.02A),
Trp76 (n-m stacked, 2.80A),
Ile126 (m-m stacked, 5.49 A),
1e226 (m-m stacked, 3.25 A),
Val332 (n-n stacked, 2.58 A)

2i

-8.58

Asp32 (1.99A and 1.89A),
Asp228 (1.94 A), Phe108
(1.65 A), Ser10 (2.64 A),
Thr232 (1.32 A), Gly230
(1.24 A), Gly13 (1.84 A)

Tyr71 (n-n stacked, 2.22 A),
GIn12 (halogen bond, 1.59 A),
Ser229 (halogen bond, 2.34 A),
Thr231 (halogen bond, 1.57 A)
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20 -7.94 Asp32 (1.96A and 1.75A), | Thr231 (n-n stacked, 1.54 A),
Asp228 (2.31 A), Thr232 Glyl1 (n-m stacked, 2.11 A),
(1.35 A), Phe108 (1.88 A) Ser10 (n-7 stacked, 2.55 A),
Ile110 (m-w stacked, 2.36 A)
2q -8.64 Asp32 (2.40A), Asp228 Tyr71 (n-n stacked, 5.28 A),
(2.11and 1.75 A) Arg128 (pi- cation, 3.26 A),
Asp228 (salt bridge, 2.71A)
2r -7.69 Asp32 (2.16 and 1.88A), Tyr71 (n-n stacked, 3.99 A)
Asp228 (1.71A)
2s -6.22 Asp32 (1.74 and 1.90A) Asp228 (salt bridge, 4.99 A),
Asp32 (salt bridge, 2.76A)
2t -7.34 11e126 (2.15A), Asn37 GIn73 (halogen bond, 3.25A),
(1.89A), Trp76 (2.54A) Tyr71 (n-m stacked, 3.35 A)
2u -8.13 Trp76 (2.71A), Asn37 -
(1.88A)
3l -9.87 Asp32 (1.57 and 2.50A), Tyr71 (n-m stacked, 2.34 A)
Asp228 (2.25A), Gly230
(1.34 A), Arg235 (1.25 A),
Thr72 (1.58 A), Thr71 (2.31
A), Lys107 (1.75 A),
3s -9.35 Asp32 (1.77 and 2.12A) Asp228 (salt bridge, 4.81A),

Asp32 (salt bridge, 2.93A)

Table 11. Interactions of the representative compounds in the active site of AChE (4EY7)

Compounds Glide Hydrogen Bonds Hydrophaobic Interactions
score Interacting residues and
(kcal/mol) bonding distance
1j -11.47 His447 (1.64 and 2.12A), Tyr124 (n-m stacked, 4.27 A),

Asp74 (1.85A), Gly121
(1.75A), Ser125 (1.35A),
Val73 (1.38A), Asn87
(2.15A), Pro88 (1.68A),

His447 (n-n stacked, 4.21 A),
Tyr337 (n-m stacked, 3.85 A),
Trp86 (n-m stacked, 2.75 A)
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1k -10.12 His447 (2.38A) Trp86 (n-cation, 3.12 A), Phe338
(n-m stacked, 5.47 A), His447 (n-
7 stacked, 5.01 A), Tyr341 (n-n
stacked, 3.98 A),
1h -12.26 Asp74 (2.22R), Tyr341 Gly120 (n-w stacked, 3.68A),
(1.74A), His447 (2.14A), Leul30 (n-n stacked, 3.97 A),
Gly121 (1.22A), Tyr133 Glu202 (n-7 stacked, 2.82 A),
(2.35A), Trp86 (n-7 stacked, 1.89 A),
His447 (n-n stacked, 2.48 A)
2i -11.31 Ser203 (2.80A), His447 Tyrl124 (n-= stacked, 3.65 A),
(2.14 and 2.12A), Gly121 Ser125 (n-m stacked, 2.31A),
(1.36A), Phe338 (1.59A) | Trp86 (n-m stacked, 3.43 A), Tyr
337 (n-m stacked, 1.45 A),
Tyr337 (halogen bond, 1.45 A),
Phe338 (n-m stacked, 1.35 A)
20 -12.59 | Ser125 (2.15and 2.12A), Trp86 (n-w stacked, 3.42 A),
Gly120 (1.36 and 2.36A), Tyr341 (n-m stacked, 2.37 A),
Trp86 (1.37A), Gly121 Tyr337 (n-x stacked, 1.39 A),
(2.68A), Asp74 (1.39A), Phe338 (n-7 stacked, 2.49 A),
Tyr341 (3.49A), Gly448 Gly448 (n- stacked, 2.31 A),
(1.29A) His447 (halogen bond, 2.24A),
2q -6.29 Glu202 (2.07A) Phe338 (n-x stacked, 4.37 A),
Tyr124 (n-m stacked, 5.41 A)
2r -12.54 - Trp86 (n-n stacked, 5.00 and 5.23
A), Phe338 (n-m stacked, 3.97A),
Tyr341 (n-n stacked, 4.93 A),
Trp286 (n-m stacked, 4.21 A)
2s -10.15 Glu202 (1.91 and 2.08A), Tyr124 (n-m stacked, 5.40 A),
Phe295 (2.21A) Tyr337 (n-n stacked, 3.90A),
Glu202 (salt bridge, 3.02A)
2t -10.04 His447 (2.08A) Phe338 (n-m stacked, 4.87 A),

Tyr124 (n-n stacked, 5.47A),
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Tyr72 (halogen bond, 3.39 A),
Asp74 (halogen bond, 2.84A)

2u -9.99 Glu202 (2.20A) Tyr124 (n-n stacked, 5.43 and
5.45A), Tyr341 (n-n stacked,

3.854),
3l -11.47 Tyr341 (2.04A), Phe295 Trp86 (n-7 stacked, 3.23 and

(2.25A), Val294 (1.65A), 2.31A), Trp286 (n-m stacked,

Ser293 (2.38A), Arg296 4.46A), Phe297 (n- stacked,

(1.28AR), Tyr337 (1.49A), 1.83A)

His447 (2.04 and 1.77A),
Trp86 and 1.54A)

3s -12.73 Asp74 (2.03A) Tyr337 (n-n stacked, 5.48A),

Asp74 (salt bridge, 2.95A)

4.1.3. Theoretical prediction of the drug-likeness and ADMET properties of series I, 11,
and 111 compounds

The net desired pharmacological activities of drugs/ drug candidates depend on their in-vitro
potential and the pharmacokinetic fate (i.e., ADME). Generally, drug discovery and
development is a complicated and lengthy process that deals with huge financial and time
investments. Due to the unintended side/adverse effects and lack of site delivery, numerous
drug candidates fail during the drug discovery program. Drug candidates' fate can be predicted
using numerous in-silico molecular and/or data modeling methods to reduce the attrition rate
during the discovery process. These approaches offer an option to reduce the overall attrition
rate during the drug discovery process.

The drug-like characteristics of target compounds were evaluated using Schrodinger QikProp
software, which indicated that the properties are comparable to that of donepezil (Tables 12-
14). It includes molecular weight of the molecule [mol MW (130-725)], estimated number of
hydrogen bonds that the solute would donate to water molecules in an aqueous solution [Donor
HB (0-6.0)], estimated number of hydrogen bonds that would be accepted by the solute from
water molecules in an aqueous solution [Acceptor HB (2.0-20.0)] as well as the other important
factors like total solvent accessible surface area [SASA (300-1000)], predicted brain/blood
partition coefficient [QPlogBB (-3.0 to 1.2)], predicted octanol/water partition coefficient

[QPlogPo/w (-2.0 to 6.5)], predicted qualitative human oral absorption [% Human oral
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absorption (0 to 100% scale)] and predicted IC50 value for blockage of HERG K+ channels

[QplogHERG (concern below —5)]. The results indicated that all the compounds from series I,

I1, and 111 possess "drug-like" properties.

Table 12. In-silico Predicted Drug-likeness and ADME characteristics of series-1 as

determined by QikProp

Compoun | Mol_Wt.2 | Donor | Acceptor | SASAY | Qplog | Qplog | % Human Qplog
d HBP HBC BB® o/wf oral HERG"
Code absorption
9
la 343.430 | 4.000 3.500 630.010 | -1.087 | 4.117 | 100.000 -6.430
1b 377.875 4.000 3.500 646.608 | -0.934 | 4.559 100.000 -6.214
1c 361.421 4.000 3.500 630.741 | -0.977 | 4.295 100.000 -6.149
1d 357.457 | 4.000 3.500 668.000 | -1.128 | 4.510 | 100.000 -6.675
le 371.484 | 4.000 3.000 701.294 | -1.060 | 5.056 100.000 -6.929
1f 412.493 5.000 4.250 703.622 | -1.470 | 4.360 100.000 -6.536
19 333.392 | 4.000 4.000 605.697 | -1.100 | 3.524 | 100.000 -6.176
1h 344.418 4.000 4.500 620.429 | -1.215 | 3.557 100.000 -6.197
1i 377.875 4.000 3.500 642.624 | -0.938 | 4.539 100.000 -6.172
1j 388.428 4.000 4.500 659.177 | -2.115 | 3.417 82.950 -6.192
1k 412.321 4.000 3.500 667.126 | -0.792 | 5.029 96.031 -6.114
1l 449.554 | 4.000 4.250 811.092 | -1.471 | 6.052 100.000 -8.227
im 388.428 | 4.000 4.500 644.328 | -1.895 | 3.493 86.104 -5.967
1n 388.428 4.000 4.500 668.991 | -2.178 | 3.441 82.853 -6.389
lo 419.528 4.000 3.500 752.204 | -1.288 | 5.679 100.000 -7.707
1p 412.321 | 4.000 3.500 665.310 | -0.903 | 4.942 | 100.000 -6.016
1q 361.421 4.000 3.500 629.172 | -0.964 | 4.318 100.000 -6.079
1r 368.440 4.000 5.000 657.560 | -1.880 | 3.388 87.066 -6.337
1s 368.440 | 4.000 5.000 667.442 | -1.923 | 3.426 87.288 -6.536
1t 379.411 4.000 3.500 633.479 | -0.859 | 4.513 100.000 -5.925
lu 379.411 4.000 3.500 638.710 | -0.901 | 4.491 100.000 -6.061
1v 361.421 | 4.000 3.500 624.836 | -0.968 | 4.282 | 100.000 -6.041
1w 357.457 4.000 3.500 652.693 | -1.116 | 4.362 100.000 -6.167
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1x 373.457 | 4.000 4.250 660.750 | -1.182 | 4.209 100.000 -6.227
ly 411.429 | 4.000 3.500 668.679 | -0.876 | 4.997 100.000 -6.130
1z 379.411 | 4.000 3.500 638.004 | -0.975 | 4.474 100.000 -5.915
laa 435.527 | 4.000 4.000 764.137 | -1.331 | 5.706 100.000 -7.804
lab 399.538 | 4.000 3.500 719.893 | -1.215 | 5.302 100.000 -6.196
lac 403.483 | 4.000 5.000 710.042 | -1.304 | 4.370 100.000 -6.402
lad 385.511 | 4.000 3.500 708.922 | -1.233 | 5.025 95.748 -6.365
lae 373.457 | 4.000 4.250 660.516 | -1.279 | 4.166 100.000 -6.143
laf 458.307 | 4.000 3.500 670.742 | -0.779 | 5.025 96.075 -6.091
lag 449.554 | 4.000 4.250 805.833 | -1.472 | 6.019 100.000 -8.121
lah 386.499 | 4.000 4.500 699.430 | -1.240 | 4.544 100.000 -6.313
lai 422.326 | 4.000 3.500 649.620 | -1.017 | 4.589 100.000 -6.107
1aj 422.326 | 4.000 3.500 658.707 | -0.928 | 4.676 100.000 -6.396
lak 403.483 | 4.000 5.000 705.052 | -1.274 | 4.404 100.000 -6.258
Donepezil | 379.49 - 5.5 707.05 | 0.057 | 4.293 100.000 -6.588

a. Mol_Wst.-Molecular weight of the compound, b. Donor HB- Hydrogen bond donor in a

molecule, c. Acceptor HB-Hydrogen bond acceptor with in a molecule, d. SASA- Total solvent

accessible surface area (SASA) in square angstroms using a probe with a 1.4 A radius, e.

QplogBB-Predicted brain/blood partition coefficient, f. Qplogo/w-Predicted octanol/water

partition coefficient, g. % Human oral absorption-Predicted human oral absorption on 0 to

100% scale, h. QplogHERG-Predicted ICso value for blockage of HERG K+ channels.

Table 13. In-silico Predicted Drug-likeness and ADME characteristics of series-11 as

determined by QikProp

Compoun | Mol_Wt.2 | Dono | Accepto | SASAY | Qplog | Qplog % Qplog

d rHBP | r HB® BB® | o/wf Human HERG"
Code oral
absorptio
ng

2a 403.483 | 4.000 5.000 | 684.161 | -1.133 | 4.415 | 100.000 -5.996
2b 377.875 | 4.000 3.500 | 639.135 | -0.903 | 4.513 | 100.000 -6.132
2c 422.326 | 4.000 3.500 | 651.121 | -0.875 | 4.647 | 100.000 -6.334
2d 427.428 | 4.000 3.500 | 671.090 | -0.791 | 5.153 | 100.000 -6.285
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2e 419.528 | 4.000 3.500 | 724.230 | -1.079 | 5.637 | 100.000 -7.301
2f 411.429 | 4.000 3.500 | 654.948 | -0.760 | 4.933 | 100.000 -6.085
29 361.421 | 4.000 3.500 | 630.291 | -0.984 | 4.283 | 100.000 -6.151
2h 368.440 | 4.000 5.000 | 629.020 | -1.435 | 3.520 94.248 -6.015
2i 409.438 | 4.000 3.500 | 657.333 | -0.831 | 4.961 | 100.000 -6.122
2j 379.411 | 4.000 3.500 | 629.178 | -0.997 | 4.358 | 100.000 -5.887
2k 440.317 | 4.000 3.500 | 648.608 | -0.848 | 4.700 | 100.000 -6.137
2 412.321 | 4.000 3.500 | 648.197 | -0.899 | 4.721 | 100.000 -6.014
2m 357.457 | 4.000 3.500 | 644.886 | -1.036 | 4.373 | 100.000 -6.116
2n 361.421 | 4.000 3.500 | 624.077 | -1.098 | 4.152 | 100.000 -6.064
20 429.419 | 4.000 3.500 | 690.374 | -1.029 | 5.032 93.997 -6.629
2p 479.427 | 4.000 3.500 | 843.008 | -1.012 | 6.642 | 100.000 -8.194
2q 399.538 | 4.000 3.500 | 795.211 | -1.684 | 5.607 96.498 -7.389
2r 379.411 | 4.000 3.500 | 628.502 | -0.906 | 4.423 | 100.000 -5.867
2s 388.428 | 4.000 4500 | 655.038 | -1.936 | 3.511 86.516 -6.225
2t 422.326 | 4.000 3.500 | 633.645 | -0.883 | 4.549 | 100.000 -5.969
2u 368.440 | 4.000 5.000 | 651.492 | -1.780 | 3.413 88.634 -6.268
2V 368.440 | 4.000 5.000 | 645.573 | -1.687 | 3.456 90.085 -6.172
2w 375.448 | 4.000 3.500 | 622.419 | -1.246 | 4.038 | 100.000 -5.426
2X 399.538 | 4.000 3.500 | 679.572 | -0.935 | 5.252 | 100.000 -5.725
2y 385.511 | 4.000 3.500 | 680.828 | -0.999 | 5.035 | 100.000 -6.052
Donepezil | 379.49 - 5.5 707.05 | 0.057 | 4.293 | 100.000 -6.588

a. Mol_Wst.-Molecular weight of the compound, b. Donor HB- Hydrogen bond donor in a

molecule, c. Acceptor HB-Hydrogen bond acceptor with in a molecule, d. SASA- Total solvent

accessible surface area (SASA) in square angstroms using a probe with a 1.4 A radius, e.

QplogBB-Predicted brain/blood partition coefficient, f. Qplogo/w-Predicted octanol/water

partition coefficient, g. % Human oral absorption-Predicted human oral absorption on 0 to

100% scale, h. QplogHERG-Predicted ICso value for blockage of HERG K+ channels.

Table 14. In-silico Predicted Drug-likeness and ADME characteristics of series-1l11 as

determined by QikProp

Compoun
d

Mol_Wt.2

Donor
HBP

Acceptor
HBe

SASAd

Qplog
BBe

Qplog
o/wf

% Human

oral

Qplog
HERGh
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Code absorption
g
3a 456.772 4.000 3.500 673.254 | -0.722 | 5.129 100.000 -6.222
3b 440.317 4.000 3.500 657.876 | -0.762 | 4.881 100.000 -6.156
3c 490.325 | 4.000 3.500 | 691.961 | -0.655 | 5.527 100.000 -6.116
3d 436.353 | 4.000 3.500 | 675.060 | -0.912 | 4.889 100.000 -6.100
3e 467.536 4.000 3.500 737.972 | -1.427 | 5.678 94.319 -5.945
3f 483.535 | 4.000 3.500 | 763.803 | -0.917 | 6.333 100.000 -6.138
3g 479.427 | 4.000 3.500 | 712.250 | -0.506 | 5.961 100.000 -6.179
3h 417.510 4.000 5.000 722.610 | -1.195 | 4.712 100.000 -6.110
3i 489.472 | 4.000 5.000 | 766.335 | -1.217 | 5.301 95.609 -6.465
3 487.481 | 4.000 5.000 | 731.897 | -0.928 | 5.404 | 100.000 -5.942
3k 435.519 4.000 3.500 730.537 | -1.063 | 5.655 100.000 -5.913
3l 463.535 4.000 6.500 748.316 | -1.307 | 4.603 100.000 -5.683
3m 435.519 | 4.000 3.500 | 705.680 | -0.788 | 5.702 100.000 -5.655
3n 475.635 4.000 3.500 832.957 | -1.212 | 6.901 100.000 -71.415
30 467.536 4.000 3.500 766.147 | -1.004 | 6.224 100.000 -6.145
3p 421.492 4.000 3.500 716.294 | -1.049 | 5.367 100.000 -6.112
39 478.434 | 4.000 3.500 742.424 | -1.009 | 5.813 100.000 -6.151
3r 459.590 4.000 5.000 766.015 | -1.112 | 5.553 100.000 -5.853
3s 455.645 | 4.000 3.500 | 787.746 | -1.034 | 6.554 | 100.000 -5.912
Donepezil 379.49 0.0 5.5 707.05 | 0.057 | 4.293 100.000 -6.588

a. Mol_Wst.-Molecular weight of the compound, b. Donor HB- Hydrogen bond donor in a

molecule, c. Acceptor HB-Hydrogen bond acceptor with in a molecule, d. SASA- Total solvent

accessible surface area (SASA) in square angstroms using a probe with a 1.4 A radius, e.

QplogBB-Predicted brain/blood partition coefficient, f. Qplogo/w-Predicted octanol/water

partition coefficient, g. % Human oral absorption-Predicted human oral absorption on 0 to

100% scale, h. QplogHERG-Predicted ICso value for blockage of HERG K+ channels

4.1.4. Molecular docking of Indol-3-yl-phenyl allylidene hydrazine carboximidamide

analogues

The compounds, 4a-4af having ring A substituted, 5a-5x having ring B substituted, and 6a-6u

both rings were substituted and docked into the crystal structures of Human AChE and BACE
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1 (PDB ID: 4EY7 and 6UWP). Figure 17 shows that the docked compounds overlapped within
the BACE1 (PDB: 6UWP) and AChE (PDB: 4EY7) active sites.

Figure 17. (A) and (B) show overlapping of all of the docked compounds within the active site

of 4EY7 and 6UWP, respectively.

The derivatives showed promising results in the docking simulations, exhibiting interactions

similar to those observed in the co-crystallized ligands and favorable binding energies (Tables

15-17). The analysis of compound 40 in the active site of both enzymes (Figure 18) revealed

the occupancy of substrate-binding cavities and interactions with active site amino acids. It was

seen that along with the occupancy of the S1 cavity by ring A, ring B was accommodated in

the S3 pocket of BACE 1. Its guanidinium moiety formed strong hydrogen bonding interactions

with the key aspartate dyads Asp228 and Asp 32. In the case of AChE, ring A was seen to

accommodate in the CAS pocket with enhanced n-7t stacked interactions with Tyr341, Val294,

and Phe295, and ring B occupied PAS by n-n stacking with Trp86.

Table 15. In silico docking results of Series-1V (4a-4z, 4aa-4af) derivatives

HN?,NHZ

Compound
Code

R1

R2

Mol. Wi.

Glide Score
AChE
(4EYT)

Glide Score
BACE 1
(6UWP)
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(kcal/mol) (kcal/mol)
4a 3,4-di-F -H 429.47 -9.99 -5.21
4b 3-Phenoxy -H 485.59 -7.01 -6.35
4c 4-tertbutyl -H 449.60 -7.04 -5.27
4d 3,4-di-OCH3 -H 453.55 -8.99 -4.26
de 4-isopropyl -H 435.58 -10.87 -8.36
4f 3-OCH3s -H 423.52 -12.28 -7.68
49 3-F -H 411.48 -8.96 -6.95
4h 4-Benzyloxy -H 499.62 -10.74 -8.57
4i 4-dimethylamino -H 436.56 -12.09 -10.90
4j 3-Br -H 472.39 -9.88 -5.94
4k 4-Br -H 472.39 -10.15 -3.31
41 2,5-di-OCH3 -H 453.55 -10.56 -7.52
4m 4-CHs -H 407.52 -9.40 -7.26
4n 3-NO2 -H 438.49 -11.56 -8.67
40 4-CN -H 418.50 -11.08 -10.98
4p 2-F -H 411.48 -4.26 -6.03
4q 2,4-di-F -H 429.47 -7.55 -6.34
4r -H -H 393.49 -10.73 -7.98
4s 4-OCHs -H 423.52 -10.28 -9.78
4t 2-NO2 -H 438.49 -11.27 -6.85
4u 4-CFs -H 461.49 -12.10 -7.25
4v 2-Br,5-Cl -H 506.83 -11.22 -71.78
4w 3-Benzyloxy -H 499.62 -12.75 -9.77
4x 4-NO> -H 438.49 -11.64 -10.67
4y 3-CN -H 418.50 -10.24 -3.82
4z 2,5-di-F -H 429.47 -12.40 -9.80
4aa 2,3-di-OCH3 -H 453.55 -12.41 -5.64
4ab 2,4-di-Cl -H 462.38 -10.13 -10.02
4ac 4-Cl -H 427.94 -10.46 -9.81
4ad 3,4-di-Cl -H 462.38 -10.17 -9.92
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4ae 4-F -H 411.48 -11.91 -10.13
4af 2-CHs -H 407.52 -10.84 -7.36
Donepezil - -14.56 -
B-Secretase Inhibitor IV - - -7.65
TYR
B:337 SER ARG
B:293 A:128
A 8338 vaL
& O
B:341
294 4 AT
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Interactions
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[ Pi-Donor Hydrogen Bond pi-Akyl
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B P staded
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Figure 18. (A) 2D interaction plot of compound 40 in AChE (Glide score -11.08 kcal/mol);
(B) 2D interaction plot of compound 40 in BACE 1 (Glide score -10.98 kcal/mol)

Table 16. In silico docking results of Series-V (5a-x) derivatives

HN?,NH2

Glide Score | Glide Score
Compound AChE BACE 1
Code R R Mol Wt (4EYT) (6UWP)
(kcal/mol) (kcal/mol)
5a -H 4-butyl 449.60 -9.98 -7.48
5b -H 4-OCFs 477.49 -8.71 -7.34
5¢ -H 2,4-di-F 429.47 -12.89 -9.68
5d -H A-tertbutyl 449.60 -12.54 -8.64
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oe -H 4-CF3 461.49 -10.54 -9.13
5f -H 3,5-bis-CF3 529.49 -11.05 -71.87
5g -H 2,5-di-F 429.47 -10.36 -71.54
5h -H 4-F-2-CF3 479.48 -10.69 -8.56
5i -H 4-CHs 407.52 -10.35 -9.04
5] -H 2-CN 418.50 -11.13 -8.24
5k -H 4-bromo 469.59 -5.02 -7.94
methylbiphenyl
51 -H 4-Cl 427.94 -10.97 -6.74
5m -H 3-benzyloxy 499.62 -6.29 -3.61
on -H 4-Br 472.39 -12.54 -7.69
50 -H 3,5-di-OCH3 453.55 -10.10 -6.22
5p -H 4-F 411.48 -10.04 -7.30
5q -H 2-F 411.48 -9.22 -8.13
or -H 4-Br-2-F 490.38 -10.73 -6.89
5s -H 2,5-di-Cl 462.38 -8.47 -2.79
St -H 4-NO2 438.49 -9.08 -6.05
su -H 3-Br 472.39 -9.99 -5.21
5v -H 3-CN 418.50 -7.01 -6.35
5w -H 4-CN 418.50 -7.04 -5.27
5x -H 4-isopropyl 435.58 -10.37 -8.89
- -14.56 -
[3-Secretase Inhibitor IV - - -7.65
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Figure 19. (A) 2D interaction plot of compound 5f in 4EY7 (Glide score -11.05 kcal/mol); (B)
2D interaction plot of compound 5f in 6UWP (Glide score -7.87 kcal/mol)

Table 17. In silico docking results of Series-V1 (6a-u) derivatives

HN?,NH2

Glide Score | Glide Score
Compound AChE BACE 1
Code R R Mol Wt (4EYT) (6UWP)
(kcal/mol) (kcal/mol)
6a 2,3-di-OCH3 4-OCFs3 537.54 -8.99 -4.26
6b 3-Phenoxy 3-Br 564.49 -10.87 -8.36
6¢ 4-tertbutyl 2,4-di-F 485.58 -12.28 -7.68
6d 4-CF3 4-CF3 529.49 -8.96 -6.95
6e 3,4-di-OCH3 3,5-di-OCH3 513.60 -10.74 -8.57
6f 4-tertbutyl 4- 525.70 -12.09 -10.90
bromomethylbiphenyl
69 3,4-di-F 4-tertbutyl 485.58 -9.88 -5.94

103




RESULTS AND DISCUSSION

6h 4-benzyloxy 4-CHs 513.65 -10.15 -3.31
6i 4-isopropyl 2,5-di-F 471.56 -10.56 -7.52
6] 4-CF3 4-F 479.48 -11.56 -8.67
6k 2,4-di-F 2-F 447.47 -10.27 -7.50
6l 4-tertbutyl 4-Br 528.50 -4.26 -6.03
6m 4-tertbutyl 4-F 467.59 -7.55 -6.34
6n 3,4-di-OCH3 4- 529.64 -10.73 -7.98
bromomethylbiphenyl
60 4-tertbutyl 4-tertbutyl 505.71 -10.28 -9.78
6p 4-benzyloxy 3-benzyloxy 605.74 -11.27 -6.85
6q 4-CF3 4-butyl 517.60 -12.05 -6.89
6r 4-tertbutyl 4-CFs 517.60 -11.22 -7.78
6s 3-Phenoxy 4- 561.69 -13.67 -11.53
bromomethylbiphenyl
6t 4-benzyloxy 4-butyl 555.73 -12.15 -9.73
6u 2,3-di-OCH3 4-butyl 509.65 -10.34 -9.65
Donepezil - -14.56 -
[-Secretase Inhibitor IV - - -7.65
H A 635 & [ B|
S
B34s @ ' :
A moo e A7

AT71
Interactions

— = ARG
Conventional Hydrogen Bond )| PiPistaced A:128

Carbon Hydrogen Bond [ PiPiTshaped Interactions
] Halogen (Fluorine) ] Akvi

[ Conventional Hydrogen Bond Pi-Cation

| Pranion Pi-Alkyl Carbon Hydrogen Bond | Pi-Donor Hydrogen Bond

Pid.one Pair ] Halogen (Fluorine)

Figure 20. (A) 2D interaction plot of compound 6q in 4EY7 (Glide score -12.05 kcal/mol);
(B) 2D interaction plot of compound 6q in BACE 1 (Glide score -6.89 kcal/mol).
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Compound 6q, having substituted rings A and B, showed moderate BACE 1 inhibition and
displayed hydrogen bonding interactions with aspartate dyads Asp228, Asp 32, and Gly230. It
was seen that ring A occupies the S1 cavity, and ring B is oriented towards the S3 cavity, but
there are few interactions. In the case of AChE, 6q was seen to accommodate the CAS pocket
with enhanced n-n stacked interactions with Trp86, Gly448, Glu202, His447, hydrogen bonded
with Phe338 and occupy PAS with n-n stacked with Tyr124, Trp286, Asp74, Leu76 were also
observed and are shown in figure 20. The interactions of representative compounds with BACE
1 and AChE and their GLIDE score are given in Tables 18 and 19, respectively.

Table 18. Interactions of the representative compounds in the active site of BACE 1 (6UWP)

Compounds Glide score Hydrogen Bonds Hydrophobic
(kcal/mol) Interacting Interactions
residues and
bonding distance
4a -7.58 Asp32 (2.37and | Asp228 (salt bridge,
1.60A) 4.58A), Asp32 (salt
bridge, 3.12A)
4d -4.78 Asp32 (2.14 A), | Tyr71 (n- stacked,
Asp228 (1.76 and | 3.35,2.23 and 1.27
1.28 A), Phe108 A), Argl28 (n-n
(1.40A), GIn73 stacked, 2.86 A),
(224 and 2.73 A), | Val69 (n-n stacked,
Lys107 (2.58 A) 1.72 A)
4e -8.58 Asp32 (1.61 and Asp32 (salt bridge,
2.34A) 2.62A)
49 -7.08 Asp32 (2.18 and Asp32 (salt bridge,
1.95A) 2.89A), Asp228
(salt bridge, 4.90A)
4i -10.94 Asp32 (2.11A), | Asp228 (salt bridge,
Asp228 (1.86 A) 2.85A)
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4j -6.35 Asp32 (1.96 and Arg235 (n-n
1.67A), Asp228 stacked, 3.25 and
(2.73and 1.78 A), 2.54 A), Asp228
Trp76 (1.95 A) (salt bridge, 2.77A),
Tyr71 (mn-m stacked,
4.12 and 249 A),
Val69 (n-alkyl, 1.79
A), Asp32 (n-n
stacked, 3.21 A)
41 -8.40 Asp32 (1.74 and Asp32 (salt bridge,
1.90A) 3.00A), Asp228
(salt bridge, 4.75A)
40 -10.98 Asp32 (1.58 and Tyr71 (n-n stacked,
1.39 A), Asp228 3.26 and 2.85 A),
(2.21and 1.46 A), | Tle126 (n-m stacked,
Gly230 (2.98 A), 3.70 A)
Tyr71 (2.62 A),
Lys107 (1.65 A)
4q -7.38 Asp32 (2.09A), Asp32 (salt bridge,
Asp228 (1.88A) 2.87A)
4t -8.37 Asp32 (1.84and | Asp228 (salt bridge,
1.97A), Asp228 | 4.90A), Asp32 (salt
(2.16A), Gly230 bridge, 2.87A),
(1.99A), Arg235 | Tyr71 (n-m stacked,
(2.29A) 3.96 and 4.37 A),
Trp76 (n-m stacked,
5.10 A)
4ac -7.94 Asp32 (2.75A), Tyr71 (n-m stacked,
Asp228 (1.25A), | 1.94,3.28 and 2.97
Gly230 (1.48A), A), Lys107 (n-n

Gly34 (1.57A),
Tyr71 (2.21A),
Ser36 (1.50A),

alkyl, 4.07 A),
Val69 (n-n stacked,
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152 A), Argl28 (n-
7 stacked, 2.43 A)

5f -7.87 Asp32 (1.19A), Trp76 (n- stacked,
Asp228 (1.27 and | 1.69 A), Argl28 (n-
1.64A), Gly230 7 stacked, 2.28 A),
(2.72A), Thr231 | Val69 (n-r stacked,
(1.38A) 3.21 A), Gly11
(halogen bond, 1.56
A), 11e110 (n-n
stacked, 2.19 A),
Phel08 (n-n
stacked, 1.32 A),
Leu30 (w-w stacked,
3.21 A), lle118 (n-n
stacked, 1.82 A),
Tyr71 (n-n stacked,
3.35A)
50 -8.87 Asp32 (2.31A), Arg235 (n-n
Asp228 (1.65 and stacked, 2.61 A),
2.10A), Asn37 Argl28 (n-n
(2.42 and 1.82A), stacked, 1.47 A),
Gly34 (1.47A) Val69 (-7 stacked,
2.43 A)
6e -6.24 Asp32 (2.72and | Asp228 (salt bridge,
2.00A), Asp228 | 4.77A), Asp32 (salt
(2.41A) bridge, 2.77A),

Argl28 (n-cation,
5.08 A)
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69

-6.89

Asp32 (2.59A),
Asp228 (1.75 and
1.94A), Tyr71
(1.68A), Thr231
(3.36A), Gly230
(2.72A)

Pro70 (halogen
bond, 1.71 and 1.42
A), Arg235 (n-n
stacked, 3.19 and
1.36 A), Thr232 (n-
7 stacked, 1.53 A)

Table 19. Interactions of the representative compounds in the active site of AChE (4EY7)

Compounds | Glide score Hydrogen Bonds Hydrophobic Interactions
(kcal/mol) Interacting residues
and bonding
distance

4a -9.99 - Trp286 (m-w stacked, 5.06 and
4.83 A), Tyr341 (n-n stacked,

3.64 and 4.37 A), Trp86 (n-n

stacked, 5.28 A), Asp74 (salt

bridge, 4.97A)

4d -10.31 Tyr124 (2.64A), Trp286 (n-n stacked, 2.88 A),
Thrs3 (1.32A), Tyr124 (n-m stacked, 1.53 A),

Asn87 (1.29 and Trp86 (n-m stacked, 2.23 A),
1.94A), Tyr72 His447 (n-m stacked, 1.93 A),

(2.28A) Glu202 (n-m anion, 3.64 A),
Try337 (n-n stacked, 2.86 and
1.46 A), Phe338 (-7 stacked,

2.67 A)

4e -11.36 Tyr124 (1.98A), Asp74 (salt bridge, 3.66A),
Thr83 (2.15A), Trp286 (n-m stacked, 4.29 A),

Asn87 (1.59A) Try337 (n-n stacked, 3.86 A)

49 -10.83 Tyr72 (2.28A), Trp86 |  Trp86 (n-m stacked, 3.81 A),
(2.22A) Tyr337 (n-m stacked, 4.15A),

Tyr341 (n-n stacked, 4.69 A),
Trp72 (n-n stacked, 5.32 A)
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4i -12.09 Tyr124 (1.92A), Trp86 (n-m stacked, 3.97 A),
Tyr72 (2.59A) Tyr337 (n-n stacked, 3.86 A),
Trp286 (n-n stacked, 4.30 A)
4j -10.85 Ser125 (2.53A), Tyr341 (n-n stacked, 4.14 and
Tyr124 (2.15A), 2.36 A), Trp86 (n- stacked,
Asn87 (1.38A), 3.84,2.73 and 1.21 A), Gly126
Gly120 (1.75and | (n-m stacked, 3.93 A), Val294 (-
2.18A), 7 stacked, 1.82 A)
4l -10.56 Phe295 (2.41A) Asp74 (salt bridge, 4.11A),
Trp286 (n-n stacked, 4.03 A),
Tyr337 (n-n stacked, 5.06 A),
Trp86 (n-m stacked, 4.38 and
3.62 A)
40 -11.08 Ser293 (2.32A), Trp86 (n-7 stacked, 3.82 A),
Thr83 (2.34A), Tyr337 (n-m stacked, 4.09A),
Phe295 (2.17A) Phe338 (n-n stacked, 3.90 and
2.81A), Tyr341 (n- stacked,
2.47A), Val294 (n-w stacked,
1.38A)
4q -10.89 - Trp286 (n-m stacked, 4.36 A),
Tyr337 (n-n stacked, 4.99A),
Asp74 (salt bridge, 4.09A),
Trp86 (n-m stacked, 4.35 and
3.54A)
4t -11.44 Asp74 (2.15A), Trp86 (n-m stacked, 4.00 A),
Asn87 (2.31A), Tyr337 (n-m stacked, 3.66A),
Ser125 (2.19A), Asp74 (salt bridge, 4.54A)
Tyr124 (1.95A)
4ac -10.96 Tyr124 (2.28A), Trp286 (n-m stacked, 4.09A),
Asn87 (2.26A) Tyr337 (n-m stacked, 4.18 and

2.49A), Trp86 (m-r stacked,
3.83A), Phe338 (n-7 stacked,
1.67 A), Tyr341 (n-n stacked,
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1.38A), Val294 (n-w stacked,
2.28R), Ser293 (halogen bond,
1.37A)

Asp74 (1.65A),
Ser293 (1.71A),
Tyr341 (2.42R),
Glu292 (1.33A)

Tyr124 (n-n stacked, 2.43 A),
Tyr341 (n-n stacked, 1.834),
Trp286 (n-w stacked, 1.94A),
Leu289 (n-x stacked, 3.63A),
Trp86 (halogen bond, 2.59A),
Ser293 (halogen bond, 1.80A),
GIn291 (halogen bond, 2.83A),

Phe295 (2.55A),
Arg296 (1.31A),
Ser293 (2.78A),
Asp74 (1.33A),
Gly82 (1.98A)

Trp86 (m-m stacked, 2.07 and
1.19A), Tyr341 (n- stacked,
2.43 and 1.24A), Tyr337 (n-n
stacked, 3.87A), Trp286 (n-n
stacked, 1.63A), Tyr124 (n-n
stacked, 2.49A)

Tyr72 (1.82A)

Tyr341 (n-m stacked, 3.95A),

Trp86 (n-m stacked, 4.07 and

4.20A), Trp286 (m-w stacked,
3.70A)

5f -11.05
50 -10.37
6e -11.74
6q -12.05

Phe338 (1.83A),
His447 (2.35A),
Gly448 (1.56A)

Trp286 (n-m stacked, 4.92 and
4.72A), Tyr337 (n-m stacked,
4.59A), Tyr341 (n-m stacked,
3.47 and 4.24A), His447
(halogen bond, 3.14A), Asp74
(m-anion, 2.34A), Phe338 (n-n
stacked, 2.30A), Tyr124 (n-n
stacked, 2.28A)

4.1.5. Theoretical prediction of the drug-likeness and ADME properties of series 1V, V,

and VI compounds

The drug-like characteristics of the compounds are given in Tables 20-22. The results indicated

that all the compounds from series 1V, V, and VI possess "drug-like" properties.
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Table 20. In-silico Predicted Drug-likeness and ADME characteristics of series-1V as

determined by QikProp

Compoun | Mol _Wt.2 | Donor | Acceptor | SASAY | Qplog | Qplog | % Human Qplog
d HBP HBC BB® o/wf oral HERG"
Code absorption
g
4a 429.471 4.000 3.500 764.608 | -1.370 | 5.534 94.431 -1.524
4b 485.587 4.000 4.000 883.523 | -1.828 | 6.714 100.000 -8.990
4c 449.597 4.000 3.500 847.714 | -1.702 | 6.340 100.000 -7.652
4d 453.543 4.000 5.000 821.100 | -1.754 | 5.329 93.262 -71.534
4e 435.571 4.000 3.500 833.299 | -1.713 | 6.057 100.000 -1.744
4f 423.516 4.000 4.250 785.654 | -1.667 | 5.220 92.544 -7.671
49 411.481 4.000 3.500 756.823 | -1.466 | 5.324 93.150 -7.649
4h 499.614 | 4.000 4.250 927.400 | -1.950 | 7.083 100.000 -9.304
4i 436.558 4.000 4.500 827.517 | -1.746 | 5.564 94.146 -7.780
4j 472.386 4.000 3.500 775.778 | -1.409 | 5.655 95.161 -7.684
4k 472.386 4.000 3.500 776.328 | -1.416 | 5.650 95.064 -7.693
4 453.543 | 4.000 5.000 | 825.580 | -1.765 | 5.365 93.438 -7.568
4m 407.517 4.000 3.500 778.636 | -1.592 | 5.405 93.783 -7.648
4n 438.488 4.000 4.500 785.931 | -2.780 | 4.422 84.290 -7.673
40 418.500 4.000 5.000 785.877 | -2.492 | 4.413 88.719 -7.828
4p 411.481 4.000 3.500 754.475 | -1.481 | 5.285 92.930 -7.666
4q 429.471 4.000 3.500 762.646 | -1.376 | 5.514 94.281 -7.528
4r 393.490 | 4.000 3.500 | 745.505 | -1.559 | 5.076 91.766 -7.750
4s 423.516 4.000 4.250 784.598 | -1.658 | 5.220 92.632 -7.661
4t 438.488 4.000 4.500 773.165 | -2.498 | 4.516 88.191 -7.559
4u 461.489 | 4.000 3.500 | 800.090 | -1.338 | 6.075 100.000 -7.727
4v 506.831 | 4.000 3.500 | 790.697 | -1.246 | 6.080 84.980 -7.500
4w 499.614 | 4.000 4.250 920.929 | -1.935 | 7.036 100.000 -9.194
4x 438.488 4.000 4.500 785.735 | -2.765 | 4.439 84.540 -7.668
4y 418.500 | 4.000 5.000 | 784.536 | -2.502 | 4.384 88.390 -7.815
4z 429.471 4.000 3.500 763.473 | -1.378 | 5.520 94.304 -7.535
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4aa 453.543 4.000 5.000 813.320 | -1.680 | 5.378 94.196 -7.465
4ab 462.380 | 4.000 3.500 | 788.760 | -1.269 | 6.016 | 100.000 -7.520
4ac 427.935 4.000 3.500 771.333 | -1.423 | 5.573 94.616 -7.670
4ad 462.380 4.000 3.500 791.622 | -1.300 | 6.008 100.000 -7.568
4ae 411.481 4.000 3.500 756.622 | -1.464 | 5.320 93.169 -7.648
4af 407.517 4.000 3.500 771.757 | -1.557 | 5.401 94.004 -7.646
Donepezil 379.49 - 5.5 707.05 | 0.057 | 4.293 100.000 -6.588
a. Mol_Wst.-Molecular weight of the compound, b. Donor HB- Hydrogen bond donor in a

molecule, c. Acceptor HB-Hydrogen bond acceptor with in a molecule, d. SASA- Total solvent

accessible surface area (SASA) in square angstroms using a probe with a 1.4 A radius, e. Qplog

BB-Predicted brain/blood partition coefficient, f. Qplogo/w-Predicted octanol/water partition

coefficient, g. %0 Human oral absorption-Predicted human oral absorption on 0 to 100% scale,

h. Qplog HERG-Predicted ICso value for blockage of HERG K+ channels

Table 21. In-silico Predicted Drug-likeness and ADME characteristics of Series-V as

determined by QikProp

Compoun | Mol_Wt.2 | Donor | Acceptor | SASAY | Qplog | Qplog | % Human Qplog
d HBP HBC BB® o/wf oral HERG"
Code absorption
g
5a 449.597 | 4.000 3.500 | 875.232 | -1.892 | 6.512 | 100.000 -8.023
5b 477.488 4.000 3.500 808.453 | -1.395 | 6.215 100.000 -7.748
5C 429.471 4.000 3.500 743.599 | -1.364 | 5.364 93.467 -7.295
5d 449.597 4.000 3.500 847.238 | -1.707 | 6.311 100.000 -7.661
5e 461.489 4.000 3.500 795.142 | -1.318 | 6.048 100.000 -7.641
5f 529.487 | 4.000 3.500 | 831.014 | -1.071 | 6.960 89.907 -7.335
5g 429.471 4.000 3.500 767.702 | -1.418 | 5.495 94.194 -7.670
5h 479.479 4.000 3.500 782.347 | -1.216 | 6.082 100.000 -7.367
5i 407.517 | 4.000 3500 | 777.199 | -1.597 | 5.382 93.557 -7.631
5j 418.500 4.000 5.000 756.374 | -2.051 | 4.486 94.123 -7.514
5k 469.588 4.000 3.500 866.381 | -1.750 | 6.684 100.000 -8.836
51 427.935 | 4.000 3.500 | 769.953 | -1.415 | 5.568 94.649 -7.650
sm 499.614 | 4.000 4.250 920.872 | -1.937 | 7.030 100.000 -9.193
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5n 472.386 | 4.000 3.500 773.702 | -1.405 | 5.636 95.047 -7.655
50 453.543 | 4.000 5.000 764.559 | -1.587 | 5.116 92.024 -6.735
5p 411.481 | 4.000 3.500 753.221 | -1.456 | 5.302 93.039 -7.604
5q 411.481 | 4.000 3.500 760.689 | -1.528 | 5.267 92.852 -7.840
or 490.377 | 4.000 3.500 789.845 | -1.375 | 5.837 96.183 -7.752
5s 462.380 | 4.000 3.500 782.344 | -1.274 | 5.965 100.000 -7.550
5t 438.488 | 4.000 4.500 785.934 | -2.776 | 4.428 84.374 -1.677
Su 472.386 | 4.000 3.500 773.233 | -1.404 | 5.641 95.040 -7.649
Sv 418.500 | 4.000 5.000 776.167 | -2.445 | 4.373 88.522 -7.670
Sw 418.500 | 4.000 5.000 782.864 | -2.491 | 4.378 88.425 -7.797
5X 435.571 | 4.000 3.500 832.992 | -1.717 | 6.056 100.000 -7.744
Donepezil 379.49 - 5.5 707.05 | 0.057 | 4.293 100.000 -6.588

a. Mol_Wst.-Molecular weight of the compound, b. Donor HB- Hydrogen bond donor in a

molecule, ¢. Acceptor HB-Hydrogen bond acceptor with in a molecule, d. SASA- Total solvent

accessible surface area (SASA) in square angstroms using a probe with a 1.4 A radius, e. Qplog

BB-Predicted brain/blood partition coefficient, f. Qplogo/w-Predicted octanol/water partition

coefficient, g. %6 Human oral absorption-Predicted human oral absorption on 0 to 100% scale,

h. Qplog HERG-Predicted ICso value for blockage of HERG K+ channels

Table 22. In-silico Predicted Drug-likeness and ADME characteristics of Series-VI as

determined by QikProp

Compoun | Mol_Wt.2 | Donor | Acceptor | SASAY | Qplog | Qplog | % Human Qplog

d HBP HB¢ BB*¢ o/wf oral HERG"
Code absorption
g

6a 537.540 4.000 5.000 872.918 | -1.510 | 6.493 87.652 -7.428
6b 564.483 | 4.000 4.000 | 809.931 | -1.482 | 6.668 88.036 -7.442
6C 485.578 4.000 3.500 846.815 | -1.512 | 6.634 100.000 -7.232
6d 529.487 | 4.000 3.500 | 848.283 | -1.099 | 7.056 90.350 -7.564
6e 513.595 | 4.000 6.500 | 837.026 | -1.790 | 5.309 80.089 -6.542
6f 525.695 4.000 3.500 966.807 | -1.901 | 7.944 95.412 -8.673
69 485.578 4.000 3.500 863.344 | -1.514 | 6.775 100.000 -7.374
6h 513.641 | 4.000 4250 | 960.120 | -2.017 | 7.367 91.953 -9.166
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6i 471.552 | 4.000 3.500 842.502 | -1.605 | 6.372 100.000 -7.476
6] 479.479 | 4.000 3.500 806.767 | -1.223 | 6.301 100.000 -7.557
6k 447.462 | 4.000 3.500 774.246 | -1.328 | 5.694 95.370 -7.556
6l 528.493 | 4.000 3.500 875.719 | -1.550 | 6.900 89.426 -7.540
6m 467.588 | 4.000 3.500 855.900 | -1.594 | 6.559 100.000 -7.513
6n 529.640 | 4.000 5.000 942.841 | -1.947 | 6.927 89.643 -8.593
60 505.705 | 4.000 3.500 937.978 | -1.815 | 7.527 93.226 -7.389
6p 605.738 | 4.000 5.000 930.395 | -1.931 | 7.959 95.503 -8.438
6q 517.596 | 4.000 3.500 928.561 | -1.666 | 7.504 93.048 -7.936
6r 517.596 | 4.000 3.500 897.770 | -1.476 | 7.310 91.792 -7.533
6s 561.685 | 4.000 4.000 928.041 | -1.909 | 7.858 93.739 -8.905
o6t 555.721 | 4.000 4.250 1048.56 | -2.350 | 8.407 100.000 -9.311
6u 509.650 | 4.000 5.000 948.928 | -2.143 | 6.769 87.674 -7.679
Donepezil 379.49 - 5.5 707.05 | 0.057 | 4.293 100.000 -6.588

a. Mol_Wst.-Molecular weight of the compound, b. Donor HB- Hydrogen bond donor in a
molecule, c. Acceptor HB-Hydrogen bond acceptor with in a molecule, d. SASA- Total solvent
accessible surface area (SASA) in square angstroms using a probe with a 1.4 A radius, e. Qplog
BB-Predicted brain/blood partition coefficient, f. Qplogo/w-Predicted octanol/water partition
coefficient, g. %0 Human oral absorption-Predicted human oral absorption on 0 to 100% scale,
h. Qplog HERG-Predicted ICso value for blockage of HERG K+ channels

4.2 Synthesis and characterization of designed compounds

4.2.1 Pyrrol-2-yl-phenyl allylidene hydrazine carboximidamide analogues

A total of 81 analogues were synthesized as per the procedure given in section 3.2. The
characterization data is given below:

4.2.1.1 (E)-2-((E)-1-(1-benzyl-1H-pyrrol-2-yl)-3-phenylallylidene)hydrazine-1-
carboximidamide (1a)

Yield 89 %, brown solid; mp: 211-213 °C; *H NMR (400 MHz, DMSO-d6) & 10.88 (s, 1H),
8.07 — 7.44 (m, 3H), 7.43 — 7.16 (m, 6H), 7.14 — 7.00 (m, 2H), 6.90 (d, J = 7.4 Hz, 3H), 6.73
(d, J = 2.2 Hz, 1H), 6.20 — 6.16 (m, 1H), 5.58 (s, 2H), 2.20 (s, 2H).; *C NMR (100 MHz,
DMSO0-d6) 6 170.31, 159.63, 159.18, 156.12, 148.85, 147.57, 139.96, 129.23, 129.00, 128.93,
128.85, 128.71, 127.34, 126.72, 126.34, 116.21, 108.54, 52.60, 21.22, 18.55, 16.91.; HRMS-
ESI+ calculated for C21H22Ns [M+H] ™ 344.1875, found: 344.1874.
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4.2.1.2 (2)-2-((E)-1-(1-benzyl-1H-pyrrol-2-yl)-3-(4-chlorophenyl)allylidene) hydrazine-1-
carboximidamide (1b)

Yield 79 %, yellow solid; mp: 208-220 °C; *H NMR (400 MHz, DMSO-d6) & 10.90 (s, 1H),
7.92 - 7.47 (m, 3H), 7.43 (s, 1H), 7.29 (t, J = 7.4 Hz, 3H), 7.21 (t, J = 7.3 Hz, 1H), 7.17 - 7.01
(m, 2H), 6.89 (d, J = 7.2 Hz, 3H), 6.73 (dd, J = 3.8, 1.6 Hz, 1H), 6.18 (dd, J = 3.7, 2.7 Hz, 1H),
5.57 (s, 2H), 2.20 (s, 2H).; *3C NMR (100 MHz, DMSO-d6) § 170.48, 159.34, 156.25, 147.90,
140.32, 129.18, 129.09, 128.94, 128.84, 128.75, 127.48, 127.41, 127.35, 127.12, 126.76,
126.45, 115.98, 108.36, 52.89, 21.34, 16.84.; HRMS-ESI+ calculated for C21H21CINs [M+H]
*378.1485, found: 378.1478.

4.2.1.3 (2)-2-((E)-1-(1-benzyl-1H-pyrrol-2-yl)-3-(4-fluorophenyl)allylidene)hydrazine-1-
carboximidamide (1c)

Yield 88 %, yellow solid; mp: 180-208 °C; *H NMR (400 MHz, DMSO-d6) & 10.86 (s, 1H),
7.42 (s, 3H), 7.25 (dt, J = 30.6, 7.2 Hz, 5H), 7.11 (s, 2H), 6.89 (d, J = 7.3 Hz, 3H), 6.73 (d, J =
2.2 Hz, 1H), 6.22 — 6.14 (m, 1H), 5.58 (s, 2H), 2.20 (s, 2H).; **C NMR (100 MHz, DMSO-d6)
8 170.20, 159.59, 159.15, 156.12, 147.49, 139.99, 129.25, 128.99, 128.93, 128.81, 128.67,
127.52, 127.35, 127.09, 127.00, 126.34, 116.02, 108.37, 52.60, 21.22, 16.97.; HRMS-ESI+
calculated for Co1H21FNs [M+H] * 362.1781, found: 362.1778.

4.2.1.4 (2)-2-((E)-1-(1-benzyl-1H-pyrrol-2-yl)-4-phenylbut-2-en-1-ylidene)hydrazine-1-
carboximidamide (1d)

Yield 76 %, yellow solid; mp: 201-225 °C; *H NMR (400 MHz, DMSO-d6) & 10.98 (s, 1H),
7.86 —7.53 (m, 3H), 7.46 — 7.26 (m, 5H), 7.20 (dd, J = 15.5, 8.1 Hz, 2H), 7.15 - 7.02 (m, 2H),
6.89 (d, J = 7.2 Hz, 2H), 6.73 (dd, J = 3.8, 1.7 Hz, 1H), 6.21 — 6.15 (m, 1H), 5.57 (d,J =7.3
Hz, 2H), 3.43 (s, 2H), 2.21 (s, 2H).

4.2.1.5 (2)-2-((E)-1-(1-benzyl-1H-pyrrol-2-yl)-5-phenylpent-2-en-1-ylidene)hydrazine-1-
carboximidamide (1e)

Yield 73 %, yellow solid; mp: 200-218 °C; *H NMR (400 MHz, DMSO-d6) & 11.09 (s, 1H),
7.71 (dd, J = 95.5, 22.9 Hz, 3H), 7.38 (d, J = 7.4 Hz, 1H), 7.36 — 7.15 (m, 6H), 7.14 — 6.97 (m,
2H), 6.90 (d, J = 7.4 Hz, 2H), 6.73 (d, J = 2.2 Hz, 1H), 6.25 — 6.08 (m, 1H), 5.58 (s, 2H), 3.81
—3.53 (m, 1H), 2.77 — 2.57 (m, 1H), 2.21 (s, 4H).; *C NMR (100 MHz, DMSO-d6) § 156.10,
151.33, 147.52, 142.32, 141.56, 140.64, 140.00, 136.73, 129.24, 129.02, 128.94, 128.81,
128.77,128.71, 128.59, 127.35, 126.35, 116.01, 108.37, 52.60, 34.73, 30.98, 16.93.

115



RESULTS AND DISCUSSION

4.2.1.6 (2)-2-((E)-1-(1-benzyl-1H-pyrrol-2-yl)-3-(5-methoxy-1H-indol-3-
yDallylidene)hydrazine-1-carboximidamide (1f)

Yield 88 %, light yellow solid; mp: 211-213 °C; *H NMR (400 MHz, DMSO-d6) & 10.96 (s,
1H), 8.10 — 7.45 (m, 3H), 7.34 (s, 1H), 7.25 (dt, J = 31.0, 7.2 Hz, 4H), 7.16 — 6.97 (m, 2H),
6.96 — 6.58 (m, 4H), 6.18 (dd, J = 3.8, 2.7 Hz, 1H), 5.58 (s, 2H), 5.18 — 4.25 (m, 1H), 3.37 (s,
3H), 2.21 (s, 2H).; *3C NMR (100 MHz, DMSO-d6) & 170.20, 159.59, 159.15, 156.12, 147.49,
139.99, 129.25, 128.99, 128.93, 128.81, 128.67, 127.52, 127.35, 127.09, 127.00, 126.34,
116.02, 108.37, 52.60, 21.22, 16.97.

4.2.1.7 (2)-2-((E)-1-(1-benzyl-1H-pyrrol-2-yl)-3-(furan-2-yl)allylidene) hydrazine-1-
carboximidamide (19)

Yield 92 %, yellow solid; mp: 203-209 °C; *H NMR (400 MHz, DMSO-d6) & 10.96 (s, 1H),
8.04 — 7.42 (m, 3H), 7.36 (d, J = 14.5 Hz, 1H), 7.25 (dt, J = 31.0, 7.2 Hz, 4H), 7.15 — 6.96 (m,
2H), 6.91 (t, J = 12.8 Hz, 2H), 6.73 (dd, J = 3.8, 1.7 Hz, 1H), 6.18 (dd, J = 3.7, 2.7 Hz, 1H),
5.58 (s, 2H), 2.21 (s, 2H).; *3C NMR (100 MHz, DMSO-d6) § 170.20, 159.59, 159.15, 156.12,
147.49, 139.99, 129.25, 128.99, 128.93, 128.81, 128.67, 127.52, 127.35, 127.09, 127.00,
126.34, 116.02, 108.37, 52.60, 21.22, 16.97.

4.2.1.8 (2)-2-((E)-1-(1-benzyl-1H-pyrrol-2-yl)-3-(pyridin-2-yl)allylidene)hydrazine-1-
carboximidamide (1h)

Yield 93 %, yellow solid; mp: 190-205 °C; *H NMR (400 MHz, DMSO-d6) & 10.95 (s, 1H),
7.55 (s, 3H), 7.25 (dt, J = 30.9, 7.2 Hz, 5H), 7.16 — 7.00 (m, 2H), 6.90 (d, J = 7.2 Hz, 3H), 6.73
(dd, J=3.9, 1.7 Hz, 1H), 6.18 (dd, J = 3.8, 2.7 Hz, 1H), 5.58 (s, 2H), 2.21 (s, 2H).

4.2.1.9 (E)-2-((E)-1-(1-benzyl-1H-pyrrol-2-yl)-3-(2-chlorophenyl)allylidene)hydrazine-1-
carboximidamide (1i)

Yield 85 %, yellow solid; mp: 203-215 °C; *H NMR (400 MHz, DMSO-d6) § 8.23 — 8.12 (m,
1H), 7.96 — 7.67 (m, 3H), 7.62 (dd, J = 4.1, 1.5 Hz, 1H), 7.54 (ddd, J = 6.9, 4.4, 2.1 Hz, 1H),
7.50 — 7.36 (m, 4H), 7.27 (dt, J = 30.5, 7.2 Hz, 4H), 7.11 (d, J = 7.1 Hz, 2H), 7.02 — 6.78 (m,
1H), 6.33 (dd, J = 4.1, 2.5 Hz, 1H), 5.69 (5,2H).; LCMS/MS-ESI+ calculated for C21H20CINs
[M+H] 377.87, found: 377.96.

4.2.1.10 (E)-2-((E)-1-(1-benzyl-1H-pyrrol-2-yl)-3-(4-nitrophenyl)allylidene)hydrazine-1-
carboximidamide (1j)

Yield 83 %, yellow solid; mp: 213-218 °C; *H NMR (400 MHz, DMSO-d6) & 10.89 (s, 1H),
7.93 - 7.54 (m, 3H), 7.53 — 7.35 (m, 2H), 7.34 — 7.08 (m, 6H), 6.89 (d, J = 7.3 Hz, 2H), 6.73
(s, 1H), 6.18 (s, 1H), 5.58 (s, 2H), 2.20 (s, 2H).; *C NMR (100 MHz, DMSO0-d6) § 170.10,
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159.36, 156.26, 147.61, 140.31, 130.74, 129.84, 129.44, 129.25, 129.11, 129.01, 128.85,
127.54,127.42,127.12, 126.44, 116.02, 108.37, 52.89, 21.34, 16.83.; HRMS-ESI+ calculated
for C21H21NsO2 [M+H]* 388.1849, found: 388.1838.

4.2.1.11 (E)-2-((E)-1-(1-benzyl-1H-pyrrol-2-yl)-3-(2,4-dichloro
phenyl)allylidene)hydrazine-1-carboximidamide (1k)

Yield 79 %, yellow solid; mp: 201-226 °C; *H NMR (400 MHz, DMSO-d6) & 8.20 (d, ] = 8.6
Hz, 1H), 7.89 — 7.71 (m, 3H), 7.67 — 7.61 (m, 1H), 7.59 — 7.39 (m, 3H), 7.34 — 7.16 (m, 5H),
7.09 (t, J =10.0 Hz, 2H), 6.90 (d, J = 6.1 Hz, 1H), 6.33 (dd, J = 4.0, 2.5 Hz, 1H), 5.68 (s, 2H).;
LCMS/MS-ESI+ calculated for C21H20Cl2Ns [M+H]" 412.10, found: 412.08.

4.2.1.12 (2)-2-((E)-1-(1-benzyl-1H-pyrrol-2-yl)-3-(3-
(benzyloxy)phenyl)allylidene)hydrazine-1-carboximidamide (1I)

Yield 79 %, yellow solid; mp: 206-215 °C; *H NMR (400 MHz, DMSO-d6) & 10.94 (s, 1H),
8.24 — 7.58 (m, 3H), 7.58 — 7.32 (m, 3H), 7.32 — 7.15 (m, 6H), 7.10 (dd, J = 9.9, 7.5 Hz, 2H),
7.02 - 6.80 (m, 4H), 6.74 (d, J = 1.7 Hz, 1H), 6.73 (d, J = 1.8 Hz, 1H), 6.18 (dd, J = 3.8, 2.7
Hz, 2H), 5.58 (s, 2H), 2.21 (s, 2H).; *3C NMR (100 MHz, DMSO-d6) § 170.12, 159.57, 159.08,
156.26, 147.56, 139.90, 132.23, 130.93, 129.27, 128.99, 128.94, 128.85, 127.42, 127.10,
126.34, 116.04, 109.46, 108.76, 52.59, 20.95, 16.81.; HRMS-ESI+ calculated for C2sH2sNs0O
[M+H]" 450.2294, found: 450.2291.

4.2.1.13 (2)-2-((E)-1-(1-benzyl-1H-pyrrol-2-yl)-3-(2-nitrophenyl)allylidene)hydrazine-1-
carboximidamide (1m)

Yield 93 %, yellow solid; mp: 225-230 °C; *H NMR (400 MHz, DMSO-d6) § 7.66 (d, J = 89.1
Hz, 3H), 7.39 (s, 2H), 7.35 - 7.18 (m, 5H), 7.14 — 7.00 (m, 2H), 6.90 (d, J = 7.3 Hz, 2H), 6.72
(s, 1H), 6.16 (d, J = 16.3 Hz, 1H), 5.56 (d, J = 12.3 Hz, 2H), 2.20 (s, 2H).; *C NMR (100 MHz,
DMSO-d6) 6 170.11, 159.65, 159.18, 156.17, 138.85, 129.51, 129.31, 129.04, 129.00, 128.90,
128.81, 128.73, 128.67, 128.25, 127.65, 116.36, 108.36, 51.91, 34.30, 21.34, 16.75.; HRMS-
ESI+ calculated for C21H21NsO2 [M+H]* 389.1726, found: 389.1730.

4.2.1.14 (Z)-2-((E)-1-(1-benzyl-1H-pyrrol-2-yl)-3-(3-nitrophenyl)allylidene)hydrazine-1-
carboximidamide (1n)

Yield 92 %, brown solid; mp: 170-195 °C; *H NMR (400 MHz, DMSO-d6) & 10.06 (s, 1H),
7.73 —7.57 (m, 3H), 7.46 (s, 2H), 7.33 — 7.15 (m, 5H), 7.10 (t, J = 10.3 Hz, 1H), 7.04 — 6.96
(m, 1H), 6.89 (d, J = 7.4 Hz, 1H), 6.67 (dd, J = 43.1, 9.1 Hz, 1H), 6.38 — 6.15 (m, 1H), 5.69 —
5.46 (m, 2H), 2.20 (s, 1H), 1.89 (s, 1H).; 3C NMR (100 MHz, DMSO-d6) § 179.14, 170.11,
161.03, 159.34, 156.57, 147.91, 142.71, 142.33, 135.40, 129.30, 129.16, 124.34, 121.93,
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115.98, 108.36, 104.53, 99.04, 55.29, 52.58, 20.95, 16.88.; HRMS-ESI+ calculated for
Co1H21N6sO2 [M+H]* 389.1726, found: 389.1724.

4.2.1.15 (2)-2-((E)-3-([1,1'-biphenyl]-4-yI)-1-(1-benzyl-1H-pyrrol-2-
yl)allylidene)hydrazine-1-carboximidamide (10)

Yield 89 %, creamish yellow solid; mp: 203—-209 °C; *H NMR (400 MHz, DMSO-d6) & 10.94
(s, 1H), 7.65 (dd, J = 41.3, 35.9 Hz, 3H), 7.53 — 7.38 (m, 2H), 7.23 (ddd, J = 31.1, 19.3, 12.0
Hz, 6H), 7.14 — 6.96 (m, 2H), 6.90 (d, J = 7.4 Hz, 3H), 6.72 (d, J = 2.2 Hz, 2H), 6.29 — 6.11
(m, 2H), 5.57 (s, 2H), 2.21 (s, 2H).; 3C NMR (100 MHz, DMSO-d6) & 156.12, 147.52, 140.02,
130.69, 130.62, 130.55, 129.25, 129.04, 128.95, 128.75, 127.51, 127.36, 127.12, 126.78,
126.36,124.48,124.17,123.99, 123.86, 119.68, 119.24, 119.06, 118.75, 116.02, 108.38, 52.61,
16.92.; HRMS-ESI+ calculated for C27H2sNs [M+H]* 420.2188, found: 420.2195

4.2.1.16 (Z)-2-((E)-1-(1-benzyl-1H-pyrrol-2-yl)-3-(3,4-
dichlorophenyl)allylidene)hydrazine-1-carboximidamide (1p)

Yield 76 %, yellow solid; mp: 206-211 °C; *H NMR (400 MHz, DMSO-d6) § 10.96 (s, 1H),
7.53(d,J=18.9 Hz, 3H), 7.29 (t, J = 7.4 Hz, 3H), 7.21 (t, ) = 7.3 Hz, 1H), 7.17 — 7.00 (m, 2H),
6.90 (d, J = 7.2 Hz, 3H), 6.73 (dd, J = 3.8, 1.7 Hz, 1H), 6.18 (dd, J = 3.8, 2.7 Hz, 1H), 5.58 (s,
2H), 2.21 (s, 2H).; **C NMR (100 MHz, DMSO0-d6) § 170.22, 159.59, 159.14, 156.03, 147.50,
141.66, 135.86, 129.54, 129.45, 129.38, 129.18, 128.90, 128.82, 128.65, 128.46, 128.38,
127.46, 108.37, 51.93, 21.06, 16.76.; HRMS-ESI+ calculated for C2iH20CIoNs [M+H]*
412.1096, found: 412.1098

4.2.1.17 (2)-2-((E)-1-(1-benzyl-1H-pyrrol-2-yl)-3-(3-fluorophenyl)allylidene)hydrazine-
1-carboximidamide (1q)

Yield 73 %, yellow solid; mp: 170-185 °C; *H NMR (400 MHz, DMSO0-d6) 6 11.01 (s, 1H),
7.90 — 7.51 (m, 3H), 7.49 — 7.37 (m, 1H), 7.24 (ddd, J = 24.4, 16.0, 8.5 Hz, 5H), 7.14 — 7.00
(m, 2H), 6.91 (t, J =9.9 Hz, 2H), 6.71 (t, J = 11.0 Hz, 1H), 6.18 (dd, J = 9.0, 6.1 Hz, 1H), 5.58
(s, 2H), 2.21 (s, 2H).; 3C NMR (100 MHz, DMSO-d6) & 178.66, 170.75, 170.16, 158.99,
141.22, 138.72, 135.29, 134.61, 133.39, 131.51, 130.58, 129.29, 128.97, 127.94, 126.99,
125.98, 124.37, 121.49, 109.35, 50.92, 21.33.; HRMS-ESI+ calculated for C21H21FNs [M+H]*
362.1781, found: 362.1764

4.2.1.18 (Z2)-2-((E)-1-(1-benzyl-1H-pyrrol-2-yl)-3-(4-cyanophenyl)allylidene)hydrazine-1-
carboximidamide (1r)

Yield 86 %, yellow solid; mp: 206-215 °C; *H NMR (400 MHz, DMSO-d6) & 11.00 (s, 1H),
7.63 (s, 3H), 7.34 (s, 1H), 7.25 (dt, J = 31.1, 7.2 Hz, 4H), 7.15 - 6.99 (m, 2H), 6.90 (d, J=7.1
Hz, 3H), 6.73 (dd, J = 3.9, 1.8 Hz, 1H), 6.18 (dd, J = 3.8, 2.7 Hz, 1H), 5.58 (s, 2H), 2.21 (s,
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2H).; ¥C NMR (100 MHz, DMSO0-d6) & 156.16, 155.74, 147.67, 146.09, 141.58, 137.45,
135.73, 129.53, 129.40, 129.23, 129.14, 129.10, 128.62, 127.44, 117.39, 117.14, 116.27,
109.67, 108.77, 60.18, 46.64, 17.06.; HRMS-ESI+ calculated for C22H21Ne [M+H]" 369.1828,
found: 369.1818

4.2.1.19 (2)-2-((E)-1-(1-benzyl-1H-pyrrol-2-yl)-3-(3-cyanophenyl)allylidene)hydrazine-1-
carboximidamide (1s)

Yield 89 %, light brown solid; mp: 195-216 °C; *H NMR (400 MHz, DMSO-d6) & 11.07 (s,
1H), 8.27 — 7.72 (m, 3H), 7.46 (ddd, J = 32.9, 17.2, 11.0 Hz, 3H), 7.34 — 7.01 (m, 5H), 6.91 (t,
J =9.5 Hz, 2H), 6.76 — 6.68 (m, 1H), 6.20 — 6.13 (m, 1H), 5.57 (d, J = 9.7 Hz, 2H), 2.22 (s,
1H), 1.91 (s, 1H).; *3C NMR (100 MHz, DMSO0-d6) § 171.10, 158.78, 155.81, 153.66, 151.83,
150.15, 130.37, 130.09, 129.38, 129.21, 128.87, 128.40, 128.33, 127.51, 119.24, 116.55,
113.92, 108.51, 98.17, 98.06, 50.92, 20.96.; HRMS-ESI+ calculated for C2;H21Ns [M+H] *
369.1828, found: 369.1860

4.2.1.20 (2)-2-((E)-1-(1-benzyl-1H-pyrrol-2-yl)-3-(2,5-
difluorophenyl)allylidene)hydrazine-1-carboximidamide (1t)

Yield 91 %, yellow solid; mp: 230-232 °C; *H NMR (400 MHz, DMSO-d6) 6 11.08 (s, 1H),
7.81 (dd, J =123.2, 66.1 Hz, 3H), 7.36 (s, 2H), 7.32 — 7.05 (m, 5H), 6.90 (d, J = 6.8 Hz, 2H),
6.72 (s, 1H), 6.39 — 6.08 (m, 1H), 5.74 — 5.26 (m, 2H), 2.22 (s, 1H), 1.90 (s, 1H).; 3C NMR
(100 MHz, DMSO-d6) & 170.31, 159.63, 159.18, 156.12, 148.85, 147.57, 139.96, 129.23,
129.00, 128.93, 128.85, 128.71, 127.34, 126.72, 126.34, 116.21, 108.54, 52.60, 21.22, 18.55,
16.91.; HRMS-ESI+ calculated for C21H20F2Ns [M+H] * 380.1687, found: 380.1664

4.2.1.21 (2)-2-((E)-1-(1-benzyl-1H-pyrrol-2-yl)-3-(2,4-
difluorophenyl)allylidene)hydrazine-1-carboximidamide (1u)

Yield 93 %, yellow solid; mp: 264-266 °C; *H NMR (400 MHz, DMSO0-d6) § 10.13 (s, 1H),
9.58 (s, 1H), 7.71 (d, J = 24.1 Hz, 3H), 7.52 (d, J = 50.3 Hz, 2H), 7.43 — 7.07 (m, 5H), 6.90 (s,
1H), 6.72 (s, 1H), 6.32 (dd, J = 58.5, 46.9 Hz, 1H), 5.83 — 5.35 (m, 2H), 2.22 (s, 1H), 1.90 (s,
1H).; 3C NMR (100 MHz, DMSO-d6) & 169.83, 159.12, 155.81, 147.53, 141.58, 139.54,
132.63, 131.40, 129.96, 129.30, 129.19, 129.16, 129.09, 129.06, 127.06, 116.36, 110.03,
109.02, 50.56, 21.04, 16.77.; HRMS-ESI+ calculated for C21H20F2Ns [M+H] * 380.1687,
found: 380.1659

4.2.1.22 (E)-2-((E)-1-(1-benzyl-1H-pyrrol-2-yl)-3-(2-fluorophenyl)allylidene)hydrazine-
1-carboximidamide (1v)

Yield 84 %, yellow solid; mp: 252— 264 °C; 'H NMR (400 MHz, DMSO-d6) § 10.15 (s, 1H),
9.60 (s, 1H), 7.87 — 7.68 (m, 3H), 7.49 (ddd, J = 30.5, 22.0, 6.7 Hz, 2H), 7.35 — 7.08 (m, 6H),
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6.91 (t, J = 9.4 Hz, 2H), 6.72 (s, 1H), 5.80 — 5.29 (m, 2H), 2.23 (d, J = 14.1 Hz, 1H), 1.90 (s,
1H).; *C NMR (100 MHz, DMSO-d6) & 160.88, 158.45, 156.22, 147.67, 129.64, 129.56,
129.25, 129.02, 128.64, 128.36, 128.32, 127.47, 126.86, 126.72, 125.11, 125.08, 115.96,
115.68, 108.38, 46.99, 16.81.; HRMS-ESI+ calculated for Cz1H21FNs [M+H]* 362.1781,
found: 362.1796.

4.2.1.23 (2)-2-((E)-1-(1-benzyl-1H-pyrrol-2-yl)-3-(p-tolyl)allylidene)hydrazine-1-
carboximidamide (1w)

Yield 81 %, yellow solid; mp: 228— 230 °C; *H NMR (400 MHz, DMSO-d6) § 11.09 (s, 1H),
7.67 (dd, J = 23.1, 9.5 Hz, 3H), 7.51 (dd, J = 40.7, 25.1 Hz, 2H), 7.37 — 7.04 (m, 6H), 7.00 —
6.82 (m, 2H), 6.79 - 6.61 (m, 1H), 6.19 (d, J = 14.0 Hz, 1H), 5.75 - 5.36 (m, 2H), 3.47 (s, 3H),
2.22 (s, 1H), 1.91 (s, 1H).; *3C NMR (100 MHz, DMSO0-d6) § 170.25, 159.19, 156.17, 147.46,
140.00, 129.92, 129.24, 129.00, 128.93, 128.82, 128.75, 128.65, 127.51, 127.34, 127.11,
126.77, 126.35, 116.00, 108.36, 52.61, 21.23, 16.99.; HRMS-ESI+ calculated for Cz2H24Ns
[M+H]* 358.2032, found: 358.2008.

4.2.1.24 (E)-2-((E)-1-(1-benzyl-1H-pyrrol-2-yl)-3-(4-
methoxyphenyl)allylidene)hydrazine-1-carboximidamide (1x)

Yield 89 %, yellow solid; mp: 198-200 °C; *H NMR (400 MHz, DMSO-d6) § 11.08 (s, 1H),
8.12-7.62 (m, 3H), 7.46 (dd, J =41.7, 25.9 Hz, 1H), 7.36 — 7.01 (m, 6H), 7.00 — 6.60 (m, 4H),
6.18 (s, 1H), 5.59 (s, 2H), 3.82 — 3.44 (m, 3H), 2.23 (s, 1H), 1.92 (s, 1H).; *C NMR (100 MHz,
DMSO0-d6) 6 156.23, 138.16, 136.92, 130.25, 129.11, 129.06, 129.01, 128.83, 127.97, 127.69,
127.49, 126.71, 122.84, 121.03, 115.00, 114.62, 111.65, 55.70, 50.11, 49.05, 25.46, 18.55.;
HRMS-ESI+ calculated for C22H2aNsO [M+H] * 374.1981, found: 374.1955.

4.2.1.25 (Z)-2-((E)-1-(1-benzyl-1H-pyrrol-2-yl)-3-(4-
(trifluoromethyl)phenyl)allylidene)hydrazine-1-carboximidamide (1y)

Yield 84 %, yellow solid; mp: 210-212 °C; *H NMR (400 MHz, DMSO-d6) § 10.12 (s, 1H),
9.57 (s, 1H), 8.89 (d, J = 14.5 Hz, 1H), 7.94 — 7.72 (m, 3H), 7.66 — 7.52 (m, 3H), 7.48 (d, J =
11.6 Hz, 1H), 7.39 — 7.20 (m, 3H), 7.13 (dd, J = 25.7, 6.0 Hz, 2H), 6.96 — 6.79 (m, 1H), 5.96 —
5.29 (m, 2H), 2.26 — 2.20 (m, 1H), 1.89 (s, 1H).; *C NMR (100 MHz, DMSO-d6) & 156.23,
138.16, 136.92, 130.25, 129.11, 129.06, 129.01, 128.83, 127.97, 127.69, 127.49, 126.71,
122.84, 121.03, 115.00, 114.62, 111.65, 55.70, 50.11, 49.05, 25.46, 18.55.; HRMS-ESI+
calculated for C22H21FsNs [M+H] * 412.1749, found: 412.1720.

120



RESULTS AND DISCUSSION

4.2.1.26 (2)-2-((E)-1-(1-benzyl-1H-pyrrol-2-yl)-3-(3,4-
difluorophenyl)allylidene)hydrazine-1-carboximidamide (1z)

Yield 93 %, brown solid; mp: 268-270 °C; *H NMR (400 MHz, DMSO-d6) & 11.05 (s, 1H),
7.91—7.54 (m, 3H), 7.52 — 7.35 (m, 1H), 7.33 — 7.15 (m, 4H), 7.14 — 6.98 (m, 2H), 6.96 — 6.86
(m, 2H), 6.72 (dd, J = 3.8, 1.7 Hz, 1H), 6.45 — 6.14 (m, 1H), 5.68 — 5.43 (m, 2H), 2.21 (s, 2H),
1.96 — 1.83 (m, 1H).; *3C NMR (100 MHz, DMSO-d6) § 170.48, 159.34, 156.25, 147.90,
140.32, 129.18, 129.09, 128.94, 128.84, 128.75, 127.48, 127.41, 127.35, 127.12, 126.76,
126.45, 115.98, 108.36, 52.89, 21.34, 16.84.; HRMS-ESI+ calculated for C21H20F2Ns [M+H] *
380.1687, found: 380.1681.

4.2.1.27 (2)-2-((E)-1-(1-benzyl-1H-pyrrol-2-yl)-3-(3-
phenoxyphenyl)allylidene)hydrazine-1-carboximidamide (1aa)

Yield 87 %, white solid; mp: 280-282 °C; *H NMR (400 MHz, DMSO-d6) & 11.04 (s, 1H),
8.20-7.67 (m, 3H), 7.66 — 7.34 (m, 4H), 7.33 — 6.99 (m, 8H), 6.95 - 6.81 (m, 3H), 6.78 — 6.60
(m, 1H), 6.41 — 6.10 (m, 1H), 5.56 (d, J = 18.3 Hz, 2H), 2.21 (s, 2H).; 3C NMR (100 MHz,
DMSO-d6) 6 156.12, 147.52, 140.02, 130.69, 130.62, 130.55, 129.25, 129.04, 128.95, 128.75,
127.51, 127.36, 127.12, 126.78, 126.36, 124.48, 124.17, 123.99, 123.86, 119.68, 119.24,
119.06, 118.75, 116.02, 108.38, 52.61, 16.92.; HRMS-ESI+ calculated for C27H26Ns0 [M+H]
*436.2137, found: 436.2132.

4.2.1.28 (Z)-2-((E)-1-(1-benzyl-1H-pyrrol-2-yl)-3-(4-(tert-
butyl)phenyl)allylidene)hydrazine-1-carboximidamide (1ab)

Yield 81 %, yellow solid; mp: 224-226 °C; *H NMR (400 MHz, DMSO-d6) § 10.96 (s, 1H),
7.72 (ddd, J = 17.8, 17.0, 8.4 Hz, 2H), 7.61 — 7.50 (m, 1H), 7.47 (d, J = 6.6 Hz, 1H), 7.43 -
7.37 (m, 1H), 7.32 — 7.21 (m, 3H), 7.17 — 6.82 (m, 4H), 6.77 — 6.59 (m, 1H), 6.50 — 6.28 (m,
1H), 6.24 — 6.10 (m, 1H), 5.74 — 5.38 (m, 2H), 2.21 (s, 2H), 1.53 — 0.95 (m, 9H).; 1°C NMR
(100 MHz, DMSO0-d6) 6 156.05, 153.12, 147.61, 140.31, 129.26, 129.01, 128.94, 128.87,
128.77, 128.47, 127.50, 127.35, 127.27, 127.12, 126.77, 126.36, 126.14, 125.98, 118.62,
116.03, 108.37, 52.60, 34.88, 31.40, 16.82.; HRMS-ESI+ calculated for C2sHzoNs [M+H] *
400.2501, found: 400.2497.

4.2.1.29 (E)-2-((E)-1-(1-benzyl-1H-pyrrol-2-yl)-3-(3,4-
dimethoxyphenyl)allylidene)hydrazine-1-carboximidamide (1ac)

Yield 80 %, yellow solid; mp: 231-233 °C; *H NMR (400 MHz, DMSO-d6) & 10.94 (s, 1H),
7.56 (ddd, J = 27.5, 21.8, 15.5 Hz, 3H), 7.39 — 7.19 (m, 4H), 7.15 — 7.07 (m, 1H), 6.95 — 6.84
(m, 2H), 6.73 (dd, J = 3.9, 1.7 Hz, 1H), 6.24 — 6.10 (m, 1H), 5.55 (d, J = 20.2 Hz, 2H), 3.93 —
3.65 (m, 1H), 3.51 —3.26 (m, 6H), 2.21 (s, 2H), 1.91 (d, J = 7.9 Hz, 1H).; *C NMR (100 MHz,
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DMSO0-d6) 6 170.17, 159.10, 156.07, 147.56, 140.02, 139.70, 129.28, 129.01, 128.95, 128.88,
128.84, 127.52, 127.37, 127.13, 126.82, 126.37, 116.05, 108.38, 56.48, 56.00, 52.60, 21.21,
16.89.; HRMS-ESI+ calculated for C23H26NsO. [M+H]" 404.2087, found: 404.2073.

4.2.1.30 (E)-2-((E)-1-(1-benzyl-1H-pyrrol-2-yl)-3-(4-
isopropylphenyl)allylidene)hydrazine-1-carboximidamide (1ad)

Yield 76 %, yellow solid; mp: 248-250 °C; *H NMR (400 MHz, DMSO-d6) & 11.10 (s, 1H),
8.00 — 7.74 (m, 2H), 7.68 (dd, J = 21.6, 6.4 Hz, 1H), 7.63 — 7.45 (m, 1H), 7.35 (dd, J = 26.1,
18.0 Hz, 1H), 7.29 — 7.20 (m, 4H), 7.19 — 7.09 (m, 2H), 6.98 (dd, J = 23.1, 7.1 Hz, 1H), 6.78
(ddd, J =25.7, 21.4, 14.6 Hz, 2H), 6.51 — 6.26 (m, 1H), 6.25 — 6.14 (m, 1H), 5.74 — 5.40 (m,
2H), 3.07 — 2.69 (m, 1H), 2.22 (s, 2H), 1.36 — 0.89 (m, 6H).; 13C NMR (100 MHz, DMSO-
d6) 6 156.25, 147.61, 140.29, 129.21, 129.10, 129.04, 128.93, 128.86, 128.83, 128.77, 127.84,
127.57, 127.49, 127.35, 127.30, 127.13, 126.77, 126.35, 115.97, 108.76, 52.61, 33.45, 23.75,
16.83.; HRMS-ESI+ calculated for C24H2sNs [M+H]* 386.2345, found: 386.234.

4.2.1.31 (E)-2-((E)-1-(1-benzyl-1H-pyrrol-2-yl)-3-(3-
methoxyphenyl)allylidene)hydrazine-1-carboximidamide (1ae)

Yield 77 %, yellow solid; mp: 229-231 °C; *H NMR (400 MHz, DMSO-d6) § 10.02 (d, J] =
60.2 Hz, 1H), 7.72 (d, J = 15.5 Hz, 2H), 7.63 — 7.52 (m, 1H), 7.38 (m, 1H), 7.25 (ddd, J = 13.2,
9.5, 7.4 Hz, 3H), 7.18 (d, J = 7.7 Hz, 1H), 7.15 — 7.07 (m, 1H), 7.05 — 6.93 (m, 2H), 6.91 —
6.87 (m, 1H), 6.78 — 6.66 (m, 1H), 6.42 — 6.33 (m, 1H), 6.19 (ddd, J = 6.5, 5.1, 2.8 Hz, 1H),
5.61 — 5.42 (m, 2H), 3.91 — 3.60 (m, 3H), 2.21 (s, 1H), 1.88 (d, J = 12.5 Hz, 1H).; *C NMR
(100 MHz, DMSO-d6) 6 170.12, 159.34, 155.88, 147.90, 139.93, 129.25, 129.01, 128.94,
128.88, 128.77, 127.51, 127.36, 127.30, 127.11, 126.78, 126.35, 116.02, 108.37, 55.66, 52.59,
21.34,17.20.; HRMS-ESI+ calculated for C22H24NsO [M+H]* 374.1981, found: 374.1978.
4.2.1.32 (2)-2-((E)-1-(1-benzyl-1H-pyrrol-2-yl)-3-(4-bromo-2,6-
difluorophenyl)allylidene)hydrazine-1-carboximidamide (1af)

Yield 73 %, yellow solid; mp: 247-249 °C; *H NMR (400 MHz, DMSO-d6) § 11.03 (s, 1H),
10.25 — 9.99 (m, 1H), 7.88 — 7.58 (m, 3H), 7.54 — 7.25 (m, 3H), 7.23 — 7.17 (m, 1H), 7.08 (d,
J =16.2 Hz, 1H), 6.97 — 6.82 (m, 2H), 6.79 — 6.66 (m, 1H), 6.36 — 6.10 (m, 1H), 5.72 — 5.52
(m, 2H), 2.21 (s, 2H), 1.90 (s, 1H).; 3C NMR (100 MHz, DMSO-d6) & 170.20, 159.59, 159.15,
156.12, 147.49, 139.99, 129.25, 128.99, 128.93, 128.81, 128.67, 127.52, 127.35, 127.09,
127.00, 126.34, 116.02, 108.37, 52.60, 21.22, 16.97.; HRMS-ESI+ calculated for
C21H19BrFoNs [M+H]" 458.0792, found: 458.0798.
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4.2.1.33 (2)-2-((E)-1-(1-benzyl-1H-pyrrol-2-yl)-3-(4-
(benzyloxy)phenylallylidene)hydrazine-1-carboximidamide (1ag)

Yield 91 %, yellow solid; mp: 258— 260 °C; *H NMR (400 MHz, DMSO-d6) § 11.00 (s, 1H),
7.78 (ddd, J = 71.7, 63.0, 57.8 Hz, 3H), 7.62 — 7.33 (m, 4H), 7.24 (ddd, J = 26.2, 16.9, 9.5 Hz,
5H), 7.16 — 6.97 (m, 3H), 6.96 — 6.82 (m, 3H), 6.72 (d, J = 2.2 Hz, 2H), 6.46 — 6.09 (m, 2H),
5.58 (s, 2H), 2.21 (s, 2H).; *3C NMR (100 MHz, DMS0-d6) § 170.49, 159.53, 159.09, 156.10,
147.48, 140.02, 129.19, 129.08, 128.94, 128.88, 128.75, 128.36, 128.14, 127.48, 127.35,
126.78, 126.35, 115.93, 115.93, 108.36, 108.36, 69.53, 52.58, 52.58, 21.35, 21.21, 17.20,
16.86.; HRMS-ESI+ calculated for C2sH2sNsO [M+H]* 450.2294, found: 450.2287.

4.2.1.34 (2)-2-((E)-1-(1-benzyl-1H-pyrrol-2-yl)-3-(4-
(dimethylamino)phenyl)allylidene)hydrazine-1-carboximidamide (1ah)

Yield 93 %, yellow solid; mp: 208-210 °C; *H NMR (400 MHz, DMSO-d6) § 10.88 (d, J] =
18.3 Hz, 1H), 7.86 — 7.60 (m, 2H), 7.57 — 7.40 (m, 2H), 7.38 — 7.27 (m, 3H), 7.26 — 7.18 (m,
2H), 7.10 (d, J = 7.9 Hz, 2H), 6.90 (d, J = 7.2 Hz, 1H), 6.73 (dd, J = 5.0, 3.2 Hz, 2H), 6.22
(ddd, J = 33.6, 3.8, 2.6 Hz, 1H), 5.62 (dd, J = 44.6, 8.0 Hz, 2H), 3.19 — 2.64 (m, 6H), 2.19 (d,
J=13.2 Hz, 2H), 1.94 (dd, J = 24.7, 11.2 Hz, 1H).; C NMR (100 MHz, DMSO-d6) & 179.38,
156.02, 147.58, 142.19, 140.01, 131.96, 130.64, 129.28, 128.99, 128.94, 128.81, 127.46,
127.36, 127.12, 126.35, 120.23, 116.06, 112.28, 109.03, 108.38, 52.60, 51.93, 16.85.; HRMS-
ESI+ calculated for C23H27Ne [M+H]* 387.2297, found: 387.2295.

4.2.1.35 (Z2)-2-((E)-1-(1-benzyl-1H-pyrrol-2-yl)-3-(3-bromophenyl)allylidene)hydrazine-
1-carboximidamide (1ai)

Yield 84 %, yellow solid; mp: 226-228 °C; *H NMR (400 MHz, DMSO-d6) § 10.98 (s, 1H),
8.05 — 7.55 (m, 3H), 7.43 (dddd, J = 23.0, 15.1, 9.5, 4.8 Hz, 2H), 7.33 — 7.18 (m, 4H), 7.16 —
6.98 (m, 2H), 6.95 — 6.82 (m, 2H), 6.73 (dd, J = 3.9, 1.8 Hz, 1H), 6.19 (ddd, J = 10.0, 3.9, 2.6
Hz, 1H), 5.74 —5.48 (m, 2H), 2.21 (s, 2H), 1.99 — 1.87 (m, 1H).; *C NMR (100 MHz, DMSO-
d6) 6 170.10, 159.36, 156.26, 147.61, 140.31, 130.74, 129.84, 129.44, 129.25, 129.11, 129.01,
128.85, 127.54, 127.42, 127.12, 126.44, 116.02, 108.37, 52.89, 21.34, 16.83.; HRMS-ESI+
calculated for C21H21BrNs [M+H]" 422.0980, found: 422.0973.

4.2.1.36 (Z2)-2-((E)-1-(1-benzyl-1H-pyrrol-2-yl)-3-(4-bromophenyl)allylidene)hydrazine-
1-carboximidamide (1aj)

Yield 91 %, yellow solid; mp: 231-233 °C; *H NMR (400 MHz, DMSO-d6) 5 10.94 (s, 1H),
7.87 — 7.55 (m, 3H), 7.54 — 7.33 (m, 2H), 7.25 (qd, J = 7.2, 3.3 Hz, 4H), 7.10 (dt, J = 7.7, 3.9
Hz, 2H), 6.89 (d, J=7.1 Hz, 2H), 6.73 (dd, J = 3.9, 1.8 Hz, 1H), 6.18 (dd, J = 3.8, 2.7 Hz, 1H),
5.57 (s, 2H), 2.21 (s, 2H), 1.99 — 1.85 (m, 1H).; 3C NMR (100 MHz, DMSO-d6) § 170.12,
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159.57, 159.08, 156.26, 147.56, 139.90, 132.23, 130.93, 129.27, 128.99, 128.94, 128.85,
127.42,127.10, 126.34, 116.04, 109.46, 108.76, 52.59, 20.95, 16.81.; HRMS-ESI+ calculated
for C21H21BrNs [M+H]" 422.0980, found: 422.0973.

4.2.1.37 (2)-2-((E)-1-(1-benzyl-1H-pyrrol-2-yl)-3-(2,5-
dimethoxyphenyl)allylidene)hydrazine-1-carboximidamide (1ak)

Yield 89 %, yellow solid; mp: 242-244 °C; *H NMR (400 MHz, DMSO-d6) § 10.10 (d, J =
37.2 Hz, 1H), 9.56 (s, 1H), 7.69 — 7.49 (m, 3H), 7.23 (ddd, J = 20.9, 16.3, 10.1 Hz, 4H), 7.11
(d, J=9.0 Hz, 1H), 7.00 (d, J = 8.3 Hz, 1H), 6.91 (dd, J = 18.6, 6.0 Hz, 2H), 6.82 — 6.67 (m,
1H), 6.41 — 6.13 (m, 1H), 5.55 (t, J = 50.2 Hz, 2H), 3.86 — 3.60 (m, 6H), 2.21 (s, 1H), 1.90 (s,
2H).; C NMR (100 MHz, DMSO-d6) § 170.52, 159.36, 156.27, 156.12, 153.75, 147.55,
140.00, 139.74, 129.28, 128.95, 128.87, 127.54, 127.37, 127.10, 126.79, 126.33, 116.05,
113.39, 108.40, 56.36, 52.60, 21.33, 16.82.; HRMS-ESI+ calculated for C23H26Ns02 [M+H]*
404.2087, found: 404.2085.

4.2.1.38 (E)-2-((E)-1-(1-(3,5-dimethoxybenzyl)-1H-pyrrol-2-yl)-3-
phenylallylidene)hydrazine-1-carboximidamide (2a)

Yield 89 %, yellow solid; mp: 182-184°C; 'H NMR (400 MHz, DMSO-d6) § 11.11 — 10.89
(m, 1H), 10.09 (s, 1H), 9.53 (s, 1H), 7.98 — 7.69 (m, 3H), 7.47 (dddd, J = 30.0, 18.8, 15.6, 6.1
Hz, 6H), 7.05 (ddd, J = 25.3, 21.4, 12.4 Hz, 1H), 6.90 — 6.72 (m, 1H), 6.68 — 6.14 (m, 1H),
5.74 — 5.26 (m, 2H), 3.40 (s, 6H), 2.26 — 2.15 (m, 1H), 1.90 (s, 1H).; *C NMR (100 MHz,
DMSO-d6) 6 178.78, 170.14, 159.14, 156.12, 147.23, 139.45, 131.82, 131.78, 131.74, 129.53,
129.34, 129.30, 129.19, 129.01, 128.84, 128.62, 115.99, 109.37, 108.37, 52.07, 51.55, 21.03,
17.04.; HRMS-ESI+ calculated for C23H2sNsO, [M+H]+ 404.2087, found: 404.2065.

4.2.1.39 (2)-2-((E)-1-(1-(4-chlorobenzyl)-1H-pyrrol-2-yl)-3-phenylallylidene)hydrazine-
1-carboximidamide (2b)

Yield 84 %, yellow solid; mp: 204-206°C; *H NMR (400 MHz, DMSO-d6) & 10.13 (d, ] =22.6
Hz, 1H), 9.57 (s, 1H), 8.86 (s, 1H), 7.80 — 7.57 (m, 3H), 7.45 — 7.31 (m, 3H), 7.17 — 6.98 (m,
3H), 6.93 - 6.70 (m, 1H), 6.30 (ddd, J = 56.3, 16.8, 8.3 Hz, 1H), 5.82 — 5.12 (m, 2H), 4.71 (s,
2H), 2.22 (d,J = 11.8 Hz, 1H), 1.89 (s, 1H).; *C NMR (100 MHz, DMS0-d6) 5 170.11, 159.65,
159.18, 156.17, 138.85, 129.51, 129.31, 129.04, 129.00, 128.90, 128.81, 128.73, 128.67,
128.25, 127.65, 116.36, 108.36, 51.91, 34.30, 21.34, 16.75.; HRMS-ESI+ calculated for
Ca1H21CINs [M+H]+ 378.1485, found: 378.1481.
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4.2.1.40 (2)-2-((E)-1-(1-(4-bromobenzyl)-1H-pyrrol-2-yl)-3-phenylallylidene)hydrazine-
1-carboximidamide (2c)

Yield 80 %, yellow solid; mp: 213-215 °C; *H NMR (400 MHz, DMSO-d6) § 11.22 — 10.83
(m, 1H), 10.06 (d, J = 33.5 Hz, 1H), 9.53 (s, 1H), 7.90 — 7.68 (m, 2H), 7.57 (d, J = 15.7 Hz,
1H), 7.52 — 7.31 (m, 2H), 7.27 — 7.01 (m, 1H), 6.82 — 6.63 (m, 1H), 6.45 — 6.27 (m, 1H), 6.24
—6.12 (m, 1H), 6.10 —5.96 (m, 1H), 5.48 (dd, J =59.1, 34.5 Hz, 2H), 3.67 (d, J = 5.7 Hz, 3H),
2.26 —2.18 (m, 1H), 1.92 — 1.87 (m, 1H).; 3C NMR (100 MHz, DMSO-d6) § 179.14, 170.11,
161.03, 159.34, 156.57, 147.91, 142.71, 142.33, 135.40, 129.30, 129.16, 124.34, 121.93,
115.98, 108.36, 104.53, 99.04, 55.29, 52.58, 20.95, 16.88.; HRMS-ESI+ calculated for
C21H21BrNs [M+H]+ 422.0980, found: 422.0933.

4.2.1.41 (E)-2-((E)-3-phenyl-1-(1-(4-(trifluoromethoxy)benzyl)-1H-pyrrol-2-
yl)allylidene)hydrazine-1-carboximidamide (2d)

Yield 92 %, yellow solid; mp: 217-219 °C; *H NMR (400 MHz, DMSO-d6) § 10.17 (s, 1H),
7.80 (s, 3H), 7.58 (dd, J = 16.2, 7.8 Hz, 5H), 7.41 (t, J = 7.5 Hz, 2H), 7.33 — 7.28 (m, 1H), 7.12
(s, 1H), 6.97 (d, J = 8.0 Hz, 1H), 6.73 (d, J = 2.3 Hz, 1H), 6.19 — 6.15 (m, 1H), 5.65 (d, J = 41.1
Hz, 2H), 1.89 (s, 2H).; *C NMR (100 MHz, DMSO-d6) § 170.40, 159.55, 159.10, 156.08,
155.57, 155.54, 148.93, 147.68, 140.06, 139.19, 129.36, 128.91, 127.86, 127.21, 127.00,
126.97, 116.19, 108.51, 52.32, 21.03, 18.64, 16.76.; HRMS-ESI+ calculated for C22H2o
FsKNsO [M+K]+ 466.1257, found: 466.1251.

4.2.1.42 (Z)-2-((E)-1-(1-([1,1'-biphenyl]-4-ylmethyl)-1H-pyrrol-2-yl)-3-
phenylallylidene)hydrazine-1-carboximidamide (2e)

Yield 94 %, yellow solid; mp: 208— 210 °C; *H NMR (400 MHz, DMSO-d6) & 11.06 (s, 1H),
7.82 (s, 3H), 7.80 — 7.51 (m, 4H), 7.46 — 6.91 (m, 10H), 6.70 (d, J = 39.3 Hz, 1H), 6.41 (t, J =
12.8 Hz, 1H), 6.21 (d, J = 15.4 Hz, 1H), 5.74 — 5.38 (m, 2H), 2.93 (s, 1H), 2.23 (s, 1H).; *C
NMR (100 MHz, DMSO-d6) & 159.09, 156.14, 147.65, 141.60, 139.48, 139.11, 137.63,
135.86, 130.07, 129.22, 128.89, 128.69, 128.62, 128.26, 127.81, 127.43, 127.03, 126.27,
124.32, 121.56, 121.48, 121.30, 116.29, 108.60, 51.61, 21.04, 17.06.; HRMS-ESI+ calculated
for Co7H26Ns [M+H]+ 420.2188, found: 420.2171.

4.2.1.43 (2)-2-((E)-3-phenyl-1-(1-(4-(trifluoromethyl)benzyl)-1H-pyrrol-2-
ylallylidene)hydrazine-1-carboximidamide (2f)

Yield 87 %, yellow solid; mp: 224-226 °C; *H NMR (400 MHz, DMSO-d6) 5 10.97 (s, 1H),
7.72 (s, 3H), 7.68 — 7.60 (m, 2H), 7.54 (dd, J = 17.6, 8.9 Hz, 1H), 7.50 — 7.29 (m, 3H), 7.25 —
7.05 (m, 3H), 6.83 (dd, J = 40.4, 8.9 Hz, 1H), 6.49 — 6.32 (m, 1H), 6.29 — 6.17 (m, 1H), 5.81 —
5.51 (m, 2H), 2.22 (s, 2H).; *3C NMR (100 MHz, DMSO-d6) § 169.82, 158.52, 155.81, 147.52,
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144.89, 141.19, 137.58, 135.55, 129.44, 129.29, 128.87, 128.61, 128.04, 127.44, 127.01,
125.88, 125.62, 115.99, 108.68, 52.31, 21.04, 16.76.; HRMS-ESI+ calculated for C22H21F3Ns
[M+H]+ 412.1749, found: 412.1748.

4.2.1.44 (Z2)-2-((E)-1-(1-(4-fluorobenzyl)-1H-pyrrol-2-yl)-3-phenylallylidene)hydrazine-
1-carboximidamide (29)

Yield 81 %, yellow solid; mp: 216-218 °C; *H NMR (400 MHz, DMSO-d6) § 10.92 (d, ] =
71.4 Hz, 1H), 10.14 (s, 1H), 9.56 (s, 1H), 8.02 — 7.64 (m, 4H), 7.54 — 7.22 (m, 3H), 7.18 — 6.88
(m, 4H), 6.77 — 6.54 (m, 1H), 6.46 — 5.90 (m, 1H), 5.76 — 5.04 (m, 2H), 2.22 (t, J = 7.7 Hz,
1H), 1.90 (s, 1H).; *C NMR (100 MHz, DMSO-d6) § 170.22, 159.59, 159.14, 156.03, 147.50,
141.66, 135.86, 129.54, 129.45, 129.38, 129.18, 128.90, 128.82, 128.65, 128.46, 128.38,
127.46, 108.37, 51.93, 21.06, 16.76.; HRMS-ESI+ calculated for Cz1H21FNs [M+H]+
362.1781, found: 362.1778.

4.2.1.45 (2)-2-((E)-1-(1-(2-cyanobenzyl)-1H-pyrrol-2-yl)-3-phenylallylidene)hydrazine-1-
carboximidamide (2h)

Yield 89 %, yellow solid; mp: 228-230 °C; *H NMR (400 MHz, DMSO-d6) § 10.95 (d, J] =
41.6 Hz, 1H), 8.08 — 7.68 (m, 3H), 7.61 — 7.47 (m, 2H), 7.44 — 7.23 (m, 4H), 7.21 — 7.05 (m,
3H), 6.95 - 6.65 (m, 1H), 6.41 (dt, J = 20.0, 13.7 Hz, 1H), 6.28 — 6.16 (m, 1H), 5.76 — 5.46 (m,
2H), 2.26 — 1.87 (m, 2H).; 3C NMR (100 MHz, DMSO-d6) & 156.16, 155.74, 147.67, 146.09,
141.58, 137.45, 135.73, 129.53, 129.40, 129.23, 129.14, 129.10, 128.62, 127.44, 117.39,
117.14, 116.27, 109.67, 108.77, 60.18, 46.64, 17.06.; HRMS-ESI+ calculated for C22H21Ne
[M+H]+ 369.1828, found: 369.1825.

4.2.1.46 (E)-2-((E)-1-(1-(4-(difluoromethoxy)benzyl)-1H-pyrrol-2-yl)-3-
phenylallylidene)hydrazine-1-carboximidamide (2i)

Yield 93 %, yellow solid; mp: 242—-244 °C; *H NMR (400 MHz, DMSO0-d6) & 10.19 — 9.33
(m, 1H), 7.71 (dd, J = 55.7, 33.1 Hz, 4H), 7.40 (d, J = 15.0 Hz, 4H), 7.22 — 6.84 (m, 7H), 6.29
(dt, J = 45.8, 24.1 Hz, 1H), 5.48 (ddd, J = 204.2, 150.0, 95.9 Hz, 2H), 1.91 (d, J = 10.8 Hz,
2H).; 3C NMR (100 MHz, DMSO0-d6) § 171.10, 158.78, 155.81, 153.66, 151.83, 150.15,
130.37, 130.09, 129.38, 129.21, 128.87, 128.40, 128.33, 127.51, 119.24, 116.55, 113.92,
108.51, 98.17, 98.06, 50.92, 20.96.; HRMS-ESI+ calculated for C:H2 FoNsO [M+H]+
410.1792, found: 410.1788.

4.2.1.47 (E)-2-((E)-1-(1-(2,5-difluorobenzyl)-1H-pyrrol-2-yl)-3-
phenylallylidene)hydrazine-1-carboximidamide (2j)

Yield 76 %, yellow solid; mp: 231-233 °C; *H NMR (400 MHz, DMSO-d6) § 8.00 (s, 1H),
7.83 - 7.69 (m, 3H), 7.63 (dd, J = 4.1, 1.5 Hz, 1H), 7.57 — 7.51 (m, 3H), 7.46 (dd, J =9.4,5.6
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Hz, 1H), 7.42 (dd, J = 5.8, 4.7 Hz, 2H), 7.37 (dd, J = 7.6, 5.5 Hz, 1H), 7.28 (dd, J = 6.5, 3.2
Hz, 1H), 6.36 (qd, J = 8.5, 4.0 Hz, 2H), 5.88 (d, J = 6.9 Hz, 2H), 2.06 — 1.81 (m, 2H).; $3C
NMR (100 MHz, DMSO-d6) 6 178.66, 170.75, 170.16, 158.99, 141.22, 138.72, 135.29,
134.61, 133.39, 131.51, 130.58, 129.29, 128.97, 127.94, 126.99, 125.98, 124.37, 121.49,
109.35, 50.92, 21.33.; HRMS-ESI+ calculated for CziH20F2Ns [M+H]+ 380.1687, found:
380.1686.

4.2.1.48 (Z)-2-((E)-1-(1-(4-bromo-2-fluorobenzyl)-1H-pyrrol-2-yl)-3-
phenylallylidene)hydrazine-1-carboximidamide (2k)

Yield 72 %, yellow solid; mp: 228-230 °C; 'H NMR (400 MHz, DMSO-d6) & 7.86 (s, 1H),
7.77 (dd, J = 28.5, 10.7 Hz, 4H), 7.64 (d, J = 2.5 Hz, 1H), 7.54 (dd, J = 18.7, 9.6 Hz, 3H), 7.41
(s, 4H), 7.21 (dd, J = 72.6, 22.5 Hz, 2H), 6.59 (t, J = 8.1 Hz, 1H), 6.38 (d, J = 23.8 Hz, 1H),
5.65 (d, J = 25.3 Hz, 2H).; *C NMR (100 MHz, DMSO-d6) & 178.80, 160.88, 158.52, 141.52,
135.24, 133.27, 131.24, 130.55, 129.81, 129.29, 129.01, 128.14, 126.56, 126.41, 124.14,
121.68, 120.82, 119.06, 118.76, 109.65, 46.32.; HRMS-ESI+ calculated for Cz1H20BrFNs
[M+H]+ 442.0866, found: 442.0862.

4.2.1.49 (E)-2-((E)-1-(1-(2,5-dichlorobenzyl)-1H-pyrrol-2-yl)-3-
phenylallylidene)hydrazine-1-carboximidamide (2I)

Yield 73 %, yellow solid; mp: 234-236 °C; *H NMR (400 MHz, DMSO-d6) & 7.76 (ddd, J =
16.2, 5.8, 2.4 Hz, 3H), 7.63 — 7.21 (m, 8H), 7.18 — 7.07 (m, 1H), 7.05 — 6.60 (m, 1H), 6.54 —
6.13 (m, 2H), 5.64 (dd, J = 40.3, 25.1 Hz, 2H), 2.24 (s, 1H), 1.99 — 1.86 (m, 1H).; *C NMR
(100 MHz, DMSO-d6) 6 169.83, 159.12, 155.81, 147.53, 141.58, 139.54, 132.63, 131.40,
129.96, 129.30, 129.19, 129.16, 129.09, 129.06, 127.06, 116.36, 110.03, 109.02, 50.56, 21.04,
16.77.; HRMS-ESI+ calculated for C21H20CI2Ns [M+H]+ 412.1096, found: 412.1093.
4.2.1.50 (E)-2-((E)-1-(1-(4-methylbenzyl)-1H-pyrrol-2-yl)-3-phenylallylidene)hydrazine-
1-carboximidamide (2m)

Yield 86 %, yellow solid; mp: 226-228 °C; 'H NMR (400 MHz, DMSO-d6) § 11.06 (s, 1H),
8.16 — 7.65 (m, 3H), 7.63 — 7.19 (m, 3H), 7.18 — 6.94 (m, 4H), 6.94 — 6.77 (m, 2H), 6.71 (d, J
= 2.1 Hz, 1H), 6.38 (ddd, J = 29.2, 23.4, 18.3 Hz, 1H), 6.24 — 6.04 (m, 1H), 5.63 — 5.37 (m,
2H), 2.23 (s, 2H), 2.22 — 2.13 (m, 3H).; 3C NMR (100 MHz, DMSO-d6) § 156.15, 147.48,
136.88, 136.43, 129.71, 129.49, 129.37, 129.30, 129.17, 129.10, 128.97, 128.65, 127.49,
127.24, 126.78, 126.37, 115.98, 109.30, 108.28, 52.42, 21.10, 16.97.; HRMS-ESI+ calculated
for C22H24Ns [M+H]+ 358.2032, found: 358.2030.
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4.2.1.51 (E)-2-((E)-1-(1-(2-fluorobenzyl)-1H-pyrrol-2-yl)-3-phenylallylidene)hydrazine-
1-carboximidamide (2n)

Yield 93 %, yellow solid; mp: 262-264 °C; '"H NMR (400 MHz, DMSO-d6) & 11.03 (s, 1H),
8.18 — 7.65 (m, 3H), 7.60 — 7.32 (m, 3H), 7.28 — 6.89 (m, 6H), 6.74 (d, J = 2.3 Hz, 1H), 6.60 —
6.43 (m, 1H), 6.41 — 6.09 (m, 1H), 5.60 (d, J = 26.2 Hz, 2H), 2.22 (s, 2H).; *C NMR (100
MHz, DMSO-d6) 6 160.88, 158.45, 156.22, 147.67, 129.64, 129.56, 129.25, 129.02, 128.64,
128.36, 128.32, 127.47, 126.86, 126.72, 125.11, 125.08, 115.96, 115.68, 108.38, 46.99, 16.81.;
HRMS-ESI+ calculated for C21H2:FNs [M+H]+ 362.1781, found: 362.1778.

4.2.1.52 (E)-2-((E)-1-(1-(4-fluoro-2-(trifluoromethyl)benzyl)-1H-pyrrol-2-yl)-3-
phenylallylidene)hydrazine-1-carboximidamide (20)

Yield 89 %, yellow solid; mp: 252-254 °C; *H NMR (400 MHz, DMSO0-d6) § 11.06 (d, ] =
38.4 Hz, 1H), 8.15 - 7.72 (m, 2H), 7.72 — 7.52 (m, 3H), 7.51 — 7.23 (m, 4H), 7.23 — 6.89 (m,
2H), 6.86 — 6.68 (m, 1H), 6.55 — 6.22 (m, 2H), 5.86 — 5.63 (m, 2H), 2.23 (s, 2H).; *C NMR
(100 MHz, DMSO-d6) & 162.14, 159.73, 156.16, 147.91, 141.91, 135.79, 135.76, 134.96,
130.19, 129.64, 129.57, 129.49, 129.28, 129.19, 128.66, 127.75, 127.43, 120.29, 116.17,
109.07, 49.12, 17.08.; HRMS-ESI+ calculated for Cz2H20F4Ns [M+H]+ 430.1655, found:
430.1654.

4.2.1.53 (E)-2-((E)-1-(1-(3,5-bis(trifluoromethyl)benzyl)-1H-pyrrol-2-yl)-3-
phenylallylidene)hydrazine-1-carboximidamide (2p)

Yield 93 %, white solid; mp: 209-211 °C; *H NMR (400 MHz, DMSO-d6) & 10.87 (s, 1H),
8.10 - 7.86 (m, 2H), 7.66 (d, J = 30.6 Hz, 2H), 7.61 — 7.37 (m, 5H), 7.34 — 6.98 (m, 2H), 6.81
(d, J = 2.2 Hz, 1H), 6.29 (d, J = 39.7 Hz, 1H), 5.81 (s, 2H), 2.16 (s, 2H), 1.90 (s, 1H).; *°C
NMR (100 MHz, DMSO-d6) 6 170.17, 159.09, 156.11, 147.56, 143.68, 131.24, 130.87,
130.55, 130.22, 129.62, 128.52, 127.73, 127.37, 125.02, 122.31, 121.24, 121.21, 119.63,
117.06, 108.94, 51.96, 21.19, 16.71.; HRMS-ESI+ calculated for CasHxoFsNs [M+H]+
480.1623, found: 480.1620.

4.2.1.54 (E)-2-((E)-1-(1-(4-butylbenzyl)-1H-pyrrol-2-yl)-3-phenylallylidene)hydrazine-1-
carboximidamide (2q)

Yield 83 %, white solid; mp: 214-216 °C; *H NMR (400 MHz, DMSO-d6) & 11.10 (s, 1H),
8.07-7.72 (m, 2H), 7.70 — 7.21 (m, 4H), 7.19 — 6.97 (m, 4H), 6.94 — 6.61 (m, 3H), 6.44 — 6.08
(m, 1H), 5.63 — 5.31 (m, 2H), 2.85 (s, 1H), 2.23 (s, 2H), 1.65 — 1.12 (m, 5H), 1.01 — 0.66 (m,
4H).; C NMR (100 MHz, DMSO-d6) & 156.16, 147.48, 141.41, 137.12, 133.52, 129.25,
129.09, 129.02, 128.96, 128.81, 128.73, 128.69, 128.61, 127.44, 127.21, 126.85, 126.37,
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115.88, 108.30, 52.40, 34.89, 33.53, 22.21, 16.98, 14.21.; HRMS-ESI+ calculated for
CasH30Ns [M+H]+ 400.2501, found: 400.2502.

4.2.1.55 (E)-2-((E)-1-(1-(2,4-difluorobenzyl)-1H-pyrrol-2-yl)-3-
phenylallylidene)hydrazine-1-carboximidamide (2r)

Yield 91 %, yellow solid; mp: 198-200 °C; *H NMR (400 MHz, DMSO-d6) § 11.05 (s, 1H),
7.72 (ddd, J = 49.6, 28.7, 21.8 Hz, 3H), 7.44 (ddd, J = 30.6, 19.8, 6.8 Hz, 2H), 7.29 — 7.15 (m,
2H), 7.13 - 6.82 (m, 3H), 6.73 (d, J = 2.2 Hz, 1H), 6.67 — 6.56 (m, 1H), 6.46 — 6.10 (m, 2H),
5.70 — 5.44 (m, 2H), 2.21 (d, J = 16.6 Hz, 2H).; 1*C NMR (100 MHz, DMSO-d6) & 156.27,
147.92, 129.69, 129.37, 129.18, 128.90, 128.78, 128.64, 127.44, 127.39, 123.18, 123.15,
123.03,123.00, 116.36, 112.21, 112.03, 108.37, 104.24, 46.34, 16.83.; HRMS-ESI+ calculated
for Ca1H20F2Ns [M+H]+ 380.1687, found: 380.1690.

4.2.1.56 (E)-2-((E)-1-(1-(4-nitrobenzyl)-1H-pyrrol-2-yl)-3-phenylallylidene)hydrazine-1-
carboximidamide (2s)

Yield 82 %, yellow solid; mp: 212-214°C; *H NMR (400 MHz, DMSO-d6) & 7.95 (d, ] = 7.2
Hz, 1H), 7.80 (d, J = 6.8 Hz, 1H), 7.73 (dd, J = 5.7, 3.3 Hz, 1H), 7.67 (dd, J = 5.6, 3.4 Hz, 1H),
7.52 (dd, J = 16.3, 8.2 Hz, 4H), 7.43 — 7.38 (m, 4H), 7.32 (d, J = 4.5 Hz, 1H), 6.38 (t, J = 19.6
Hz, 1H), 5.89 (dd, J = 19.2, 16.2 Hz, 2H), 4.28 (q, J = 7.1 Hz, 2H), 1.90 (m, 1H), 1.28 (s, 1H).;
13C NMR (100 MHz, DMSO-d6) & 170.22, 167.38, 159.07, 155.97, 132.14, 131.97, 129.83,
129.72,129.36, 129.16, 129.11, 129.03, 128.49, 128.37, 127.25, 127.07, 126.87, 113.51, 61.53,
20.96, 14.41.; HRMS-ESI+ calculated for C21H20NsO2 [M]+ 388.1802, found: 388.1803.
4.2.1.57 (E)-2-((E)-1-(1-(3-bromobenzyl)-1H-pyrrol-2-yl)-3-phenylallylidene)hydrazine-
1-carboximidamide (2t)

Yield 89 %, yellow solid; mp: 228-230°C; *H NMR (400 MHz, DMSO-d6) & 7.77 (ddd, J =
15.7, 7.3, 2.0 Hz, 2H), 7.54 (dd, J = 19.4, 10.6 Hz, 1H), 7.47 — 7.31 (m, 5H), 7.30 — 7.18 (m,
2H), 7.18 — 7.04 (m, 1H), 6.99 (dd, J = 17.4, 6.6 Hz, 1H), 6.92 — 6.74 (m, 1H), 6.51 — 6.32 (m,
1H), 6.27 — 6.18 (m, 1H), 5.66 — 5.43 (m, 2H), 4.98 (d, J = 10.1 Hz, 1H), 2.21 (s, 1H), 2.03 -
1.88 (m, 1H).; 3C NMR (100 MHz, DMSO-d6) & 156.26, 146.22, 142.58, 135.75, 131.13,
130.90, 130.32, 129.98, 129.37, 129.24, 128.64, 127.51, 127.33, 125.81, 125.47, 122.19,
119.50, 116.36, 108.45, 50.92, 16.85.; HRMS-ESI+ calculated for Co1H2:BrNs [M+H]+
422.0980, found: 422.0974.

4.2.1.58 (Z)-2-((E)-1-(1-(4-cyanobenzyl)-1H-pyrrol-2-yl)-3-phenylallylidene)hydrazine-1-
carboximidamide (2u)

Yield 79 %, yellow solid; mp: 223-225°C; *H NMR (400 MHz, DMSO-d6) § 7.82 (ddd, J =
14.1, 10.4, 6.9 Hz, 3H), 7.74 — 7.61 (m, 2H), 7.55 — 7.47 (m, 1H), 7.44 — 7.38 (m, 1H), 7.34
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(dd, J =15.5, 3.7 Hz, 2H), 7.29 — 7.23 (m, 1H), 7.18 (d, J = 5.6 Hz, 1H), 7.11 (d, J = 21.5 Hz,
1H), 7.03 (dd, J = 15.9, 5.2 Hz, 1H), 6.97 — 6.88 (m, 1H), 6.43 — 6.19 (m, 1H), 5.97 — 5.43 (m,
2H), 4.83 — 4.09 (m, 1H), 2.27 — 2.07 (m, 1H), 2.02 — 1.81 (m, 1H).; *C NMR (100 MHz,
DMSO0-d6) 6 170.13, 159.33, 156.27, 130.03, 129.91, 129.75, 129.60, 129.33, 129.17, 128.99,
128.57, 127.53, 127.08, 126.55, 108.37, 61.25, 51.53, 25.16, 21.34, 18.54, 16.83, 14.43.;
HRMS-ESI+ calculated for C22H24N7 [M+NH4]+ 386.2093, found: 386.2130.

4.2.1.59 (E)-2-((E)-1-(1-(3-cyanobenzyl)-1H-pyrrol-2-yl)-3-phenylallylidene)hydrazine-
1-carboximidamide (2v)

Yield 83 %, yellow solid; mp: 217-219°C; *H NMR (400 MHz, DMSO-d6) & 8.25 — 7.69 (m,
4H), 7.68 — 7.41 (m, 3H), 7.40 — 7.24 (m, 4H), 7.24 — 7.11 (m, 2H), 7.11 - 6.61 (m, 2H), 5.62
—5.33 (m, 2H), 4.00 — 3.75 (m, 1H), 3.24 — 3.02 (m, 1H), 1.98 —1.90 (m, 1H).; **C NMR (100
MHz, DMSO-d6) ¢ 156.23, 138.16, 136.92, 130.25, 129.11, 129.06, 129.01, 128.83, 127.97,
127.69, 127.49, 126.71, 122.84, 121.03, 115.00, 114.62, 111.65, 55.70, 50.11, 49.05, 25.46,
18.55.; HRMS-ESI+ calculated for C22H2:Ns [M+H]+ 369.1835, found: 369.1838.

4.2.1.60 (E)-2-((E)-1-(1-(5-fluoro-2-methylbenzyl)-1H-pyrrol-2-yl)-3-
phenylallylidene)hydrazine-1-carboximidamide (2w)

Yield 86 %, yellow solid; mp: 216-218°C; 'H NMR (400 MHz, DMSO-d6) § 11.24 — 10.98
(m, 1H), 10.25 — 10.05 (m, 1H), 9.58 (s, 1H), 8.91 (s, 1H), 7.73 — 7.66 (m, 2H), 7.23 (d, J =
11.9 Hz, 8H), 7.04 — 6.94 (m, 1H), 5.69 — 5.25 (m, 2H), 3.15 (s, 1H), 2.24 — 2.20 (m, 1H), 1.96
(d, J=6.1Hz, 3H).; °C NMR (100 MHz, DMSO0-d6) § 170.16, 159.68, 159.22, 156.50, 156.26,
155.06, 147.43, 141.15, 129.28, 129.01, 115.88, 113.75, 112.06, 111.83, 108.70, 50.99, 49.01,
25.13, 21.23, 18.67, 18.09, 17.04.; HRMS-ESI+ calculated for C22H23FNs [M+H]+ 376.1954,
found: 376.1955.

4.2.1.61 (E)-2-((E)-1-(1-(4-(tert-butyl)benzyl)-1H-pyrrol-2-yl)-3-
phenylallylidene)hydrazine-1-carboximidamide (2x)

Yield 88 %, yellow solid; mp: 220-222°C; *H NMR (400 MHz, DMSO-d6) § 9.56 (s, 1H), 8.90
(d, J =18.4 Hz, 1H), 7.72 (dd, J = 10.1, 6.4 Hz, 1H), 7.64 (d, J = 15.8 Hz, 1H), 7.53 (d, J = 9.9
Hz, 1H), 7.37 (t, J = 10.6 Hz, 1H), 7.29 (dd, J = 9.7, 4.9 Hz, 2H), 7.21 (dd, J = 10.5, 5.0 Hz,
1H), 7.12 - 7.06 (m, 1H), 7.02 — 6.85 (m, 2H), 6.85 — 6.69 (m, 1H), 6.53 — 6.01 (m, 1H), 5.66
—5.19 (m, 2H), 2.24 (s, 1H), 1.98 — 1.90 (m, 2H), 1.32 — 1.28 (m, 1H), 1.25 — 1.22 (m, 6H),
1.17 — 1.04 (m, 3H).; *C NMR (100 MHz, DMSO-d6) & 170.13, 159.64, 159.19, 156.22,
149.78, 147.59, 136.97, 129.11, 129.03, 126.62, 126.18, 125.70, 115.88, 108.35, 56.47, 52.19,
34.62, 31.57, 31.49, 31.44, 25.13, 21.22, 19.03, 18.64, 17.08.; HRMS-ESI+ calculated for
CasH30Ns [M+H]+ 400.2501, found: 400.2506.
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4.2.1.62 (E)-2-((E)-1-(1-(4-isopropylbenzyl)-1H-pyrrol-2-yl)-3-
phenylallylidene)hydrazine-1-carboximidamide (2y)

Yield 92 %, yellow solid; mp: 239-241°C; *H NMR (400 MHz, DMSO-d6) § 11.06 (s, 1H),
7.80 (d, J = 8.5 Hz, 1H), 7.70 (ddd, J = 23.4, 5.9, 3.0 Hz, 1H), 7.55 (dd, J = 21.1, 11.8 Hz, 1H),
7.46 —7.30 (m, 2H), 7.26 — 7.13 (m, 3H), 7.12 — 6.99 (m, 2H), 6.93 (d, J = 6.5 Hz, 1H), 6.90 —
6.79 (m, 2H), 6.71 (dd, J = 3.8, 1.7 Hz, 1H), 6.20 — 6.12 (m, 1H), 5.52 (s, 2H), 2.82 (dt, J =
13.8, 6.9 Hz, 1H), 2.23 (s, 2H), 1.20 — 1.04 (m, 6H).; *C NMR (100 MHz, DMSO-d6) §
159.61, 159.57, 156.17, 156.14, 147.60, 147.54, 147.50, 137.34, 129.33, 129.13, 129.01,
128.64, 127.51, 126.85, 126.77, 126.60, 126.45, 115.92, 108.34, 52.29, 33.49, 24.32, 24.17,
17.00.; HRMS-ESI+ calculated for C2sH2sNs [M+H]+ 386.2358, found: 386.2361.

4.2.1.63 (E)-2-((E)-1-(1-(4-bromobenzyl)-1H-pyrrol-2-yl)-3-(4-
chlorophenyl)allylidene)hydrazine-1-carboximidamide (3a)

Yield 90 %, yellow solid; mp: 231-233°C; 'H NMR (400 MHz, DMSO-d6) & 10.15 (s, 1H),
9.58 (s, 1H), 7.98 — 7.73 (m, 3H), 7.71 - 7.52 (m, 3H), 7.51 - 7.31 (m, 3H), 7.08 (dd, J = 35.7,
12.3 Hz, 1H), 6.94 — 6.59 (m, 2H), 6.55 - 6.05 (M, 1H), 5.96 — 5.32 (m, 2H), 2.21 (s, 1H), 1.90
(s, 1H).; *C NMR (100 MHz, DMSO-d6) § 170.31, 159.63, 159.18, 156.12, 148.85, 147.57,
139.96, 129.23, 129.00, 128.93, 128.85, 128.71, 127.34, 126.72, 126.34, 116.21, 108.54, 52.60,
21.22, 18.55, 16.91.

4.2.1.64 (E)-2-((E)-1-(1-(4-bromobenzyl)-1H-pyrrol-2-yl)-3-(4-
fluorophenyl)allylidene)hydrazine-1-carboximidamide (3b)

Yield 93 %, yellow solid; mp: 242-244°C; 'H NMR (400 MHz, DMSO-d6) § 11.05 (s, 1H),
8.04 — 7.66 (m, 3H), 7.65 — 7.54 (m, 1H), 7.53 — 7.26 (m, 5H), 7.15 — 7.09 (m, 1H), 6.84 (d, J
= 8.4 Hz, 2H), 6.76 — 6.67 (m, 1H), 6.21 — 6.14 (m, 1H), 5.58 (d, J = 13.2 Hz, 2H), 2.22 (s,
1H), 1.91 (d, J = 5.1 Hz, 1H).

4.2.1.65 (2)-2-((E)-1-(1-(4-bromobenzyl)-1H-pyrrol-2-yl)-3-(4-
(trifluoromethyl)phenyl)allylidene)hydrazine-1-carboximidamide (3c)

Yield 76 %, yellow solid; mp: 223-235°C; *H NMR (400 MHz, DMSO-d6) & 11.07 (s, 1H),
8.15—7.76 (m, 3H), 7.74 — 7.55 (m, 3H), 7.54 — 7.40 (m, 3H), 7.15—7.06 (m, 1H), 6.89 — 6.71
(m, 3H), 6.22 — 6.13 (m, 1H), 5.57 (s, 2H), 2.22 (s, 2H).

4.2.1.66 (Z2)-2-((E)-1-(1-(4-bromobenzyl)-1H-pyrrol-2-yI)-3-(p-
tolyl)allylidene)hydrazine-1-carboximidamide (3d)

Yield 76 %, yellow solid; mp: 221-223°C; *H NMR (400 MHz, DMSO-d6) & 10.14 (s, 1H),
9.59 (s, 1H), 8.02 - 7.69 (m, 3H), 7.67 — 7.35 (m, 5H), 7.32 — 7.01 (m, 3H), 6.88 (ddd, J = 24.7,
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12.2,6.3 Hz, 1H), 6.47 — 6.10 (m, 1H), 5.69 — 4.56 (m, 2H), 3.45 (s, 3H), 2.36 — 2.25 (m, 1H),
1.90 (s, 1H).

4.2.1.67 (E)-2-((E)-1-(1-(4-butylbenzyl)-1H-pyrrol-2-yl)-3-(4-
(trifluoromethyl)phenyl)allylidene)hydrazine-1-carboximidamide (3e)

Yield 89 %, yellow solid; mp: 236-238°C; 'H NMR (400 MHz, DMSO-d6) & 11.18 — 10.98
(m, 1H), 10.11 (d, J = 24.0 Hz, 1H), 9.56 (s, 1H), 7.69 (dd, J = 14.6, 7.1 Hz, 4H), 7.54 (dd, J =
13.7,5.7 Hz, 1H), 7.21 (s, 1H), 7.08 (dd, J = 7.9, 5.4 Hz, 2H), 6.95 — 6.82 (m, 1H), 6.80 — 6.65
(m, 1H), 6.21 — 6.11 (m, 1H), 5.66 — 5.34 (m, 2H), 3.16 (s, 1H), 2.21 (s, 1H), 1.98 — 1.89 (m,
6H), 1.46 — 1.27 (m, 1H), 0.89 — 0.81 (m, 3H).; **C NMR (100 MHz, DMS0-d6) § 170.15,
159.63, 159.19, 156.45, 156.19, 155.08, 147.47, 141.40, 137.15, 130.57, 129.11, 128.99,
128.82,127.25, 126.38, 115.90, 108.28, 62.57, 52.36, 49.02, 25.12, 22.19, 21.21, 18.62, 17.02,
14.21.; HRMS-ESI+ calculated for C2eH29 FsNs [M+H]+ 468.2375, found: 468.2371.

4.2.1.68 (Z2)-2-((E)-3-(4-(tert-butyl)phenyl)-1-(1-(4-(trifluoromethoxy)benzyl)-1H-pyrrol-
2-yl)allylidene)hydrazine-1-carboximidamide (3f)

Yield 92 %, yellow solid; mp: 241-243°C; *H NMR (400 MHz, DMSO-d6) & 10.14 (d, J=17.4
Hz, 1H), 9.58 (s, 1H), 8.88 (s, 2H), 7.63 (s, 1H), 7.58 — 7.29 (m, 6H), 7.09 (s, 6H), 4.71 (s, 2H),
3.44 (s, 5H), 2.03 — 1.77 (m, 4H).; C NMR (100 MHz, DMSO0-d6) § 172.85, 170.96, 170.91,
170.87, 170.84, 170.79, 170.70, 170.60, 159.58, 159.42, 159.29, 159.25, 158.96, 158.71,
156.56, 156.20, 155.75, 155.43, 149.19, 147.36, 25.15, 21.62, 21.20, 18.72, 18.55, 15.25,;
HRMS-ESI+ calculated for CasH29 FsNsO [M+H]+ 484.2324, found: 484.2317.

4.2.1.69 (2)-2-((E)-1-(1-(4-(trifluoromethoxy)benzyl)-1H-pyrrol-2-yl)-3-(4-
(trifluoromethyl)phenyl)allylidene)hydrazine-1-carboximidamide (3g)

Yield 89 %, yellow solid; mp: 240-242°C; *H NMR (400 MHz, DMSO-d6) § 11.01 (d, J =22.1
Hz, 1H), 8.86 (s, 1H), 8.19 — 7.93 (m, 1H), 7.91 — 7.81 (m, 1H), 7.66 (d, J = 7.8 Hz, 3H), 7.54
(d, J=8.6 Hz, 1H), 7.19 (d, J = 26.6 Hz, 1H), 7.07 (d, J = 7.8 Hz, 2H), 6.98 — 6.59 (m, 1H),
6.41 - 5.98 (m, 1H), 5.92 — 5.34 (m, 2H), 4.64 (d, J = 37.5 Hz, 1H), 2.22 (s, 1H), 1.98 — 1.89
(m, 2H).; 3C NMR (100 MHz, DMSO0-d6) & 170.13, 159.63, 159.18, 156.43, 156.15, 155.08,
147.59, 144.97, 130.57, 129.42, 128.87, 128.13, 127.24, 127.00, 125.88, 125.84, 116.43,
108.66, 52.31, 25.12, 21.21, 18.60, 16.92.

4.2.1.70 (2)-2-((E)-3-(2,3-dimethoxyphenyl)-1-(1-(4-methylbenzyl)-1H-pyrrol-2-
yl)allylidene)hydrazine-1-carboximidamide (3h)

Yield 92 %, yellow solid; mp: 218-220°C; 'H NMR (400 MHz, DMSO-d6) § 11.21 — 10.95
(m, 1H), 10.12 (d, J = 20.4 Hz, 1H), 9.57 (s, 1H), 8.90 (s, 2H), 7.76 (s, 1H), 7.73 — 7.52 (m,
2H), 7.43 — 7.01 (m, 9H), 4.94 — 3.98 (m, 6H), 2.31 — 2.09 (m, 1H), 2.02 — 1.81 (m, 3H).; °C
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NMR (100 MHz, DMSO-d6) 6 170.13, 159.84, 159.78, 159.66, 159.52, 159.48, 159.26,
159.21, 159.09, 159.04, 158.98, 156.61, 156.51, 156.48, 156.05, 155.06, 154.96, 154.17,
153.53, 153.01, 41.86, 25.13, 21.22, 18.66.; HRMS-ESI+ calculated for C2sH2sNsO2 [M+H]+
418.2243, found: 418.2194.

4.2.1.71 (E)-2-((E)-3-(3,4-dimethoxyphenyl)-1-(1-(4-fluoro-2-(trifluoromethyl)benzyl)-
1H-pyrrol-2-yhallylidene)hydrazine-1-carboximidamide (3i)

Yield 81 %, yellow solid; mp: 252-254°C; *H NMR (400 MHz, DMSO-d6) 6 8.90 (s, 1H), 7.73
(s, 1H), 7.63 — 7.50 (m, 2H), 7.48 — 7.41 (m, 1H), 7.24 (s, 3H), 7.12 (s, 1H), 6.97 — 6.79 (m,
1H), 6.46 (d, J = 15.9 Hz, 1H), 6.27 (d, J = 22.3 Hz, 1H), 5.92 — 5.34 (m, 2H), 4.15 — 3.45 (m,
6H), 2.24 (s, 1H), 1.98 — 1.90 (m, 2H).; *C NMR (100 MHz, DMSO-d6) § 170.13, 159.65,
159.21, 156.47, 156.27, 156.20, 155.06, 147.70, 129.67, 129.21, 128.65, 127.65, 120.49,
120.29, 116.06, 111.73, 109.05, 56.49, 55.99, 49.02, 25.12, 21.22, 18.64, 17.21.; HRMS-ESI+
calculated for C2sH24 F4aNsO2 [M+H]+ 490.1814, found: 490.1812.

4.2.1.72 (2)-2-((E)-3-(2,3-dimethoxyphenyl)-1-(1-(4-(trifluoromethoxy)benzyl)-1H-
pyrrol-2-yl)allylidene)hydrazine-1-carboximidamide (3j)

Yield 76 %, yellow solid; mp: 269-271 °C; *H NMR (400 MHz, DMSO-d6) & 11.30 — 11.13
(m, 1H), 10.18 (d, J = 22.9 Hz, 1H), 9.56 (d, J = 11.0 Hz, 1H), 8.88 (s, 2H), 8.31 — 8.26 (m,
1H), 7.69 (d, J = 8.2 Hz, 2H), 7.46 (d, J = 8.1 Hz, 1H), 7.41 (d, J = 8.1 Hz, 2H), 7.20 (d, J =
6.0 Hz, 1H), 7.16 (d, J = 8.5 Hz, 1H), 5.72 — 5.54 (m, 2H), 4.71 (s, 6H), 2.42 (s, 1H), 1.90 (d,
J=6.7 Hz, 2H).; *C NMR (100 MHz, DMSO-d6) § 170.14, 159.67, 159.21, 156.33, 151.54,
14291, 137.30, 133.38, 128.70, 128.39, 128.10, 126.03, 125.99, 125.28, 123.74, 123.26,
123.20,121.60, 114.24,110.80, 49.30, 31.46, 21.22, 16.66.; HRMS-ESI+ calculated for C24H2s
F3NsO3 [M+H]+ 488.1909, found: 488.1930.

4.2.1.73 (E)-2-((E)-3-(4-(tert-butyl)phenyl)-1-(1-(2,4-difluorobenzyl)-1H-pyrrol-2-
yl)allylidene)hydrazine-1-carboximidamide (3k)

Yield 75 %, yellow solid; mp: 263-265 °C; *H NMR (400 MHz, DMSO-d6) & 11.07 (s, 1H),
10.16 (s, 1H), 9.58 (s, 1H), 8.92 (s, 2H), 7.68 (s, 3H), 7.54 — 7.48 (m, 1H), 7.26 (s, 7H), 4.62
(s, 2H), 1.99 — 1.79 (m, 9H).; **C NMR (100 MHz, DMSO-d6) § 159.57, 156.11, 147.53,
139.48, 131.82, 131.77, 131.62, 129.49, 129.30, 129.00, 128.84, 128.61, 128.52, 127.32,
125.97, 120.53, 120.34, 116.31, 108.52, 52.07, 34.99, 34.94, 31.57, 31.40, 16.92.; HRMS-
ESI+ calculated for CasH2g FoNs [M+H]+ 436.2313, found: 436.2311.
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4.2.1.74 (E)-2-((E)-1-(1-(3,5-dimethoxybenzyl)-1H-pyrrol-2-yl)-3-(3,4-
dimethoxyphenyl)allylidene)hydrazine-1-carboximidamide (3I)

Yield 96 %, yellow solid; mp: 276-278 °C; *H NMR (400 MHz, DMSO-d6) & 11.05 (d, J =
23.1 Hz, 1H), 8.85 (s, 1H), 7.57 (dd, J = 30.1, 16.4 Hz, 2H), 7.38 (s, 1H), 7.11 (dd, J = 2.5, 1.9
Hz, 1H), 6.97 (dd, J = 26.6, 21.3 Hz, 1H), 6.72 (dd, J = 3.9, 1.8 Hz, 1H), 6.36 — 6.31 (m, 1H),
6.19 — 6.14 (m, 1H), 6.04 (d, J = 2.2 Hz, 1H), 5.42 (d, J = 56.1 Hz, 2H), 4.71 (s, 1H), 3.82 —
3.33 (m, 12H), 2.22 (s, 2H), 1.99 — 1.88 (m, 1H).; *3C NMR (100 MHz, DMSO-d6) & 170.14,
161.01, 159.66, 159.61, 159.16, 156.41, 156.22, 156.18, 147.39, 142.48, 129.52, 129.42,
128.93,116.05, 108.25, 104.63, 104.53, 98.75, 55.94, 55.50, 52.67, 25.13, 21.21, 18.60, 16.92.;
HRMS-ESI+ calculated for C2sH29NsO4 [M+H]+ 464.2338, found: 464.2335.

4.2.1.75 (E)-2-((E)-1-(1-(4-(tert-butyl)benzyl)-1H-pyrrol-2-yl)-3-(3,4-
difluorophenyl)allylidene)hydrazine-1-carboximidamide (3m)

Yield 92 %, yellow solid; mp: 282-284 °C; *H NMR (400 MHz, DMSO-d6) & 11.10 (d, J =
38.2 Hz, 1H), 10.14 (s, 1H), 9.57 (s, 1H), 8.88 (s, 1H), 7.30 (d, J = 8.4 Hz, 3H), 7.07 (dd, J =
2.4,1.9 Hz, 1H), 6.85 (d, J = 8.4 Hz, 2H), 6.71 (dd, J = 3.9, 1.8 Hz, 1H), 6.15 (dd, J = 3.8, 2.7
Hz, 1H), 5.52 (s, 2H), 2.24 (s, 1H), 1.96 (d, J = 7.5 Hz, 1H), 1.89 (s, 2H), 1.23 (s, 9H).; 13C
NMR (100 MHz, DMSO-d6) 6 170.14, 159.74, 159.65, 159.24, 159.19, 156.46, 156.22,
155.07,149.78, 147.58, 136.97, 129.12, 129.01, 127.03, 126.17, 125.70, 115.89, 108.35, 52.18,
34.62, 31.57, 25.13, 21.22, 18.65, 17.09.; HRMS-ESI+ calculated for CosHazg FoNs [M+H]+
436.2348, found: 436.2352.

4.2.1.76 (E)-2-((E)-1-(1-([1,1'-biphenyl]-4-yImethyl)-1H-pyrrol-2-yI)-3-(4-(tert-
butyl)phenyl)allylidene)hydrazine-1-carboximidamide (3n)

Yield 90 %, yellow solid; mp: 290-292 °C; *H NMR (400 MHz, DMSO-d6) & 10.28 — 9.88 (m,
1H), 8.88 (s, 1H), 7.63 (ddd, J = 22.5, 11.9, 5.5 Hz, 3H), 7.54 (d, J = 8.3 Hz, 1H), 7.50 — 7.38
(m, 3H), 7.34 (ddd, J = 11.9, 7.9, 5.1 Hz, 3H), 7.28 — 7.20 (m, 1H), 7.19 — 7.14 (m, 1H), 7.09
(d, J=8.2 Hz, 1H), 6.99 (ddd, J = 13.5, 13.0, 5.1 Hz, 2H), 6.90 - 6.72 (m, 1H), 6.44 — 6.33 (m,
1H), 6.26 — 6.15 (m, 1H), 5.68 — 5.38 (m, 1H), 3.58 — 3.40 (m, 2H), 2.24 (s, 1H), 2.03 — 1.82
(m, 2H), 1.33 — 1.03 (m, 7H).; 3C NMR (100 MHz, DMSO0-d6) & 170.14, 159.64, 159.19,
156.19, 140.15, 139.41, 139.23, 129.34, 129.25, 129.01, 128.52, 128.00, 127.84, 127.46,
127.25, 127.20, 127.10, 127.04, 127.00, 126.11, 125.93, 116.10, 108.44, 52.32, 34.96, 31.56,
31.38, 25.13, 21.22, 18.64, 17.05.; HRMS-ESI+ calculated for CaiHzsNs [M+H]+ 476.2883,
found: 476.2889.
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4.2.1.77 (E)-2-((E)-3-(4-(tert-butyl)phenyl)-1-(1-(4-(trifluoromethyl)benzyl)-1H-pyrrol-
2-yl)allylidene)hydrazine-1-carboximidamide (30)

Yield 93 %, yellow solid; mp 271-273 °C; 'H NMR (400 MHz, DMSO-d6) & 11.00 (s, 1H),
8.94 — 8.68 (m, 1H), 7.67 (d, J = 8.4 Hz, 1H), 7.54 — 7.44 (m, 3H), 7.42 — 7.35 (m, 1H), 7.13
(tt, J=16.8, 8.2 Hz, 2H), 6.97 (dt, J = 16.4, 6.0 Hz, 1H), 6.91 - 6.79 (m, 2H), 6.74 (dd, J = 3.9,
1.7 Hz, 1H), 6.30 — 6.12 (m, 1H), 5.63 — 5.37 (m, 2H), 4.71 (s, 1H), 2.21 (s, 2H), 1.41 - 0.98
(m, 9H).; 3C NMR (100 MHz, DMSO0-d6) § 159.57, 156.11, 147.53, 139.48, 131.82, 131.77,
131.62, 129.49, 129.30, 129.00, 128.84, 128.70, 128.61, 128.52, 127.32, 125.97, 120.53,
120.34, 116.31, 108.52, 52.07, 34.99, 34.94, 31.57, 31.40, 16.92.; HRMS-ESI+ calculated for
CasH20F3Ns [M+H]+ 468.2401, found: 468.2403.

4.2.1.78 (Z)-2-((E)-1-(1-(2,5-difluorobenzyl)-1H-pyrrol-2-yl)-3-(4-
isopropylphenyl)allylidene)hydrazine-1-carboximidamide (3p)

Yield 85 %, yellow solid; mp: 239-241 °C; *H NMR (400 MHz, DMSO-d6) & 11.06 (d, J =
29.8 Hz, 1H), 8.86 (s, 1H), 7.65 (d, J = 8.2 Hz, 1H), 7.55 (d, J = 15.6 Hz, 1H), 7.44 — 7.33 (m,
1H), 7.29 — 7.22 (m, 2H), 7.21 — 7.14 (m, 2H), 7.10 (dd, J = 8.4, 6.2 Hz, 1H), 6.90 — 6.72 (m,
1H), 6.47 — 6.35 (m, 1H), 6.22 (ddd, J = 12.8, 6.4, 3.7 Hz, 1H), 5.69 — 5.45 (m, 1H), 3.44 (d, J
=7.0 Hz, 2H), 2.23 (s, 1H), 2.03 — 1.77 (m, 2H), 1.30 — 0.89 (m, 6H).; *C NMR (100 MHz,
DMSO0-d6) 6 159.61, 156.42, 156.24, 155.09, 147.58, 141.52, 129.11, 128.76, 127.36, 127.18,
117.43, 117.34, 117.18, 117.10, 116.23, 116.04, 115.71, 108.75, 46.90, 33.79, 25.13, 24.12,
18.61, 17.01.; HRMS-ESI+ calculated for C24H26F2Ns [M+H]+ 422.2156, found: 422.2201.

4.2.1.79 (E)-2-((E)-1-(1-(4-bromobenzyl)-1H-pyrrol-2-yl)-3-(4-(tert-
butyl)phenyl)allylidene)hydrazine-1-carboximidamide (3q)

Yield 81 %, yellow solid; mp: 234-236 °C; 'H NMR (400 MHz, DMSO-d6) & 11.00 (s, 1H),
8.94 —8.68 (m, 1H), 7.67 (d, J = 8.4 Hz, 1H), 7.54 — 7.44 (m, 3H), 7.42 — 7.35 (m, 1H), 7.13
(tt, J=16.8, 8.2 Hz, 2H), 6.97 (dt, J = 16.4, 6.0 Hz, 1H), 6.91 - 6.79 (m, 2H), 6.74 (dd, J = 3.9,
1.7 Hz, 1H), 6.30 — 6.12 (m, 1H), 5.63 — 5.37 (m, 2H), 4.71 (s, 1H), 2.21 (s, 2H), 1.41 — 0.98
(m, 9H).; 13C NMR (100 MHz, DMSO0-d6) & 159.57, 156.11, 147.53, 139.48, 131.82, 131.77,
131.62, 129.49, 129.30, 129.00, 128.84, 128.61, 128.52, 127.32, 125.97, 120.53, 120.34,
116.31, 108.52, 52.07, 34.99, 34.94, 31.57, 31.40, 16.92.; HRMS-ESI+ calculated for
CasH29BrNs [M+H]+ 478.1606, found: 480.1652.
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4.2.1.80 (E)-2-((E)-1-(1-(4-(tert-butyl)benzyl)-1H-pyrrol-2-yl)-3-(3,5-
dimethoxyphenyl)allylidene)hydrazine-1-carboximidamide (3r)

Yield 86 %, yellow solid; mp: 264-266 °C; 'H NMR (400 MHz, DMSO-d6) & 11.21 — 11.01
(m, 1H), 8.91 (s, 2H), 7.67 (s, 1H), 7.31 (d, J = 1.8 Hz, 1H), 7.29 (s, 1H), 7.24 (s, 2H), 7.07
(dd, J=25, 1.9 Hz, 1H), 6.85 (d, J = 8.4 Hz, 2H), 6.70 (dd, J = 3.9, 1.8 Hz, 1H), 6.15 (dd, J =
3.8, 2.7 Hz, 1H), 5.52 (s, 2H), 4.56 (s, 6H), 2.24 (s, 2H), 1.99 — 1.94 (m, 1H), 1.22 (s, 9H).; °C
NMR (100 MHz, DMSO-d6) 6 159.73, 159.66, 156.48, 156.25, 156.21, 155.05, 149.80,
149.78, 149.75, 147.56, 136.98, 129.17, 129.11, 129.02, 128.99, 126.18, 125.74, 125.70,
125.65, 115.88, 108.34, 52.18, 34.62, 31.57, 25.13, 18.67, 17.11.; HRMS-ESI+ calculated for
C27H34Ns02 [M+H]+ 460.2708, found: 460.2704.

4.2.1.81 (E)-2-((E)-1-(1-(4-(tert-butyl)benzyl)-1H-pyrrol-2-yl)-3-(4-(tert-
butyl)phenyl)allylidene)hydrazine-1-carboximidamide (3s)

Yield 89 %, yellow solid; mp: 260-262 °C; *H NMR (400 MHz, DMSO-d6) & 11.16 (s, 1H),
8.90 (s, 2H), 7.73 (dd, J =5.8, 3.1 Hz, 1H), 7.31 (s, 2H), 7.29 (s, 2H), 7.07 (dd, J = 2.5, 1.9 Hz,
2H), 6.85 (d, J = 8.4 Hz, 3H), 6.71 (dd, J = 3.9, 1.8 Hz, 1H), 6.15 (dd, J = 3.8, 2.7 Hz, 1H),
5.52 (s, 2H), 2.24 (s, 2H), 1.23 (s, 18H).; 3C NMR (100 MHz, DMSO-d6) & 159.73, 159.65,
159.60, 156.27, 156.24, 156.21, 149.81, 149.77, 147.60, 147.56, 137.01, 136.98, 129.17,
129.11, 129.07, 129.03, 126.23, 126.18, 125.70, 115.95, 115.88, 115.20, 113.70, 108.42,
108.34, 52.18, 34.63, 31.57, 17.10.; HRMS-ESI+ calculated for C29H3sNs [M+H]+ 456.3122,
found: 456.3117.

4.2.2 Synthesis and characterization of Indol-3-yl-phenyl allylidene hydrazine
carboximidamide analogues

A total of 79 analogues were synthesized as per the procedure given in section 3.2. The
characterization data is given below:
4.2.2.1(2)-2-((E)-1-(1-benzyl-1H-indol-3-yl)-3-(3,4-difluorophenyl)allylidene)hydrazine-
1-carboximidamide (4a)

Yield 89 %, yellow solid; mp: 263-265 °C; 'H NMR (400 MHz, DMSO-d6) & 11.12 (s, 1H),
10.10 (s, 1H), 9.55 (s, 1H), 8.33 — 8.02 (m, 2H), 7.64 (s, 4H), 7.49 (d, J = 7.9 Hz, 1H), 7.32
(dd, J=10.1, 4.3 Hz, 2H), 7.28 — 7.21 (m, 3H), 7.20 — 7.10 (m, 2H), 5.47 (s, 2H), 2.41 (s, 2H),
1.90 (s, 1H).; *C NMR (100 MHz, DMSO-d6) & 170.15, 159.61, 159.16, 156.42, 156.18,
151.71, 138.07, 137.37, 133.38, 129.08, 127.99, 127.71, 127.50, 127.33, 125.32, 123.63,
123.04,121.46, 113.96, 110.94, 49.87, 25.19, 21.22, 18.56, 16.58.; HRMS-ESI+ calculated for
CasH22F2Ns [M+H]* 430.1843, found: 430.1839.
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4.2.2.2(2)-2-((E)-1-(1-benzyl-1H-indol-3-yI)-3-(3-phenoxyphenyl)allylidene)hydrazine-1-
carboximidamide (4b)

Yield 92 %, white solid; mp: 253-255 °C; *H NMR (400 MHz, DMSO-d6) § 11.05 (d, J = 49.3
Hz, 1H), 10.10 (s, 1H), 8.36 — 8.07 (m, 2H), 7.70 (ddd, J = 62.8, 26.5, 8.9 Hz, 6H), 7.47 (tdd,
J=16.1,11.1,4.7 Hz, 3H), 7.36 — 7.28 (m, 3H), 7.27 — 7.21 (m, 4H), 7.19 (dd, J = 8.0, 1.2 Hz,
1H),7.17 - 7.10 (m, 2H), 5.47 (s, 2H), 2.42 (s, 2H), 1.90 (s, 1H).; **C NMR (100 MHz, DMSO-
d6) 6 170.16, 159.60, 159.16, 156.41, 156.22, 155.15, 151.73, 138.07, 137.37, 133.39, 130.58,
130.27, 129.13, 129.08, 129.00, 127.99, 127.50, 127.44, 125.29, 123.64, 123.40, 123.05,
121.46,118.38,113.94, 110.95, 49.87, 25.14, 21.22, 18.58, 16.57.; HRMS-ESI+ calculated for
Cs1H28NsO [M+H]* 486.2294, found: 486.2287.

4.2.2.3 (2)-2-((E)-1-(1-benzyl-1H-indol-3-yI)-3-(4-(tert-
butyl)phenyl)allylidene)hydrazine-1-carboximidamide (4c)

Yield 85 %, yellow solid; mp: 254-256 °C; *H NMR (400 MHz, DMSO-d6) & 11.12 (s, 1H),
10.11 (s, 1H), 9.56 (s, 1H), 8.33 - 8.02 (m, 2H), 7.96 — 7.54 (m, 6H), 7.51 — 7.45 (m, 1H), 7.37
—7.29 (m, 2H), 7.28 — 7.19 (m, 3H), 7.18 — 7.11 (m, 1H), 5.52 — 5.45 (m, 2H), 3.42 (s, 9H),
2.41 (s, 2H), 1.90 (s, 1H).; *3C NMR (100 MHz, DMSO-d6) § 170.16, 160.34, 159.59, 159.14,
156.22, 151.71, 138.05, 137.35, 133.37, 129.06, 128.19, 127.98, 127.76, 127.69, 127.49,
125.27, 123.62, 123.03, 121.54, 121.45, 113.92, 110.93, 60.23, 49.86, 31.53, 21.21, 18.59,
16.58, 14.42.; HRMS-ESI+ calculated for C29H31Ns [M+H]* 450.2649, found: 450.2646.
4.2.2.4(2)-2-((E)-1-(1-benzyl-1H-indol-3-yl)-3-(3,4-
dimethoxyphenyl)allylidene)hydrazine-1-carboximidamide (4d)

Yield 88 %, yellow solid; mp: 238-240 °C; *H NMR (400 MHz, DMSO-d6) & 11.12 (s, 1H),
8.45-8.04 (m, 2H), 7.98 — 7.56 (m, 4H), 7.56 — 7.38 (m, 2H), 7.38 — 7.28 (m, 3H), 7.28 — 7.22
(m, 3H), 7.22 - 7.10 (m, 2H), 5.49 (d, J = 17.4 Hz, 2H), 4.06 — 3.28 (m, 6H), 2.42 (s, 2H), 2.00
—1.87 (m, 1H).; **C NMR (100 MHz, DMSO-d6) & 170.16, 159.16, 156.23, 155.37, 151.72,
138.07, 137.37, 133.38, 129.28, 129.08, 127.99, 127.73, 127.50, 127.35, 125.36, 125.29,
123.64, 123.04, 121.46, 113.95, 111.79, 110.94, 49.87, 25.19, 21.22, 16.56, 14.80.; HRMS-
ESI+ calculated for C27H28Ns02 [M+H]* 454.2239, found: 454.2236.

4.2.2.5 (2)-2-((E)-1-(1-benzyl-1H-indol-3-yl)-3-(4-isopropylphenyl)allylidene)hydrazine-
1-carboximidamide (4e)

Yield 91 %, brown solid; mp:178-180 °C; *H NMR (400 MHz, DMSO0-d6) 5 11.07 (d, ] =46.9
Hz, 1H), 10.11 (s, 1H), 8.39 — 8.16 (m, 1H), 8.01 — 7.58 (m, 5H), 7.55 — 7.39 (m, 3H), 7.32
(ddd, J =11.2,9.9, 4.9 Hz, 3H), 7.28 — 7.23 (m, 2H), 7.15 (dddd, J = 22.7, 17.4, 7.5, 4.6 Hz,
3H), 5.66 — 5.31 (m, 2H), 3.40 (s, 6H), 2.42 (s, 2H), 1.91 (d, J = 6.8 Hz, 1H).; 3C NMR (100
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MHz, DMSO-d6) 6 170.15, 159.60, 159.15, 158.83, 156.40, 156.22, 155.18, 151.70, 138.06,
137.36, 133.37, 129.06, 127.97, 127.68, 127.49, 127.10, 125.28, 123.63, 123.03, 121.45,
113.93,110.93, 49.87, 25.14, 24.20, 21.22, 18.59, 16.58.; HRMS-ESI+ calculated for C2gHzoNs
[M+H]" 436.2501, found: 436.2500.

4.2.2.6 (2)-2-((E)-1-(1-benzyl-1H-indol-3-yl)-3-(3-methoxyphenyl)allylidene)hydrazine-
1-carboximidamide (4f)

Yield 85 %, yellow solid; mp:178-180 °C;*H NMR (400 MHz, DMSO-d6) § 11.61 (d, ] = 78.1
Hz, 1H), 10.08 (t, J = 11.1 Hz, 1H), 8.33 — 7.82 (m, 2H), 7.79 — 7.47 (m, 4H), 7.43 — 7.37 (m,
1H), 7.35 - 7.23 (m, 4H), 7.22 — 7.11 (m, 2H), 6.96 (ddd, J = 22.2, 17.5, 7.4 Hz, 2H), 6.82 —
6.61 (m, 1H), 5.43 (ddd, J = 73.2, 44.1, 32.3 Hz, 2H), 4.00 — 3.53 (m, 3H), 2.38 (d, J = 32.1
Hz, 1H), 2.03 — 1.79 (m, 1H).; 3C NMR (100 MHz, DMSO-d6) & 170.16, 160.08, 156.20,
140.82, 138.16, 133.36, 131.83, 130.20, 129.12, 129.08, 129.03, 128.09, 128.00, 127.99,
127.73, 127.69, 127.50, 127.45, 122.94, 120.10, 56.00, 55.59, 49.84, 25.18, 21.29, 16.82.;
HRMS-ESI+ calculated for C2sH26NsO[M+H]* 424.2137, found: 424.2140.

4.2.2.7 (2)-2-((E)-1-(1-benzyl-1H-indol-3-yl)-3-(3-fluorophenyl)allylidene) hydrazine-1-
carboximidamide (49)

Yield 84 %, white solid; mp: 208-210 °C; 'H NMR (400 MHz, DMSO-d6) & 11.08 (s, 1H),
8.39-7.91 (m, 2H), 7.67 (dd, J = 34.7, 26.0 Hz, 4H), 7.56 — 7.36 (m, 3H), 7.36 — 7.29 (m, 2H),
7.29 - 7.23 (m, 3H), 7.16 (ddd, J = 24.8, 15.9, 8.7 Hz, 3H), 5.72 — 5.19 (m, 2H), 2.41 (s, 2H),
2.01 — 1.85 (m, 1H).; 3C NMR (100 MHz, DMSO-d6) § 170.15, 159.11, 156.36, 156.29,
156.17, 151.74, 138.06, 137.36, 133.37, 129.07, 129.01, 127.98, 127.69, 127.48, 127.37,
125.28, 123.62, 123.04, 121.45, 113.93, 110.94, 49.87, 25.15, 21.22, 16.53.; HRMS-ESI+
calculated for CasH23FNs [M+H]™ 412.1937, found: 412.1933.

4.2.2.8 (2)-2-((E)-1-(1-benzyl-1H-indol-3-yl)-3-(4-
(benzyloxy)phenylallylidene)hydrazine-1-carboximidamide (4h)

Yield 93 %, yellow solid; mp: 209-211 °C; *H NMR (400 MHz, DMSO-d6) & 11.39 (s, 1H),
8.39 — 7.85 (m, 2H), 7.72 (ddd, J = 43.7, 18.2, 8.3 Hz, 3H), 7.53 (d, J = 6.9 Hz, 1H), 7.51 —
7.37 (m, 6H), 7.37 — 7.29 (m, 3H), 7.28 — 7.12 (m, 3H), 7.10 — 6.70 (m, 3H), 6.34 (s, 1H), 5.66
—4.87 (m, 4H), 2.41 (s, 1H), 2.11 — 1.82 (m, 1H).; *C NMR (100 MHz, DMSO-d6) § 158.51,
156.96, 156.18, 151.72, 138.06, 137.46, 137.43, 133.35, 132.32, 130.19, 130.02, 129.11,
129.07, 129.02, 128.92, 128.90, 128.36, 128.31, 128.27, 128.16, 128.12, 127.98, 127.68,
127.48, 125.29, 121.45, 114.60, 113.96, 110.94, 69.72, 49.90, 16.55.; HRMS-ESI+ calculated
for Ca2H30Ns0 [M+H]" 500.2450, found: 500.2454.
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4.2.2.9 (2)-2-((E)-1-(1-benzyl-1H-indol-3-yl)-3-(4-
(dimethylamino)phenyl)allylidene)hydrazine-1-carboximidamide (4i)

Yield 83 %, yellow creamish solid; mp: 204-206 °C; *H NMR (400 MHz, DMSO-d6) & 11.08
(s, 1H), 8.24 (dd, J = 36.9, 16.6 Hz, 2H), 7.72 — 7.55 (m, 3H), 7.50 (t, J = 8.9 Hz, 1H), 7.39 —
7.30 (m, 3H), 7.29 — 7.23 (m, 4H), 7.22 — 7.12 (m, 2H), 7.05 (t, J = 11.6 Hz, 1H), 6.73 (dd, J =
19.9, 10.4 Hz, 1H), 5.47 (s, 2H), 3.50 — 3.24 (m, 6H), 2.85 (s, 1H), 2.42 (s, 2H).; *C NMR
(100 MHz, DMSO-d6) & 156.18, 151.74, 138.05, 137.72, 137.36, 133.38, 129.12, 129.07,
128.10, 127.98, 127.68, 127.49, 126.62, 125.28, 123.63, 123.04, 121.80, 121.46, 113.93,
113.00, 111.27, 110.94, 107.45, 58.99, 49.87, 45.19, 16.54.; HRMS-ESI+ calculated for
Co7H29Ns [M+H]" 437.2454, found: 437.2462.

4.2.2.10 (Z)-2-((E)-1-(1-benzyl-1H-indol-3-yl)-3-(3-bromophenyl)allylidene)hydrazine-1-
carboximidamide (4))

Yield 93 %, yellow solid; mp:199-201 °C; *H NMR (400 MHz, DMSO-d6) & 11.13 (s, 1H),
8.35-7.83 (m, 3H), 7.83 — 7.54 (m, 4H), 7.54 — 7.36 (m, 2H), 7.36 — 7.29 (m, 2H), 7.28 — 7.22
(m, 3H), 7.22 - 6.88 (m, 3H), 5.63 — 5.34 (m, 2H), 2.42 (s, 2H), 2.00 — 1.88 (m, 1H).; *C NMR
(100 MHz, DMSO-d6) & 170.15, 159.14, 156.21, 151.71, 138.06, 137.36, 133.36, 131.17,
129.07,127.98, 127.65, 127.49, 127.38, 125.29, 123.63, 123.04, 121.45, 113.95, 110.94, 49.87,
25.15, 21.22, 18.57, 16.56, 14.56.; HRMS-ESI+ calculated for C2sH23BrNs [M+H]™ 472.1137,
found: 472.1131.

4.2.2.11 (Z)-2-((E)-1-(1-benzyl-1H-indol-3-yl)-3-(4-bromophenyl)allylidene)hydrazine-1-
carboximidamide (4k)

Yield 83 %, white solid; mp:184-187 °C; *H NMR (400 MHz, DMSO-d6) § 11.12 (s, 1H), 8.36
—7.99 (m, 2H), 7.75 (ddd, J = 39.0, 23.9, 6.0 Hz, 4H), 7.59 — 7.37 (m, 3H), 7.36 — 7.29 (m,
2H), 7.25 (dd, J = 7.2, 3.9 Hz, 3H), 7.22 — 6.88 (m, 3H), 5.49 (d, J = 14.4 Hz, 2H), 2.42 (s, 2H),
2.01 — 1.84 (m, 1H).; *C NMR (100 MHz, DMSO-d6) § 170.15, 159.13, 156.21, 151.71,
138.06, 137.36, 133.36, 129.07, 127.98, 127.75, 127.66, 127.48, 127.44, 125.29, 123.62,
123.03, 121.45, 113.95, 110.93, 60.19, 49.87, 25.15, 21.22, 18.51, 16.55.; HRMS-ESI+
calculated for CasH23BrNs [M+H]*™ 472.1137, found: 472.1144.

4.2.2.12 (Z2)-2-((E)-1-(1-benzyl-1H-indol-3-y1)-3-(2,5-
dimethoxyphenyl)allylidene)hydrazine-1-carboximidamide (41)

Yield 87 %, yellow solid; mp: 281-283 °C; *H NMR (400 MHz, DMSO-d6) & 11.11 (s, 1H),
8.32-8.02 (m, 2H), 8.01 — 7.60 (m, 4H), 7.58 — 7.37 (m, 2H), 7.36 — 7.28 (m, 2H), 7.28 — 7.23
(m, 3H), 7.23 - 7.06 (m, 2H), 7.06 — 6.77 (m, 1H), 5.49 (d, J = 15.1 Hz, 2H), 3.85 - 3.37 (m,
6H), 2.42 (s, 2H), 2.06 — 1.82 (m, 1H).; **C NMR (100 MHz, DMSO-d6) & 159.14, 156.21,
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151.72, 138.05, 137.36, 133.38, 129.06, 127.98, 127.64, 127.49, 127.27, 125.28, 125.09,
123.63, 123.04, 121.45, 113.93, 113.45, 111.95, 111.80, 110.94, 56.69, 56.43, 49.87, 21.57,
21.22, 16.57.; HRMS-ESI+ calculated for C27H2sNsO2 [M+H]* 454.2249, found: 454.2254.
4.2.2.13 (Z2)-2-((E)-1-(1-benzyl-1H-indol-3-yl)-3-(p-tolyl)allylidene)hydrazine-1-
carboximidamide (4m)

Yield 81 %, yellow solid; mp: 285-287 °C; *H NMR (400 MHz, DMSO-d6) & 11.08 (d, J =
49.5 Hz, 1H), 10.10 (d, J = 7.5 Hz, 1H), 9.55 (s, 1H), 8.92 — 8.68 (m, 1H), 8.36 — 8.13 (m, 1H),
8.01—7.78 (m, 2H), 7.71 — 7.63 (m, 2H), 7.59 — 7.46 (m, 2H), 7.43 — 7.28 (m, 4H), 7.27-7.21
(m, 2H), 7.20 — 7.07 (m, 3H), 5.60 — 5.28 (m, 2H), 2.43 — 2.28 (m, 2H), 1.98 — 1.89 (m, 1H).;
13C NMR (100 MHz, DMSO-d6) & 170.14, 159.66, 159.16, 156.24, 155.07, 151.76, 138.06,
137.33, 136.97, 133.44, 129.75, 129.06, 128.61, 127.96, 127.71, 127.68, 127.49, 125.28,
121.45, 113.93, 111.69, 49.87, 25.14, 21.22, 18.61, 16.60.; HRMS-ESI+ calculated for
Ca6H26Ns [M+H]+ 408.2182, found: 408.2179.

4.2.2.14 (2)-2-((E)-1-(1-benzyl-1H-indol-3-y1)-3-(3-nitrophenyl)allylidene)hydrazine-1-
carboximidamide (4n)

Yield 89 %, brown solid; mp: 211-214 °C; *H NMR (400 MHz, DMSO-d6) & 11.09 (s, 1H),
8.36 —8.17 (m, 2H), 7.71 (t, J = 97.5 Hz, 4H), 7.45 (t, J = 26.0 Hz, 2H), 7.36 — 7.27 (m, 3H),
7.27 — 7.23 (m, 3H), 7.23 — 6.91 (m, 3H), 5.47 (s, 2H), 2.42 (s, 2H).; *C NMR (100 MHz,
DMSO0-d6) 6 156.19, 151.73, 138.31, 138.06, 137.48, 137.36, 133.47, 133.37, 133.28, 129.07,
128.84, 128.22, 127.98, 127.63, 127.48, 125.28, 123.73, 123.63, 123.04, 122.77, 121.45,
113.94, 110.94, 49.87, 16.54.; HRMS-ESI+ calculated for C2sH23NsO2 [M+H]+ 439.1882,
found: 439.1805.

4.2.2.15 (Z2)-2-((E)-1-(1-benzyl-1H-indol-3-yl)-3-(4-cyanophenyl)allylidene)hydrazine-1-
carboximidamide (40)

Yield 95 %, yellow solid; mp: 211-214 °C; *H NMR (400 MHz, DMSO-d6) & 11.08 (d, J =
49.5 Hz, 1H), 10.25 — 10.02 (m, 1H), 9.55 (s, 1H), 8.31 — 7.86 (m, 2H), 7.84 — 7.41 (m, 6H),
7.38 —7.18 (m, 6H), 7.15 — 6.97 (m, 1H), 5.49 (dt, J = 64.8, 28.7 Hz, 2H), 2.42 (s, 1H), 1.99 —
1.89 (m, 1H).; C NMR (100 MHz, DMSO-d6) § 170.14, 159.17, 156.24, 151.69, 138.06,
137.36, 133.38, 129.14, 129.12, 129.07, 129.00, 128.69, 128.30, 127.98, 127.73, 127.67,
127.49, 125.33, 123.64, 123.03, 121.45, 113.94, 110.79, 49.87, 21.23, 16.60.; HRMS-ESI-
calculated for C2sH21Ne [M-H]- 417.0698, found: 417.0694.
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4.2.2.16 (2)-2-((E)-1-(1-benzyl-1H-indol-3-yI)-3-(2-fluorophenyl)allylidene)hydrazine-1-
carboximidamide (4p)

Yield 79 %, light yellow solid; mp: 207-210 °C; *H NMR (400 MHz, DMSO-d6) & 11.10 (s,
1H), 8.36 — 8.10 (m, 2H), 8.03 — 7.63 (m, 3H), 7.64 — 7.50 (m, 2H), 7.43 (dd, J = 43.9, 7.9 Hz,
2H), 7.36 — 7.29 (m, 2H), 7.28 — 7.23 (m, 3H), 7.21 (dd, J= 7.1, 1.1 Hz, 1H), 7.17 (dd, J = 4.3,
1.4 Hz, 1H), 7.16 — 7.10 (m, 1H), 5.47 (s, 2H), 2.42 (s, 2H), 1.99 — 1.86 (m, 1H).; 3C NMR
(100 MHz, DMSO-d6) & 170.15, 159.14, 156.32, 156.22, 151.72, 138.22, 138.05, 137.36,
133.55, 133.36, 129.22, 129.07, 127.98, 127.49, 125.28, 123.76, 123.62, 123.04, 121.52,
121.45, 113.94, 110.94, 49.87, 21.22, 16.56.; HRMS-ESI- calculated for CasH23FNs [M+H]+
412.1937, found: 412.1975.

4.2.2.17 (2)-2-((E)-1-(1-benzyl-1H-indol-3-yl)-3-(2,4-
difluorophenyl)allylidene)hydrazine-1-carboximidamide (4q)

Yield 86 %, light brown solid; mp: 237-240 °C; *H NMR (400 MHz, DMSO-d6) & 10.19 —
10.05 (m, 1H), 9.54 (s, 1H), 8.31 — 7.94 (m, 2H), 7.61 (dddd, J = 25.8, 22.1, 20.3, 16.0 Hz,
6H), 7.39 — 7.20 (m, 5H), 7.19 — 6.98 (m, 2H), 6.95 — 6.50 (m, 1H), 5.60 — 5.34 (m, 2H), 2.42
(s, 1H), 1.91 (d, J = 6.8 Hz, 1H).; *C NMR (100 MHz, DMSO0-d6) § 170.11, 159.61, 159.16,
156.24, 138.09, 136.97, 133.43, 131.86, 129.08, 129.04, 129.01, 127.97, 127.82, 127.67,
127.49, 127.46, 125.29, 122.95, 121.22, 111.54, 49.82, 25.12, 21.22, 18.60, 16.59.; HRMS-
ESI+ calculated for CosH22F2Ns [M+H]+ 430.1740, found: 430.1736.

4.2.2.18 (Z)-2-((E)-1-(1-benzyl-1H-indol-3-yl)-3-phenylallylidene)hydrazine-1-
carboximidamide (4r)

Yield 89 %, yellow solid; mp: 211-213 °C; *H NMR (400 MHz, DMSO-d6) § 9.06 — 8.51 (m,
1H), 5 8.33 — 7.89 (m, 2H), 7.83 — 7.60 (m, 3H), 7.57 — 7.45 (m, 1H), 7.37 (dd, J = 14.0, 5.9
Hz, 2H), 7.33 — 7.24 (m, 4H), 7.20 (dd, J = 13.7, 6.9 Hz, 1H), 7.17 — 7.05 (m, 2H), 7.02 - 6.70
(m, 1H), 5.45 (ddd, J =54.7, 32.4, 12.1 Hz, 2H), 4.82 — 4.41 (m, 1H), 3.45 - 3.31 (m, 2H), 2.42
(s, 1H), 2.00 — 1.87 (m, 1H).; *3C NMR (100 MHz, DMSO0-d6) § 170.14, 159.61, 159.16,
156.24, 151.69, 138.06, 137.36, 136.98, 133.38, 129.06, 127.98, 127.68, 127.49, 127.41,
125.28, 123.63, 123.03, 121.45, 113.93, 110.93, 49.87, 25.13, 21.22, 18.60, 16.59.; HRMS-
ESI+ calculated for CosH24Ns [M+H]+ 394.2032, found: 394.1938.

4.2.2.19 (2)-2-((E)-1-(1-benzyl-1H-indol-3-yl)-3-(4-methoxyphenyl)allylidene)hydrazine-
1-carboximidamide (4s)

Yield 87 %, yellow solid; mp: 211-213 °C; *H NMR (400 MHz, DMSO-d6) & 10.09 (d, J =
24.5 Hz, 1H), 9.56 (s, 1H), 8.30 —8.01 (m, 1H), 7.99 — 7.87 (m, 1H), 7.82 — 7.58 (m, 5H), 7.56
—7.37 (m, 3H), 7.33 - 7.13 (m, 5H), 7.09 — 6.92 (m, 1H), 5.63 — 5.31 (m, 2H), 3.80 — 3.64 (m,
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3H), 1.95 — 1.87 (m, 2H).; *C NMR (100 MHz, DMSO-d6) § 170.14, 159.62, 159.18, 156.26,
138.06, 137.35, 136.90, 133.37, 130.27, 129.10, 129.06, 129.01, 127.96, 127.69, 127.49,
125.28, 123.02, 121.45, 114.62, 113.93, 111.70, 55.71, 25.17, 21.22, 18.51, 16.67.; HRMS-
ESI+ calculated for C26H26Ns0 [M+H]+ 424.2137, found: 424.2030.

4.2.2.20 (2)-2-((E)-1-(1-benzyl-1H-indol-3-yl)-3-(2-nitrophenyl)allylidene)hydrazine-1-
carboximidamide (4t)

Yield 87 %, yellow solid; mp: 203-205 °C; *H NMR (400 MHz, DMSO-d6) § 11.08 (d, J =
50.3 Hz, 1H), 10.08 (d, J = 33.9 Hz, 1H), 9.55 (s, 1H), 8.36 — 7.85 (m, 2H), 7.59 (d, J = 43.4
Hz, 5H), 7.52 — 7.39 (m, 2H), 7.36 — 7.29 (m, 2H), 7.28 — 7.22 (m, 2H), 7.22 — 6.99 (m, 2H),
5.47 (s, 2H), 1.96 — 1.89 (m, 2H).; *C NMR (100 MHz, DMSO-d6) § 170.15, 160.04, 159.17,
156.43, 156.35, 156.24, 155.12, 151.70, 138.05, 137.35, 133.38, 129.06, 127.97, 127.49,
125.28, 123.63, 123.03, 121.45, 113.92, 110.93, 49.87, 25.13, 21.23, 18.61, 16.60.; HRMS-
ESI+ calculated for C2sH22NsO2 [M+H]+ 438.1780, found: 438.1776.

4.2.2.21 (2)-2-((E)-1-(1-benzyl-1H-indol-3-yl)-3-(4-
(trifluoromethyl)phenyl)allylidene)hydrazine-1-carboximidamide (4u)

Yield 93 %, yellow solid; mp: 201-203 °C; *H NMR (400 MHz, DMSO-d6) & 11.08 (d, J =
51.1 Hz, 1H), 10.10 (d, J = 29.1 Hz, 1H), 9.56 (s, 1H), 8.36 — 7.90 (m, 2H), 7.83 — 7.55 (m,
6H), 7.52 — 7.46 (m, 1H), 7.35 - 7.26 (m, 2H), 7.26 — 7.22 (m, 2H), 7.22 — 7.11 (m, 2H), 5.60
— 5.34 (m, 2H), 1.90 (s, 2H).; 3C NMR (100 MHz, DMSO-d6) & 170.17, 159.60, 159.18,
156.44, 156.26, 155.12, 151.69, 138.05, 137.34, 133.38, 129.06, 128.01, 127.97, 127.71,
127.49, 125.27, 123.62, 123.03, 121.45, 113.91, 110.93, 49.86, 25.13, 21.22, 18.62, 16.62.;
HRMS-ESI+ calculated for C2sH23F3Ns [M+H]+ 462.1906, found: 462.1793.

4.2.2.22 (2)-2-((E)-1-(1-benzyl-1H-indol-3-yl)-3-(2-bromo-5-
chlorophenyl)allylidene)hydrazine-1-carboximidamide (4v)

Yield 95 %, yellow solid; mp: 204-206 °C; *H NMR (400 MHz, DMSO-d6) & 11.10 (d, J =
50.3 Hz, 1H), 10.15 (s, 1H), 9.57 (s, 1H), 8.29 — 8.21 (m, 1H), 7.79 — 7.64 (m, 7H), 7.48 (d, J
= 8.0 Hz, 2H), 7.33 - 7.29 (m, 1H), 7.27 — 7.22 (m, 2H), 7.15 (ddd, J = 14.8, 8.1, 3.9 Hz, 1H),
5.47 (s, 2H), 1.89 (s, 2H).; 13C NMR (100 MHz, DMSO-d6) & 172.46, 170.16, 159.63, 159.20,
156.46, 156.28, 155.11, 151.67, 138.05, 137.33, 133.38, 129.05, 127.97, 127.49, 125.26,
123.61, 123.02, 121.45, 113.90, 110.93, 49.86, 25.13, 21.22, 18.64, 16.64.; HRMS-ESI+
calculated for C2sH22BrCINs [M+H]+ 506.0747, found: 508.0592.
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4.2.2.23 (2)-2-((E)-1-(1-benzyl-1H-indol-3-yl)-3-(3-
(benzyloxy)phenylallylidene)hydrazine-1-carboximidamide (4w)

Yield 85 %, brown solid; mp: 179-182 °C; *H NMR (400 MHz, DMSO-d6) & 11.16 (s, 1H),
10.10 (d, J = 31.6 Hz, 1H), 9.43 (d, J = 110.8 Hz, 1H), 8.36 — 8.08 (m, 3H), 7.87 (dd, J = 96.5,
9.5 Hz, 3H), 7.67 (s, 3H), 7.50 (dd, J = 16.5, 6.6 Hz, 2H), 7.38 (d, J =5.5 Hz, 1H), 7.37 — 7.33
(m, 1H), 7.30 (d, J = 6.5 Hz, 2H), 7.25 (d, J = 6.3 Hz, 4H), 7.20 (d, J = 7.0 Hz, 1H), 7.17 (d, J
=3.2 Hz, 1H), 7.16 — 7.05 (m, 1H), 5.57 — 5.34 (m, 2H), 1.97 — 1.88 (m, 2H).; 13C NMR (100
MHz, DMSO-d6) & 170.16, 159.62, 159.19, 156.44, 156.26, 155.11, 151.70, 138.05, 137.35,
133.38, 129.06, 128.87, 128.82, 128.28, 128.15, 127.97, 127.69, 127.49, 127.40, 125.28,
123.63, 123.03, 121.46, 113.93, 110.93, 56.49, 49.87, 25.13, 21.23, 19.03, 18.62, 16.62.;
HRMS-ESI+ calculated for C32HzoNsO [M+H]+ 500.2337, found: 500.2335.

4.2.2.24 (Z)-2-((E)-1-(1-benzyl-1H-indol-3-yl)-3-(4-nitrophenyl)allylidene)hydrazine-1-
carboximidamide (4x)

Yield 89 %, yellow solid; mp: 164-166 °C; *H NMR (400 MHz, DMSO-d6) & 8.40 — 7.96 (m,
3H), 7.95 — 7.52 (m, 5H), 7.53 — 7.35 (m, 2H), 7.35 — 6.92 (m, 7H), 5.60 — 5.34 (m, 2H), 3.17
(s, 1H), 2.42 (s, 1H), 1.99 — 1.89 (m, 1H).; **C NMR (100 MHz, DMS0-d6) § 170.15, 159.19,
156.27, 151.68, 138.06, 137.35, 133.37, 129.12, 129.06, 127.97, 127.68, 127.49, 127.34,
125.28, 123.63, 123.03, 121.45, 113.93, 110.93, 49.87, 49.05, 25.13, 21.23, 18.62, 16.62.;
HRMS-ESI+ calculated for CasH23NsO2 [M+H]+ 439.1882, found: 439.1916.

4.2.2.25 (Z)-2-((E)-1-(1-benzyl-1H-indol-3-yl)-3-(3-cyanophenyl)allylidene)hydrazine-1-
carboximidamide (4y)

Yield 88 %, yellow solid; mp: 219-221 °C; *H NMR (400 MHz, DMSO-d6) § 11.14 (s, 1H),
8.32-8.01 (m, 2H), 8.00 — 7.51 (m, 5H), 7.51 — 7.34 (m, 2H), 7.35 — 7.23 (m, 5H), 7.22 — 6.79
(m, 3H), 5.57 — 5.31 (m, 2H), 3.18 (s, 1H), 2.42 (s, 1H).; 3C NMR (100 MHz, DMSO-d6) &
156.23, 151.71, 138.06, 137.36, 137.04, 133.36, 129.07, 128.75, 127.98, 127.65, 127.49,
127.38, 127.35, 127.26, 125.29, 123.63, 123.04, 121.45, 113.95, 111.72, 110.93, 49.87, 49.06,
25.15, 16.56, 14.65.; HRMS-ESI+ calculated for CosH2sNe [M+H]+ 419.1984, found:
419.1975.

4.2.2.26 (Z2)-2-((E)-1-(1-benzyl-1H-indol-3-y1)-3-(2,5-
difluorophenyl)allylidene)hydrazine-1-carboximidamide (4z)

Yield 93 %, yellow solid; mp: 207-209 °C; *H NMR (400 MHz, DMSO-d6) § 8.25 — 7.90 (m,
2H), 7.87 — 7.52 (m, 4H), 7.51 — 7.35 (m, 2H), 7.34 — 7.21 (m, 5H), 7.20 — 7.10 (m, 2H), 7.09
—6.79 (m, 1H), 5.63 —5.34 (m, 2H), 3.28 —3.10 (m, 1H), 2.49 (dd, J = 19.3, 17.5 Hz, 1H), 2.03
—1.84 (m, 1H).; **C NMR (100 MHz, DMSO-d6) § 156.24, 150.00, 138.06, 137.95, 136.65,
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133.46, 131.87, 129.07, 129.04, 128.75, 128.07, 127.97, 127.84, 127.68, 127.31, 126.06,
122.99, 121.25, 120.06, 111.74, 103.35, 50.05, 49.83, 25.07, 18.58.; HRMS-ESI+ calculated
for CosH22F2Ns [M+H]+ 430.1843, found: 430.1815.

4.2.2.27 (2)-2-((E)-1-(1-benzyl-1H-indol-3-yl)-3-(2,3-
dimethoxyphenyl)allylidene)hydrazine-1-carboximidamide (4aa)

Yield 91 %, light yellow solid; mp: 211-213 °C; *H NMR (400 MHz, DMSO-d6) & 11.71 —
10.98 (m, 1H), 8.92 — 7.90 (m, 2H), 7.89 — 7.44 (m, 5H), 7.43 — 7.24 (m, 5H), 7.23 — 7.08 (m,
3H), 7.06 — 6.70 (m, 1H), 5.74 — 5.19 (m, 2H), 3.89 — 3.34 (m, 6H), 2.42 (s, 1H), 2.01 — 1.87
(m, 1H).; 3C NMR (100 MHz, DMSO-d6) & 159.62, 156.25, 153.08, 147.68, 138.15, 138.06,
133.39, 129.68, 129.07, 129.03, 127.98, 127.67, 127.58, 127.49, 127.40, 125.29, 123.04,
121.46, 113.93, 61.23, 60.68, 56.25, 50.03, 49.10, 25.13, 18.61, 16.60.; HRMS-ESI+
calculated for C27H2sNs02 [M+H]+ 454.2208, found: 454.2204.

4.2.2.28 (2)-2-((E)-1-(1-benzyl-1H-indol-3-yI)-3-(2,4-
dichlorophenyl)allylidene)hydrazine-1-carboximidamide (4ab)

Yield 82 %, yellow solid; mp: 214-216 °C; *H NMR (400 MHz, DMSO-d6) & 11.88 — 11.50
(m, 1H), 8.48 — 7.95 (m, 2H), 7.91 — 7.72 (m, 2H), 7.71 — 7.47 (m, 4H), 7.46 — 7.33 (m, 2H),
7.32-7.21 (m, 4H), 7.20 - 6.98 (m, 2H), 5.61 — 5.34 (m, 2H), 2.49 — 2.28 (m, 1H), 2.02 - 1.83
(m, 1H).; 3C NMR (100 MHz, DMSO-d6) & 156.24, 150.02, 138.05, 137.06, 134.90, 134.53,
133.35, 132.91, 130.28, 129.52, 129.05, 128.23, 128.05, 127.74, 127.69, 127.49, 126.40,
123.68, 123.03, 122.41, 49.78, 25.18, 21.35, 18.56, 16.53.; HRMS-ESI+ calculated for
CasH22CI2Ns [M+H]+ 462.1252, found: 462.1210.

4.2.2.29 (2)-2-((E)-1-(1-benzyl-1H-indol-3-yl)-3-(4-chlorophenyl)allylidene)hydrazine-1-
carboximidamide (4ac)

Yield 86 %, yellow solid; mp: 204206 °C; *H NMR (400 MHz, DMSO-d6) § 8.39 — 7.97 (m,
2H), 7.95 - 7.69 (m, 3H), 7.68 — 7.54 (m, 2H), 7.54 — 7.45 (m, 2H), 7.45 - 7.38 (m, 1H), 7.37
—7.33 (m, 1H), 7.33 - 7.27 (m, 2H), 7.27 — 7.14 (m, 3H), 7.14 — 6.51 (m, 2H), 5.63 — 5.31 (m,
2H), 2.50 — 2.33 (m, 1H), 2.00 — 1.90 (m, 1H).; *3C NMR (100 MHz, DMSO-d6) & 159.05,
156.24, 155.23, 150.00, 138.13, 136.99, 135.17, 133.48, 130.53, 130.31, 129.41, 129.06,
128.65, 128.44, 127.97, 127.66, 127.49, 122.90, 121.45, 111.59, 103.55, 62.60, 49.80, 25.18,
18.56.; HRMS-ESI+ calculated for C2sH23CINs [M+H]+ 428.1597, found: 428.1598.

4.2.2.30 (2)-2-((E)-1-(1-benzyl-1H-indol-3-yl)-3-(3,4-
dichlorophenyl)allylidene)hydrazine-1-carboximidamide (4ad)

Yield 79 %, yellow solid; mp: 230- 232 °C; *H NMR (400 MHz, DMSO-d6) & 8.39 — 7.84 (m,
3H), 7.83 — 7.55 (m, 4H), 7.55 - 7.33 (m, 3H), 7.32 — 7.22 (m, 3H), 7.21 - 6.76 (m, 3H), 5.46
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(dt, J = 34.3, 20.3 Hz, 2H), 3.28 — 3.07 (m, 1H), 2.42 (s, 1H), 2.01 — 1.87 (m, 1H).; 3C NMR
(100 MHz, DMSO-d6) & 159.05, 156.24, 155.23, 150.00, 138.13, 136.99, 135.17, 133.48,
130.53, 130.31, 129.41, 129.06, 128.65, 128.44, 127.97, 127.66, 127.49, 122.90, 121.45,
111.59, 103.55, 62.60, 49.80, 25.18, 18.56.; HRMS-ESI+ calculated for C2sH22CIloNs [M+H]+
462.1252, found: 462.1266.

4.2.2.31 (2)-2-((E)-1-(1-benzyl-1H-indol-3-yl)-3-(4-fluorophenyl)allylidene) hydrazine-1-
carboximidamide (4ae)

Yield 75 %, yellow solid; mp: 216-218 °C; *H NMR (400 MHz, DMSO-d6) § 7.84 — 7.78 (m,
1H), 7.74 — 7.69 (m, 1H), 7.69 — 7.64 (m, 1H), 7.60 (dd, J = 11.7, 9.4 Hz, 1H), 7.52 (dd, J =
15.1, 8.8 Hz, 1H), 7.48 — 7.42 (m, 1H), 7.41 — 7.35 (m, 3H), 7.33 (dd, J = 8.1, 2.2 Hz, 1H),
7.31-7.25 (m, 1H), 7.24 — 7.18 (m, 1H), 7.17 — 7.10 (m, 1H), 7.08 — 6.70 (m, 3H), 6.43 — 6.20
(m, 1H), 5.77 — 5.38 (m, 2H), 4.41 — 4.00 (m, 1H), 2.21 (t, J = 5.0 Hz, 1H), 1.98 — 1.90 (m,
1H).; 3C NMR (100 MHz, DMSO-d6) § 170.14, 159.05, 156.27, 129.32, 129.29, 129.17,
129.03,129.00, 128.94, 128.76, 128.58, 128.48, 128.11, 127.43, 127.35, 127.25, 119.38, 61.24,
51.53, 25.14, 21.34, 18.55, 16.84, 15.47, 14.41.; HRMS-ESI+ calculated for CzsH23FNs
[M+H]+ 412.1937, found: 412.1897.

4.2.2.32 (2)-2-((E)-1-(1-benzyl-1H-indol-3-yl)-3-(o-tolyl)allylidene)hydrazine-1-
carboximidamide (4af)

Yield 78 %, yellow solid; mp: 227-229 °C; *H NMR (400 MHz, DMSO0-d6)  10.15 (s, 1H),
8.25 - 7.87 (m, 3H), 7.86 — 7.42 (m, 4H), 7.34 (ddd, J = 11.9, 7.5, 2.5 Hz, 4H), 7.29 — 7.19 (m,
4H), 7.19 - 7.07 (m, 3H), 7.01 (t, J = 12.7 Hz, 1H), 5.55 (d, J = 31.9 Hz, 2H), 2.26 — 1.82 (m,
3H).; ¥3C NMR (100 MHz, DMSO-d6) & 159.67, 156.02, 150.56, 138.09, 136.65, 136.43,
134.81, 131.65, 131.05, 129.60, 129.16, 129.08, 128.97, 128.05, 127.72, 127.51, 126.94,
126.14, 125.63, 122.85, 121.06, 120.23, 111.66, 103.82, 49.96, 19.57.; HRMS-ESI+ calculated
for CoeH26Ns [M+H]+ 408.2152, found: 408.2149.

4.2.2.33 (2)-2-((E)-1-(1-(4-butylbenzyl)-1H-indol-3-yl)-3-phenylallylidene)hydrazine-1-
carboximidamide (5a)

Yield 95 %, yellow solid; mp: 197— 199 °C; 'H NMR (400 MHz, DMSO-d6) § 11.18 (d, J =
47.3 Hz, 1H), 10.18 (s, 1H), 9.61 (s, 1H), 8.88 (d, J = 35.8 Hz, 1H), 8.29 — 7.94 (m, 2H), 7.76
(d, J=43.7 Hz, 3H), 7.55 — 7.43 (m, 2H), 7.16 (ddd, J = 23.5, 15.4, 7.6 Hz, 7H), 5.52 — 5.23
(m, 2H), 2.41 (s, 2H), 1.97 — 1.89 (m, 3H), 1.47 (dt, J = 15.2, 7.5 Hz, 2H), 1.31 — 1.17 (m, 2H),
0.84 (t, J = 7.3 Hz, 2H).; 3C NMR (100 MHz, DMSO-d6) § 170.13, 159.74, 159.27, 156.54,
156.36, 155.77, 155.00, 151.61, 142.08, 137.32, 135.29, 133.32, 128.92, 127.50, 125.27,
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123.62,122.97,121.40, 113.85, 110.93, 49.65, 34.88, 33.54, 25.12, 22.18, 21.23, 18.69, 16.69,
14.20.; HRMS-ESI+ calculated for C29H32Ns [M+H]+ 450.2658, found: 450.2658.

4.2.2.34 (Z2)-2-((E)-3-phenyl-1-(1-(4-(trifluoromethoxy)benzyl)-1H-indol-3-
yl)allylidene)hydrazine-1-carboximidamide (5b)

Yield 94 %, yellow solid; mp: 201-203 °C; *H NMR (400 MHz, DMSO-d6) § 10.15 (d, J =
14.2 Hz, 1H), 9.59 (s, 1H), 8.89 (s, 1H), 8.28 (d, J = 8.9 Hz, 1H), 7.83 (d, J = 14.2 Hz, 1H),
7.69 (s, 2H), 7.53 — 7.47 (m, 2H), 7.37 (d, J = 8.8 Hz, 2H), 7.32 (d, J = 8.3 Hz, 2H), 7.22 — 7.19
(m, 1H), 7.17 (dd, J = 6.1, 1.2 Hz, 1H), 7.14 (d, J = 6.9 Hz, 1H), 5.46 (d, J = 45.6 Hz, 2H), 4.71
(s, 1H), 1.96 (t, J = 4.7 Hz, 2H), 1.89 (s, 1H).; *C NMR (100 MHz, DMSO-d6) & 170.15,
159.70, 159.23, 156.50, 156.34, 155.06, 151.56, 148.70, 148.04, 137.61, 137.25, 133.30,
129.38, 125.27, 123.69, 123.14, 121.71, 121.55, 114.14, 110.83, 48.99, 25.12, 21.23, 18.67,
16.68, 15.39.; HRMS-ESI+ calculated for C2eH23F3NsO [M+H]+ 478.1855, found: 478.1856.
4.2.2.35 (2)-2-((E)-1-(1-(2,4-difluorobenzyl)-1H-indol-3-yl)-3-
phenylallylidene)hydrazine-1-carboximidamide (5c)

Yield 93 %, yellow solid; mp: 215-217 °C; *H NMR (400 MHz, DMSO-d6) & 8.83 (d, ] =23.3
Hz, 1H), 8.33 — 7.84 (m, 2H), 7.79 — 7.61 (m, 2H), 7.50 (ddd, J = 21.6, 12.0, 6.7 Hz, 2H), 7.39
—7.17 (m, 5H), 7.14 — 6.91 (m, 3H), 5.63 - 5.31 (m, 2H), 4.03 (g, J = 7.1 Hz, 1H), 2.03 - 1.85
(m, 2H), 1.17 (t, J = 7.1 Hz, 1H).; *3C NMR (100 MHz, DMSO-d6) § 170.80, 159.63, 159.18,
156.43, 156.27, 151.52, 137.27, 133.13, 131.31, 128.49, 125.19, 123.71, 123.21, 121.60,
114.24, 112.33, 112.12, 110.58, 104.62, 60.23, 25.13, 21.24, 18.60, 16.59, 14.55.; HRMS-
ESI+ calculated for CosH22F2Ns [M+H]+ 430.1843, found: 430.1845.

4.2.2.36 (2)-2-((E)-1-(1-(4-(tert-butyl)benzyl)-1H-indol-3-yl)-3-
phenylallylidene)hydrazine-1-carboximidamide (5d)

Yield 86 %, yellow solid; mp: 242244 °C; *H NMR (400 MHz, DMSO0-d6)  10.19 (s, 1H),
9.61 (s, 1H), 8.33 — 8.08 (m, 1H), 7.94 (dd, J = 24.7, 13.2 Hz, 2H), 7.73 (d, J = 10.5 Hz, 4H),
7.58 - 7.47 (m, 3H), 7.34 — 7.31 (m, 3H), 7.18 (d, J = 8.2 Hz, 1H), 7.09 (dd, J = 16.2, 7.2 Hz,
1H), 5.43 (dd, J = 51.3, 35.7 Hz, 2H), 3.24 — 2.78 (m, 1H), 1.97 (d, J = 4.5 Hz, 2H), 1.89 (s,
3H), 1.30 - 1.21 (m, 6H).; 3C NMR (100 MHz, DMSO-d6) & 170.13, 159.68, 159.27, 156.55,
156.37, 155.00, 150.36, 137.34, 135.12, 133.32, 129.11, 128.45, 127.77, 127.54, 127.31,
127.27,126.19, 125.78, 125.71, 113.88, 49.49, 34.65, 31.56, 31.53, 31.44, 25.13, 21.23, 18.70,
16.71.; HRMS-ESI+ calculated for C29H32Ns [M+H]+ 450.2658, found: 450.2657.
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4.2.2.37 (2)-2-((E)-3-phenyl-1-(1-(4-(trifluoromethyl)benzyl)-1H-indol-3-
yDallylidene)hydrazine-1-carboximidamide (5e)

Yield 89 %, brown solid; mp: 231-233 °C; 'H NMR (400 MHz, DMSO-d6) § 8.82 (d, J =28.2
Hz, 1H), 8.26 (dd, J = 32.0, 19.4 Hz, 1H), 8.09 — 7.97 (m, 1H), 7.82 (s, 2H), 7.71 (s, 2H), 7.60
(d, J =33.0 Hz, 2H), 7.48 (s, 1H), 7.40 (dd, J = 22.1, 7.2 Hz, 2H), 7.27 (s, 1H), 7.19 (s, 2H),
7.07 —7.01 (m, 1H), 6.97 — 6.86 (m, 1H), 5.61 (dd, J = 50.9, 35.0 Hz, 2H), 4.69 (s, 1H), 2.00
—1.84 (m, 2H).; *C NMR (100 MHz, DMSO-d6) § 170.15, 163.93, 163.73, 159.62, 159.16,
158.79, 156.42, 156.27, 155.12, 151.60, 137.33, 133.38, 129.14, 128.62, 128.48, 128.10,
126.04, 123.22, 121.61, 114.26, 110.78, 49.30, 25.13, 21.21, 18.60, 16.61.; HRMS-ESI+
calculated for CaeH23F3Ns [M+H]+ 462.1906, found: 462.1910.

4.2.2.38 (2)-2-((E)-1-(1-(3,5-bis(trifluoromethyl)benzyl)-1H-indol-3-yl)-3-
phenylallylidene)hydrazine-1-carboximidamide (5f)

Yield 87 %, yellow solid; mp: 226-228 °C; *H NMR (400 MHz, DMSO-d6) § 9.00 — 8.22 (m,
2H), 8.19 — 8.07 (m, 1H), 8.04 — 7.80 (m, 3H), 7.58 (dd, J = 30.6, 22.8 Hz, 3H), 7.45 — 7.37
(m, 1H), 7.31 - 7.13 (m, 4H), 6.89 (d, J = 123.6 Hz, 2H), 6.12 — 5.34 (m, 2H), 4.85 — 4.44 (m,
1H), 2.43 (s, 1H), 1.99 — 1.89 (m, 1H).; 3C NMR (100 MHz, DMSO-d6) & 159.62, 156.47,
156.42, 156.29, 155.10, 151.51, 141.60, 137.22, 133.22, 131.10, 130.77, 129.13, 128.47,
127.35, 125.26, 123.84, 123.39, 121.96, 121.78, 114.53, 110.67, 48.76, 25.12, 21.21, 18.59,
16.61, 14.54.; HRMS-ESI+ calculated for C27H22FsNs [M+H]+ 530.1782, found: 530.1788.
4.2.2.39 (2)-2-((E)-1-(1-(2,5-difluorobenzyl)-1H-indol-3-yl)-3-
phenylallylidene)hydrazine-1-carboximidamide (5g)

Yield 84 %, yellow solid; mp: 231-233 °C; *H NMR (400 MHz, DMSO-d6) § 8.35 — 7.80 (m,
3H), 7.71 — 7.48 (m, 3H), 7.26 (tdd, J = 38.3, 30.1, 17.6 Hz, 8H), 6.79 (dd, J = 66.3, 49.9 Hz,
2H), 5.54 (dd, J = 54.4, 36.6 Hz, 2H), 3.32 — 2.90 (m, 1H), 2.49 — 1.62 (m, 2H).; 13C NMR
(100 MHz, DMSO-d6) 6 158.81, 156.24, 140.85, 136.93, 133.41, 133.18, 132.91, 129.42,
129.17, 128.60, 128.40, 127.46, 125.16, 123.30, 121.67, 121.40, 119.85, 117.87, 116.90,
116.66, 116.37, 62.31, 49.05, 43.82, 16.56.; HRMS-ESI+ calculated for CasH22F2Ns [M+H]+
430.1843, found: 430.1850.

4.2.2.40 (2)-2-((E)-1-(1-(4-fluoro-2-(trifluoromethyl)benzyl)-1H-indol-3-yl)-3-
phenylallylidene)hydrazine-1-carboximidamide (5h)

Yield 81 %, yellow solid; mp: 226-228 °C; *H NMR (400 MHz, DMSO-d6) & 8.84 (d, ] =49.5
Hz, 2H), 8.39 — 7.87 (m, 1H), 7.90 — 6.30 (m, 14H), 4.96 — 3.98 (m, 2H), 1.99 — 1.84 (m, 2H).;
13C NMR (100 MHz, DMSO-d6) § 170.15, 169.90, 159.71, 159.24, 156.89, 156.51, 156.41,
156.37, 155.05, 151.36, 148.70, 137.31, 133.59, 129.41, 125.32, 123.50, 121.83, 120.53,
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120.37, 117.11, 11455, 43.44, 25.13, 21.23, 18.68, 16.69.; HRMS-ESI+ calculated for
Ca6H22F4Ns [M+H]+ 480.1811, found: 480.1814.

4.2.2.41 (Z2)-2-((E)-1-(1-(4-methylbenzyl)-1H-indol-3-yl)-3-phenylallylidene)hydrazine-1-
carboximidamide (5i)

Yield 78 %, yellow solid; mp: 231-233 °C; *H NMR (400 MHz, DMSO-d6) § 11.15 (s, 1H),
8.36 — 8.03 (m, 2H), 8.03 — 7.68 (m, 3H), 7.52 (ddd, J = 31.5, 28.4, 13.8 Hz, 3H), 7.40 — 6.74
(m, 8H), 5.52 - 5.16 (m, 2H), 2.41 (s, 2H), 2.25 (d, J = 10.3 Hz, 3H), 2.00 — 1.86 (m, 1H).; °C
NMR (100 MHz, DMSO-d6) 6 170.14, 159.63, 159.18, 156.25, 151.70, 137.31, 137.18,
135.00, 133.31, 129.71, 129.59, 129.52, 128.48, 127.73, 127.54, 125.37, 125.30, 123.60,
122.97, 121.40, 113.84, 110.96, 49.69, 21.22, 21.11, 16.59.; HRMS-ESI+ calculated for
Ca6H26Ns [M+H]+ 408.2188, found: 408.2198.

4.2.2.42 (Z)-2-((E)-1-(1-(2-cyanobenzyl)-1H-indol-3-yl)-3-phenylallylidene)hydrazine-1-
carboximidamide (5j)

Yield 91 %, yellow solid; mp: 226-228 °C; *H NMR (400 MHz, DMSO-d6) & 8.30 — 8.01 (m,
1H), 7.99 — 7.86 (m, 1H), 7.86 — 7.66 (m, 2H), 7.64 — 7.55 (m, 1H), 7.52 — 7.36 (m, 3H), 7.28
(ddd, J = 24.4, 18.8, 10.8 Hz, 3H), 7.20 — 7.14 (m, 1H), 7.13 — 7.06 (m, 1H), 6.97 (d, J = 15.2
Hz, 1H), 6.85 - 6.41 (m, 1H), 4.03 (q, J = 7.1 Hz, 1H), 3.37 (s, 2H), 2.06 — 1.87 (m, 1H), 1.29
—1.08 (m, 2H), 0.96 — 0.79 (m, 1H).; 3C NMR (100 MHz, DMSO-d6) & 170.82, 156.16,
156.11, 155.77, 152.33, 137.59, 129.95, 129.38, 129.23, 128.91, 128.78, 128.69, 128.50,
128.40, 128.28, 128.05, 125.84, 124.60, 122.76, 121.04, 114.22, 112.14, 60.23, 21.21, 16.36,
14.56.; HRMS-ESI+ calculated for C26H21Ns [M+H]+ 417.1872, found: 417.1875.

4.2.2.43 (2)-2-((E)-1-(1-([1,1'-biphenyl]-4-yImethyl)-1H-indol-3-yl)-3-
phenylallylidene)hydrazine-1-carboximidamide (5k)

Yield 93 %, yellow solid; mp: 208-210 °C; *H NMR (400 MHz, DMSO-d6) § 8.36 — 8.07 (m,
2H), 7.68 (d, J = 15.9 Hz, 2H), 7.66 — 7.57 (m, 6H), 7.52 (dd, J = 13.2, 8.2 Hz, 2H), 7.44 (dd,
J=15.2,7.9 Hz, 3H), 7.39 - 7.29 (m, 4H), 7.28 — 7.09 (m, 3H), 5.54 (d, J = 16.5 Hz, 2H), 2.43
(s, 2H), 1.98 — 1.88 (m, 1H).; 3C NMR (100 MHz, DMSO-d6) § 170.16, 159.57, 159.13,
156.20, 151.73, 140.12, 139.89, 137.38, 137.26, 133.40, 129.46, 129.37, 128.31, 128.22,
128.09, 127.94, 127.54, 127.38, 127.30, 127.08, 125.31, 123.66, 123.20, 123.09, 121.56,
121.49, 113.99, 110.97, 49.55, 21.22, 16.58.; HRMS-ESI+ calculated for Cz1H2sNs [M+H]+
470.2345, found: 470.2466.
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4.2.2.44 (Z2)-2-((E)-1-(1-(4-chlorobenzyl)-1H-indol-3-yl)-3-phenylallylidene)hydrazine-1-
carboximidamide (5I)

Yield 89 %, yellow solid; mp: 258— 260 °C; *H NMR (400 MHz, DMSO-d6) & 11.13 (s, 1H),
8.36 — 7.87 (m, 2H), 7.60 (d, J = 45.8 Hz, 4H), 7.53 — 7.47 (m, 1H), 7.40 (dt, J = 22.4, 10.2 Hz,
3H), 7.27 (d, J = 8.5 Hz, 2H), 7.23 — 6.94 (m, 3H), 5.48 (s, 2H), 2.42 (s, 3H), 2.00 — 1.89 (m,
1H).; *C NMR (100 MHz, DMSO-d6) § 170.15, 159.58, 159.14, 156.39, 156.22, 151.65,
137.25, 137.09, 133.30, 132.76, 132.60, 129.47, 129.39, 129.16, 129.06, 125.30, 123.68,
123.12, 121.54, 114.08, 110.87, 49.13, 21.22, 18.58, 16.58.; HRMS-ESI+ calculated for
CasH23CINs [M+H]+ 428.1774, found: 428.1779.

4.2.2.45 (2)-2-((E)-1-(1-(3-(benzyloxy)benzyl)-1H-indol-3-yl)-3-
phenylallylidene)hydrazine-1-carboximidamide (5m)

Yield 96 %, yellow solid; mp: 258— 260 °C; *H NMR (400 MHz, DMSO-d6) 5 11.18 — 10.95
(m, 1H), 10.12 (d, J = 9.4 Hz, 1H), 9.55 (s, 1H), 8.31 — 7.87 (m, 2H), 7.78 (d, J = 13.3 Hz, 1H),
7.64 (s, 3H), 7.59 — 7.51 (m, 2H), 7.48 (d, J = 7.9 Hz, 1H), 7.38 (s, 1H), 7.36 (s, 1H), 7.33 (d,
J=5.2Hz, 1H), 7.31 - 7.27 (m, 1H), 7.24 (d, J = 8.4 Hz, 1H), 7.20 — 7.15 (m, 1H), 7.15 — 7.07
(m, 1H), 6.92 (s, 1H), 6.80 (dd, J = 20.6, 11.7 Hz, 1H), 5.59 — 5.22 (m, 2H), 5.15 — 4.94 (m,
2H), 1.97 (d, J = 8.3 Hz, 3H), 1.90 (s, 1H).; 3C NMR (100 MHz, DMS0-d6) § 170.15, 159.60,
159.16, 158.94, 156.42, 156.23, 155.11, 151.70, 139.65, 137.30, 133.39, 130.23, 128.87,
128.46, 128.32, 128.29, 128.26, 125.25, 123.62, 123.05, 121.46, 119.87, 114.41, 113.93,
113.84, 110.93, 69.64, 49.76, 25.14, 21.22, 18.61, 16.61.; HRMS-ESI+ calculated for
Cz2H30NsO [M+H]+ 500.2450, found: 500.2480.

4.2.2.46 (2)-2-((E)-1-(1-(4-bromobenzyl)-1H-indol-3-yl)-3-phenylallylidene)hydrazine-1-
carboximidamide (5n)

Yield 76 %, yellow solid; mp: 208-210 °C; 'H NMR (400 MHz, DMSO-d6) § 11.12 (d, J =
56.3 Hz, 1H), 10.12 (s, 1H), 9.56 (s, 1H), 8.29 — 8.22 (m, 1H), 7.80 (d, J = 11.8 Hz, 1H), 7.66
(s, 2H), 7.52 (d, J = 3.7 Hz, 1H), 7.50 (s, 1H), 7.46 (d, J = 7.9 Hz, 1H), 7.20 (d, J = 8.4 Hz,
4H), 7.17 (dd, J = 4.2, 1.3 Hz, 1H), 7.13 (d, J = 6.9 Hz, 1H), 5.46 (s, 2H), 2.41 (s, 1H), 1.97 (d,
J =7.0 Hz, 2H), 1.90 (s, 1H).; 3C NMR (100 MHz, DMSO-d6) & 170.15, 159.63, 159.18,
156.45, 156.28, 155.09, 151.60, 137.52, 137.23, 133.31, 131.96, 129.73, 125.28, 123.68,
123.11, 121.53, 121.10, 114.07, 110.87, 49.18, 25.13, 21.22, 18.68, 18.64, 16.63.; HRMS-
ESI+ calculated for CosH23BrNs [M+H]+ 472.1137, found: 474.1329.
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4.2.2.47 (2)-2-((E)-1-(1-(3,5-dimethoxybenzyl)-1H-indol-3-yl)-3-
phenylallylidene)hydrazine-1-carboximidamide (50)

Yield 72 %, yellow solid; mp: 226-228 °C; *H NMR (400 MHz, DMSO-d6) § 11.24 — 11.01
(m, 1H), 8.87 (s, 1H), 8.36 — 7.98 (m, 1H), 7.81 (d, J = 6.4 Hz, 1H), 7.63 (d, J = 15.8 Hz, 3H),
7.49 (dd, J=15.0, 7.2 Hz, 1H), 7.27 — 7.10 (m, 7H), 6.59 — 6.28 (m, 2H), 5.57 — 5.16 (M, 1H),
3.87 —3.51 (m, 6H), 2.41 (d, J = 3.8 Hz, 1H), 1.97 (d, J = 7.5 Hz, 2H).; **C NMR (100 MHz,
DMSO-d6) 6 161.08, 159.63, 156.44, 156.26, 155.68, 155.09, 151.68, 140.35, 137.42, 133.44,
129.14, 128.44, 125.22, 123.61, 123.04, 121.46, 113.91, 110.95, 105.91, 105.81, 99.06, 55.65,
49.86, 25.13, 21.22, 18.63, 16.62.; HRMS-ESI+ calculated for C27H28Ns02 [M+H]+ 454.2259,
found: 454.2266.

4.2.2.48 (Z)-2-((E)-1-(1-(4-fluorobenzyl)-1H-indol-3-yl)-3-phenylallylidene) hydrazine-1-
carboximidamide (5p)

Yield 71 %, yellow solid; mp: 231-233 °C; *H NMR (400 MHz, DMSO-d6) § 11.71 — 10.95
(m, 1H), 8.83 (t, J = 20.9 Hz, 1H), 8.21 (td, J = 24.1, 7.5 Hz, 1H), 8.08 — 7.88 (m, 1H), 7.80
(dd, J =23.2, 15.7 Hz, 1H), 7.64 (dd, J = 19.8, 12.0 Hz, 2H), 7.58 — 7.46 (m, 2H), 7.41 — 7.26
(m, 3H), 7.18 (ddd, J = 17.4, 13.1, 7.2 Hz, 4H), 7.13 — 7.03 (m, 1H), 7.00 — 6.75 (m, 1H), 5.77
—5.16 (m, 2H), 2.42 (s, 1H), 2.03 — 1.85 (m, 2H).; 3C NMR (100 MHz, DMSO-d6) § 159.61,
156.41, 156.24, 155.12, 151.66, 137.23, 134.29, 133.25, 129.71, 129.62, 129.15, 128.63,
128.51, 128.46, 125.30, 123.66, 123.08, 121.50, 115.98, 115.76, 114.02, 49.10, 25.14, 18.60,
16.59.; HRMS-ESI+ calculated for C2sH23FNs [M+H]+ 412.1937, found: 412.1966.

4.2.2.49 (2)-2-((E)-1-(1-(2-fluorobenzyl)-1H-indol-3-yl)-3-phenylallylidene)hydrazine-1-
carboximidamide (5q)

Yield 73 %, yellow solid; mp: 242244 °C; *H NMR (400 MHz, DMSO-d6) & 11.27 (dd, J =
129.2, 47.1 Hz, 1H), 10.15 (d, J = 12.4 Hz, 1H), 9.56 (s, 1H), 8.88 (s, 1H), 8.17 — 7.87 (m, 1H),
7.83-7.75(m, 1H), 7.66 — 7.60 (m, 1H), 7.57 — 7.49 (m, 1H), 7.49 — 7.40 (m, 1H), 7.35 (ddd,
J=09.6,5.8, 3.3 Hz, 1H), 7.31 - 7.25 (m, 1H), 7.25 — 7.21 (m, 1H), 7.20 — 7.16 (m, 1H), 7.15
—7.11 (m, 1H), 7.11 — 6.58 (m, 2H), 5.65 — 5.36 (m, 1H), 4.29 —3.39 (m, 2H), 1.97 (d, J = 7.6
Hz, 1H), 1.89 (s, 2H).; *C NMR (100 MHz, DMSO0-d6) § 170.14, 159.64, 159.19, 156.45,
156.29, 155.08, 151.53, 137.34, 133.28, 130.39, 128.63, 128.48, 125.16, 123.69, 123.17,
121.56, 116.08, 115.87, 114.14, 110.62, 43.94, 25.13, 21.22, 18.64, 16.62.; HRMS-ESI+
calculated for C2sH23FNs [M+H]+ 412.1968, found: 412.1971.

150



RESULTS AND DISCUSSION

4.2.2.50 (2)-2-((E)-1-(1-(4-bromo-2-fluorobenzyl)-1H-indol-3-yl)-3-
phenylallylidene)hydrazine-1-carboximidamide (5r)

Yield 94 %, yellow solid; mp: 198-200 °C; *H NMR (400 MHz, DMSO-d6) & 11.11 (s, 1H),
8.36 — 7.93 (m, 2H), 7.68 (s, 2H), 7.65 — 7.56 (m, 2H), 7.54 — 7.42 (m, 2H), 7.36 (dt, J = 19.1,
9.5 Hz, 2H), 7.27 — 7.10 (m, 3H), 7.08 — 6.89 (m, 2H), 5.51 (s, 2H), 2.40 (s, 2H), 2.03 — 1.88
(m, 1H).; 3C NMR (100 MHz, DMSO0-d6) & 161.47, 159.58, 158.98, 156.22, 151.53, 137.30,
133.20, 131.34, 131.30, 128.38, 128.35, 125.18, 124.57, 124.42, 123.73, 123.26, 121.71,
121.65, 119.54, 119.29, 114.30, 110.58, 60.23, 43.63, 16.56.; HRMS-ESI+ calculated for
CasH22BrFNs [M+H]+ 492.1217, found: 492.1218.

4.2.2.51 (2)-2-((E)-1-(1-(2,5-dichlorobenzyl)-1H-indol-3-yl)-3-
phenylallylidene)hydrazine-1-carboximidamide (5s)

Yield 89 %, yellow solid; mp: 214-216 °C; *H NMR (400 MHz, DMSO-d6) & 9.06 — 8.05 (m,
2H), 8.03 — 7.75 (m, 2H), 7.66 (ddd, J = 14.5, 10.6, 6.5 Hz, 2H), 7.60 — 7.55 (m, 1H), 7.54 —
7.47 (m, 1H), 7.47 — 7.41 (m, 1H), 7.41 — 7.34 (m, 1H), 7.34 — 7.23 (m, 1H), 7.19 (ddd, J =
23.6, 10.8, 5.6 Hz, 2H), 7.10 — 6.67 (m, 2H), 5.77 — 5.28 (m, 1H), 4.87 — 4.12 (m, 1H), 3.46
(d, J = 7.3 Hz, 2H), 2.05 — 1.82 (m, 2H).; *C NMR (100 MHz, DMSO-d6) & 170.14, 159.63,
159.17, 156.43, 156.31, 155.09, 137.54, 137.38, 133.33, 132.54, 131.83, 131.03, 129.72,
128.37, 128.22, 125.17, 123.46, 121.80, 114.49, 47.44, 25.14, 21.22, 18.68, 18.63, 16.64.;
HRMS-ESI+ calculated for C25H22Cl2Ns [M+H]+ 462.1252, found: 462.1273.

4.2.2.52 (Z)-2-((E)-1-(1-(4-nitrobenzyl)-1H-indol-3-yl)-3-phenylallylidene)hydrazine-1-
carboximidamide (5t)

Yield 88 %, yellow solid; mp: 209-211 °C; *H NMR (400 MHz, DMSO-d6) § 10.11 (d, J =
23.6 Hz, 1H), 9.57 (s, 1H), 8.89 (s, 2H), 8.10 — 7.89 (m, 1H), 7.78 (d, J = 40.8 Hz, 1H), 7.66
(s, 1H), 7.52 (dd, J = 10.6, 5.3 Hz, 1H), 7.22 (s, 8H), 6.94 (d, J = 5.6 Hz, 1H), 4.02 (dd, J =
14.2, 7.1 Hz, 2H), 2.00 — 1.93 (m, 1H), 1.92 — 1.83 (m, 2H).; 3C NMR (100 MHz, DMSO-d6)
0 170.15, 159.19, 156.27, 151.68, 138.06, 137.35, 133.37, 129.12, 129.06, 127.97, 127.68,
127.49, 127.34, 125.28, 123.63, 123.03, 121.45, 113.93, 110.93, 49.87, 49.05, 25.13, 21.23,
18.62, 16.62.; HRMS-ESI+ calculated for C2sH26N702 [M+H]+ 456.2148, found: 456.2113.
4.2.2.53 (Z2)-2-((E)-1-(1-(3-bromobenzyl)-1H-indol-3-yl)-3-phenylallylidene)hydrazine-1-
carboximidamide (5u)

Yield 90 %, yellow solid; mp: 252-254 °C; *H NMR (400 MHz, DMSO0-d6) § 11.06 (d, J =
52.5 Hz, 1H), 8.33 — 8.14 (m, 1H), 8.06 — 7.84 (m, 1H), 7.84 — 7.65 (m, 2H), 7.65 — 7.52 (m,
2H), 7.52 — 7.42 (m, 3H), 7.40 — 7.27 (m, 2H), 7.26 — 7.15 (m, 3H), 7.15 - 7.08 (m, 1H), 7.07
—6.97 (m, 1H), 6.96 — 6.51 (m, 1H), 5.60 — 5.31 (m, 2H), 3.17 (s, 1H), 2.42 (s, 1H), 1.99 —
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1.89 (m, 1H).; 3C NMR (100 MHz, DMSO-d6) § 170.15, 159.59, 159.15, 156.23, 151.63,
140.87, 137.27, 133.32, 131.31, 130.89, 130.19, 126.58, 125.27, 123.71, 123.19, 122.31,
121.59, 114.16, 110.85, 49.11, 49.05, 25.14, 21.22, 18.60, 16.60.; HRMS-ESI+ calculated for
Cos5H23BrNs [M+H]+ 472.1137, found: 474.1143.

4.2.2.54 (2)-2-((E)-1-(1-(3-cyanobenzyl)-1H-indol-3-yl)-3-phenylallylidene)hydrazine-1-
carboximidamide (5v)

Yield 84 %, yellow solid; mp: 262264 °C; *H NMR (400 MHz, DMSO-d6) & 11.56 — 10.98
(m, 1H), 8.97 — 8.65 (m, 1H), 8.38 — 8.08 (m, 1H), 8.04 — 7.89 (m, 1H), 7.89 — 7.70 (m, 2H),
7.59 (dd, J = 27.8, 19.2 Hz, 2H), 7.45 (ddd, J = 26.5, 14.9, 6.5 Hz, 2H), 7.36 — 7.26 (m, 1H),
7.25-7.10 (m, 2H), 7.04 (t, J = 23.3 Hz, 2H), 6.96 — 6.45 (m, 1H), 5.53 (dd, J = 41.5, 22.0 Hz,
1H), 4.85 — 4.12 (m, 2H), 3.14 (d, J = 22.4 Hz, 1H), 2.38 (d, J = 32.5 Hz, 1H), 2.00 — 1.88 (m,
1H).; ®C NMR (100 MHz, DMSO-D6) § 167.47, 159.65, 158.82, 156.45, 156.29, 155.65,
155.08, 148.74, 146.79, 138.70, 137.32, 136.98, 133.35, 131.58, 129.43, 129.14, 128.93,
128.75, 128.45, 128.19, 128.10, 49.04, 25.13, 18.64, 16.64, 14.60.; HRMS-ESI+ calculated for
CasH23Ng [M+H]+ 419.1925, found: 419.1921.

4.2.2.55 (Z)-2-((E)-1-(1-(4-cyanobenzyl)-1H-indol-3-yl)-3-phenylallylidene)hydrazine-1-
carboximidamide (5w)

Yield 74 %, yellow solid; mp: 226-228 °C; *H NMR (400 MHz, DMSO-d6) § 8.96 — 8.22 (m,
1H), 8.21 — 7.84 (m, 2H), 7.83 — 7.60 (m, 2H), 7.59 — 7.45 (m, 2H), 7.39 (dd, J = 33.2, 6.7 Hz,
2H), 7.27 (dd, J = 19.1, 7.3 Hz, 2H), 7.20 — 7.09 (m, 2H), 6.95 (dd, J = 41.1, 35.5 Hz, 2H), 6.83
—6.24 (m, 1H), 4.90 — 3.82 (m, 1H), 3.39 (s, 2H), 3.17 (s, 1H), 2.41 (d, J = 4.6 Hz, 1H), 1.40
—0.76 (m, 1H).; *C NMR (100 MHz, DMSO0-d6) § 159.57, 156.19, 152.24, 151.67, 137.59,
137.34, 133.37, 130.06, 129.96, 129.92, 129.28, 129.10, 128.81, 128.57, 128.30, 128.08,
127.92, 127.65, 127.29, 123.67, 122.77, 121.06, 49.06, 16.50, 16.40, 14.62.; HRMS-ESI+
calculated for CosH23Ne [M+H]+ 419.1984, found: 419.1900.

4.2.2.56 (2)-2-((E)-1-(1-(4-isopropylbenzyl)-1H-indol-3-yl)-3-
phenylallylidene)hydrazine-1-carboximidamide (5x)

Yield 79 %, yellow solid; mp: 234-236 °C; *H NMR (400 MHz, DMSO0-d6) § 11.13 (d, ] =
46.7 Hz, 1H), 8.90 (s, 2H), 8.29 — 8.22 (m, 1H), 8.02 — 7.92 (m, 1H), 7.66 (dd, J = 16.4, 8.1
Hz, 2H), 7.53 - 7.47 (m, 2H), 7.41 - 7.38 (m, 1H), 7.19 (s, 2H), 7.18 (s, 3H), 7.16 (s, 1H), 7.13
(d, J = 6.9 Hz, 1H), 7.08 — 7.02 (m, 1H), 5.52 — 5.31 (m, 2H), 2.41 (s, 1H), 1.99 — 1.90 (m,
2H), 1.14 (dd, J = 10.9, 6.9 Hz, 6H).; *C NMR (100 MHz, DMSO-D6) § 159.66, 156.47,
156.28, 155.05, 151.65, 148.14, 137.34, 135.48, 133.32, 128.48, 127.79, 127.55, 126.99,
126.94, 126.87, 125.32, 125.25, 123.61, 123.00, 121.40, 113.87, 110.94, 49.60, 33.54, 25.13,
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24.28, 18.66, 16.65.; HRMS-ESI+ calculated for CogHsoNs [M+H]+ 436.2501, found:
436.2502.

4.2.2.57 (2)-2-((E)-3-(2,3-dimethoxyphenyl)-1-(1-(4-(trifluoromethoxy)benzyl)-1H-indol-
3-yl)allylidene)hydrazine-1-carboximidamide (6a)

Yield 84 %, yellow solid; mp: 228-230 °C; *H NMR (400 MHz, DMSO-d6) § 11.10 (d, J] =
57.7 Hz, 1H), 8.86 (s, 1H), 8.31 — 8.24 (m, 1H), 7.74 (d, J = 64.1 Hz, 3H), 7.52 (dd, J = 10.5,
6.7 Hz, 2H), 7.41 — 7.28 (m, 4H), 7.23 — 7.11 (m, 2H), 5.51 (d, J = 10.1 Hz, 2H), 4.71 (s, 1H),
3.42 (s, 6H), 2.41 (s, 1H), 1.98 — 1.88 (m, 2H).; 3C NMR (100 MHz, DMSO-d6) & 170.15,
159.63, 159.17, 156.43, 156.27, 155.66, 155.09, 151.60, 148.73, 148.05, 137.61, 137.27,
133.29, 129.37, 125.27, 123.70, 123.16, 121.73, 121.56, 119.19, 114.15, 110.83, 48.99, 25.13,
21.21, 18.67, 18.61, 16.61.; HRMS-ESI+ calculated for C2gH27F3NsO3 [M+H]+ 538.2066,
found: 538.2036.

4.2.2.58 (2)-2-((E)-1-(1-(3-bromobenzyl)-1H-indol-3-yl)-3-(3-
phenoxyphenyl)allylidene)hydrazine-1-carboximidamide (6b)

Yield 93 %, yellow solid; mp: 231-233 °C; *H NMR (400 MHz, DMSO-d6) § 11.10 (d, J] =
53.1 Hz, 1H), 10.20 (d, J = 45.4 Hz, 1H), 9.70 — 9.26 (m, 1H), 8.87 (s, 2H), 8.33 — 8.10 (m,
1H), 7.74 (d, J = 65.9 Hz, 4H), 7.54 — 7.38 (m, 3H), 7.35 - 7.13 (m, 4H), 7.11 — 6.92 (m, 3H),
5.50 (d, J = 7.8 Hz, 1H), 4.71 (s, 2H), 2.41 (s, 1H), 1.98 — 1.89 (m, 2H).; *C NMR (100 MHz,
DMSO-d6) 6 170.16, 159.64, 159.18, 156.44, 156.28, 155.67, 155.09, 151.60, 148.74, 146.80,
140.86, 137.25, 133.32, 131.30, 130.88, 130.18, 126.58, 125.25, 123.70, 123.18, 122.30,
121.58, 114.14, 110.84, 49.10, 25.13, 21.22, 18.68, 18.63, 16.64, 15.35.; HRMS-ESI+
calculated for C31H27BrNsO [M+H]+ 564.1399, found: 566.1330.

4.2.2.59 (Z)-2-((E)-3-(4-(tert-butyl)phenyl)-1-(1-(2,4-difluorobenzyl)-1H-indol-3-
yl)allylidene)hydrazine-1-carboximidamide (6c)

Yield 92 %, yellow solid; mp: 242-244 °C; *H NMR (400 MHz, DMSO-d6) § 11.09 (d, J =
54.1 Hz, 1H), 10.14 (s, 1H), 9.56 (s, 1H), 8.87 (s, 1H), 8.15 (s, 1H), 7.82 (s, 1H), 7.66 (s, 1H),
7.32 (d, J = 2.5 Hz, 1H), 7.30 — 7.28 (m, 1H), 7.27 — 7.25 (m, 1H), 7.24 (d, J = 1.2 Hz, 1H),
7.22 (s, 1H), 7.20 (d, J = 1.4 Hz, 1H), 7.18 — 7.17 (m, 1H), 7.14 (d, J = 7.0 Hz, 1H), 7.07 — 7.02
(m, 1H), 5.50 (s, 2H), 2.39 (s, 2H), 1.99 — 1.85 (m, 9H).; *3C NMR (100 MHz, DMSO-d6) &
170.17, 159.62, 159.17, 156.43, 156.27, 155.66, 155.11, 151.51, 148.76, 137.24, 133.15,
131.33, 125.16, 123.70, 123.20, 121.60, 121.26, 114.19, 112.37, 112.15, 110.58, 104.88,
104.62, 43.51, 25.13, 21.22, 18.68, 18.63, 16.62.; HRMS-ESI+ calculated for Ca9HsoF2Ns
[M+H]+ 486.2469, found: 486.2423.
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4.2.2.60 (2)-2-((E)-1-(1-(4-(trifluoromethyl)benzyl)-1H-indol-3-yl)-3-(4-
(trifluoromethyl)phenyl)allylidene)hydrazine-1-carboximidamide (6d)

Yield 75 %, yellow solid; mp: 228-230 °C; *H NMR (400 MHz, DMSO-d6) § 10.12 (d, J] =
24.0 Hz, 1H), 9.57 (s, 1H), 8.97 (d, J = 24.6 Hz, 1H), 8.14 (t, J = 84.0 Hz, 1H), 7.85 — 7.65 (m,
3H), 7.64 — 7.48 (m, 2H), 7.48 — 7.37 (m, 1H), 7.27 (s, 3H), 7.16 (dd, J = 17.6, 8.2 Hz, 2H),
4.01 (s, 2H), 2.06 — 1.70 (m, 4H).; *C NMR (100 MHz, DMSO0-d6) § 170.17, 159.67, 159.58,
159.23, 159.18, 156.45, 156.30, 155.67, 155.11, 151.57, 148.75, 142.91, 137.27, 133.49,
128.68, 128.11, 125.99, 125.26, 123.71, 123.21, 121.61, 114.23, 110.81, 25.13, 21.22, 18.64,
16.66.; HRMS-ESI+ calculated for C27H22 FsNs [M+H]+ 530.1742, found: 530.1745.

4.2.2.61 (2)-2-((E)-1-(1-(3,5-dimethoxybenzyl)-1H-indol-3-yl)-3-(3,4-
dimethoxyphenyl)allylidene)hydrazine-1-carboximidamide (6e)

Yield 73 %, yellow solid; mp: 216-218 °C; *H NMR (400 MHz, DMSO-d6) & 11.06 (dd, J =
42.7,13.8 Hz, 1H), 10.13 (s, 1H), 9.56 (s, 1H), 8.87 (s, 1H), 8.30 — 8.18 (m, 1H), 7.72 (s, 1H),
7.65 (s, 1H), 7.50 (dt, J = 26.1, 11.7 Hz, 2H), 7.17 (ddd, J = 14.9, 14.0, 7.0 Hz, 4H), 6.39 (s,
2H), 5.38 (s, 1H), 3.91 — 3.45 (m, 12H), 1.97 — 1.89 (m, 3H).; 13C NMR (100 MHz, DMSO-
d6) 6 170.19, 170.16, 161.07, 159.74, 159.62, 159.17, 156.43, 156.25, 155.11, 151.69, 148.76,
140.34,137.41, 133.45, 125.21, 123.61, 123.04, 121.46, 113.89, 110.95, 105.84, 105.80, 99.05,
55.65, 49.86, 25.13, 21.22, 18.63, 16.62.; HRMS-ESI+ calculated for C29H32Ns04 [M+H]+
514.2412, found: 514.24009.

4.2.2.62 (2)-2-((E)-1-(1-([1,1'-biphenyl]-4-yImethyl)-1H-indol-3-yl)-3-(4-(tert-
butyl)phenyl)allylidene)hydrazine-1-carboximidamide (6f)

Yield 91 %, yellow solid; mp: 228-230 °C; *H NMR (400 MHz, DMSO-d6) § 11.09 (d, J =
49.2 Hz, 1H), 8.86 (s, 1H), 8.36 — 7.93 (m, 3H), 7.60 (d, J = 8.0 Hz, 5H), 7.53 (d, J = 8.0 Hz,
1H), 7.43 (t, = 7.6 Hz, 3H), 7.35 (d, J = 2.5 Hz, 1H), 7.33 (d, J = 1.3 Hz, 1H), 7.32 (d, J = 3.6
Hz, 1H), 7.18 (ddd, J = 14.9, 14.0, 6.9 Hz, 3H), 5.52 (s, 2H), 4.72 (s, 1H), 3.42 (s, 9H), 2.43
(s, 1H), 1.98 — 1.90 (m, 2H).; **C NMR (100 MHz, DMSO-d6) & 170.16, 159.61, 159.44,
159.16, 156.42, 156.24, 155.65, 155.11, 151.69, 148.77, 140.11, 139.87, 137.37, 137.26,
133.40, 129.36, 128.16, 128.09, 127.93, 127.37, 127.07, 125.31, 123.67, 123.08, 121.49,
113.99, 110.97, 56.48, 49.54, 25.13, 21.22, 19.03, 18.68, 18.60, 16.62.; HRMS-ESI+
calculated for CssHssNs [M+H]+ 526.2931, found: 526.2928.

4.2.2.63 (2)-2-((E)-1-(1-(4-(tert-butyl)benzyl)-1H-indol-3-yl)-3-(3,4-
difluorophenyl)allylidene)hydrazine-1-carboximidamide (6g)

Yield 89 %, yellow solid; mp: 216-218 °C; *H NMR (400 MHz, DMSO-d6) § 11.09 (d, J] =
54.1 Hz, 1H), 10.14 (s, 1H), 9.56 (s, 1H), 8.87 (s, 1H), 8.15 (s, 1H), 7.82 (s, 1H), 7.66 (s, 1H),
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7.32 (d, J = 2.5 Hz, 1H), 7.30 — 7.28 (m, 1H), 7.27 — 7.25 (m, 1H), 7.24 (d, J = 1.2 Hz, 1H),
7.22 (s, 1H), 7.20 (d,J=1.4 Hz, 1H), 7.18 — 7.17 (m, 1H), 7.14 (d, J = 7.0 Hz, 1H), 7.07 — 7.02
(m, 1H), 5.50 (s, 2H), 2.39 (s, 2H), 1.99 — 1.85 (m, 9H).; *3C NMR (100 MHz, DMSO-d6) §
170.17, 159.62, 159.17, 156.43, 156.27, 155.66, 155.11, 151.51, 148.76, 137.24, 133.15,
131.33, 125.16, 123.70, 123.20, 121.60, 121.26, 114.19, 112.37, 112.15, 110.58, 104.88,
104.62, 43.51, 25.13, 21.22, 18.68, 18.63, 16.62.; HRMS-ESI+ calculated for Ca9H3o F2Ns
[M+H]+ 486.2408, found: 486.2411.

4.2.2.64 (Z2)-2-((E)-3-(4-(benzyloxy)phenyl)-1-(1-(4-methylbenzyl)-1H-indol-3-
yDallylidene)hydrazine-1-carboximidamide (6h)

Yield 87 %, yellow solid; mp: 224-226 °C; *H NMR (400 MHz, DMSO-d6) § 11.07 (d, J =
45.9 Hz, 1H), 10.12 (s, 1H), 9.55 (s, 1H), 8.29 — 8.19 (m, 1H), 7.65 (s, 1H), 7.55 — 7.51 (m,
2H), 7.47 (d, J = 5.4 Hz, 1H), 7.45 (s, 2H), 7.40 (t, J = 7.5 Hz, 3H), 7.34 (dd, J = 7.1, 1.5 Hz,
1H), 7.19 — 7.15 (m, 2H), 7.11 (d, J = 8.1 Hz, 2H), 6.96 (d, J = 8.6 Hz, 1H), 6.33 (s, 1H), 5.42
(d, J=13.1 Hz, 2H), 5.07 (d, J = 5.7 Hz, 2H), 2.41 (s, 1H), 2.24 (s, 1H), 1.98 — 1.95 (m, 2H),
1.90 (s, 3H).; C NMR (100 MHz, DMSO-d6) § 170.14, 159.60, 159.16, 158.52, 156.42,
156.23, 155.10, 151.70, 137.47, 137.30, 137.18, 135.00, 133.33, 130.22, 129.59, 128.89,
128.32,128.29, 127.54, 125.28, 123.60, 122.97, 121.40, 114.55, 113.82, 110.96, 69.71, 49.69,
25.13,21.22,21.12, 18.61, 16.59.; HRMS-ESI+ calculated for C33sHz2NsO [M+H]+ 514.2554,
found: 514.2559.

4.2.2.65 (2)-2-((E)-1-(1-(2,5-difluorobenzyl)-1H-indol-3-yl)-3-(4-
isopropylphenyl)allylidene)hydrazine-1-carboximidamide (6i)

Yield 89 %, yellow solid; mp: 208— 210 °C; *H NMR (400 MHz, DMSO-d6) § 11.17 (s, 1H),
10.13 (s, 1H), 9.56 (s, 1H), 8.88 (s, 1H), 8.30 — 8.17 (m, 1H), 7.81 (d, J = 9.9 Hz, 1H), 7.66 (s,
1H), 7.52 (dd, J = 9.5, 4.4 Hz, 2H), 7.34 — 7.27 (m, 2H), 7.25 — 7.23 (m, 1H), 7.21 (d, J = 1.3
Hz, 1H), 7.19 (d, J = 4.4 Hz, 1H), 7.16 (dd, J = 9.3, 2.3 Hz, 1H), 6.95 (ddd, J = 8.9, 5.6, 3.2
Hz, 1H), 5.52 (s, 2H), 4.04 — 3.92 (m, 1H), 2.40 (s, 2H), 1.98 — 1.89 (m, 6H).; *C NMR (100
MHz, DMSO-d6) 6 170.14, 159.72, 159.62, 159.18, 156.44, 156.29, 155.08, 151.50, 148.74,
137.24, 133.19, 125.14, 123.73, 123.28, 121.66, 117.77, 117.53, 116.82, 116.67, 116.38,
116.13, 114.32, 110.56, 43.76, 25.13, 21.22, 18.63, 16.62.; HRMS-ESI+ calculated for
CagH28F2Ns [M+H]+ 472.2274, found: 472.2270.

4.2.2.66 (2)-2-((E)-1-(1-(4-fluorobenzyl)-1H-indol-3-yl)-3-(4-
(trifluoromethyl)phenyl)allylidene)hydrazine-1-carboximidamide (6j)

Yield 93 %, yellow solid; mp: 217-219 °C; *H NMR (400 MHz, DMSO-d6) § 11.13 (s, 1H),
10.11 (s, 1H), 9.64 — 9.21 (m, 1H), 8.33 — 7.90 (m, 2H), 7.65 (s, 2H), 7.60 — 7.40 (m, 3H), 7.32
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(dd, J = 8.6, 5.5 Hz, 2H), 7.24 — 7.00 (m, 4H), 5.54 — 5.40 (m, 2H), 2.41 (s, 1H), 1.96 — 1.89
(m, 2H).; 3C NMR (100 MHz, DMSO0-d6) & 170.16, 163.16, 160.74, 159.60, 159.15, 156.40,
156.23, 151.66, 137.22, 134.28, 134.25, 133.24, 129.70, 129.62, 125.29, 123.65, 123.07,
121.49, 115.97, 115.75, 114.01, 110.90, 49.09, 21.21, 18.59, 16.58.; HRMS-ESI+ calculated
for CoeH22FsNs [M+H]+ 480.1811, found: 480.1762.

4.2.2.67 (2)-2-((E)-3-(2,4-difluorophenyl)-1-(1-(2-fluorobenzyl)-1H-indol-3-
yl)allylidene)hydrazine-1-carboximidamide (6k)

Yield 92 %, yellow solid; mp: 213-215 °C; *H NMR (400 MHz, DMSO-d6) § 11.15 (d, J] =
45.7 Hz, 1H), 8.94 (s, 2H), 8.29 — 8.16 (m, 1H), 7.48 (d, J = 8.1 Hz, 1H), 7.26 (d, J = 4.4 Hz,
5H), 7.20 (d, J = 6.4 Hz, 1H), 7.17 (s, 1H), 7.15-7.11 (m, 1H), 7.08 (dd, J = 11.2, 5.5 Hz, 1H),
5.53 (s, 2H), 2.40 (s, 1H), 1.97 — 1.89 (m, 3H).; 3C NMR (100 MHz, DMSO-d6) & 159.65,
156.49, 156.33, 155.05, 151.49, 137.33, 133.28, 130.39, 130.31, 129.81, 125.19, 125.15,
124.85, 124.70, 123.69, 123.16, 121.56, 116.07, 115.86, 114.13, 110.61, 43.93, 25.13, 18.68,
16.66.; HRMS-ESI+ calculated for CasH21F3Ns [M+H]+ 448.1749, found: 448.1712.

4.2.2.68 (Z)-2-((E)-1-(1-(4-bromobenzyl)-1H-indol-3-yl)-3-(4-(tert-
butyl)phenyl)allylidene)hydrazine-1-carboximidamide (6l)

Yield 73 %, yellow solid; mp: 204-206°C; *H NMR (400 MHz, DMSO-d6) § 11.16 (s, 1H),
8.86 (s, 1H), 8.28 (d, J = 7.4 Hz, 1H), 8.23 (s, 1H), 7.65 (s, 1H), 7.52 (d, J = 8.4 Hz, 3H), 7.46
(d, J = 7.6 Hz, 1H), 7.21 (s, 2H), 7.19 (s, 2H), 7.17 (dd, J = 3.9, 1.2 Hz, 1H), 7.14 (d, J = 6.9
Hz, 1H), 5.46 (s, 2H), 4.57 (d, J = 101.4 Hz, 3H), 3.33 (dd, J = 88.1, 6.9 Hz, 6H), 2.41 (s, 3H),
1.98 — 1.96 (m, 1H).; 3C NMR (100 MHz, DMSO0-d6) § 159.62, 156.43, 156.36, 156.34,
156.26, 155.09, 151.67, 151.61, 137.51, 137.47, 137.32, 137.24, 133.31, 131.97, 129.82,
129.72, 125.29, 123.74, 123.69, 123.12, 121.54, 121.11, 114.08, 110.87, 49.18, 25.14, 18.69,
18.62, 16.62.; HRMS-ESI+ calculated for C29H3:BrNs [M+H]+ 528.1763, found: 530.1689.
4.2.2.69 (2)-2-((E)-3-(4-(tert-butyl)phenyl)-1-(1-(4-fluorobenzyl)-1H-indol-3-
yl)allylidene)hydrazine-1-carboximidamide (6m)

Yield 96 %, yellow solid; mp: 182-184°C; *H NMR (400 MHz, DMSO-d6)  11.12 (d, J = 48.4
Hz, 1H), 10.15 (s, 1H), 9.57 (s, 1H), 8.91 (s, 2H), 8.28 — 8.24 (m, 1H), 7.67 (s, 2H), 7.50 (d, J
=8.1Hz, 1H), 7.35-7.33 (m, 1H), 7.31 (d, J = 5.5 Hz, 1H), 7.25 (s, 3H), 7.19 (s, 1H), 7.17 (s,
1H), 7.15 (s, 1H), 7.14 — 7.11 (m, 1H), 5.46 (s, 2H), 2.41 (s, 1H), 2.02 — 1.83 (m, 9H).; °C
NMR (100 MHz, DMSO-d6) 6 170.14, 163.15, 160.73, 159.64, 159.20, 156.47, 156.29,
155.70, 155.06, 151.60, 137.21, 134.29, 133.26, 129.71, 129.68, 129.63, 125.28, 123.65,
123.06, 121.48, 115.96, 115.75, 113.99, 110.90, 49.08, 25.13, 21.23, 18.65, 16.65.; HRMS-
ESI+ calculated for Co9Hs1FNs [M+H]+ 468.2563, found: 468.2564.
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4.2.2.70 (2)-2-((E)-1-(1-([1,1'-biphenyl]-4-ylmethyl)-1H-indol-3-yl)-3-(3,4-
dimethoxyphenyl)allylidene)hydrazine-1-carboximidamide (6n)

Yield 92 %, yellow solid; mp: 252-254°C; 'H NMR (400 MHz, DMSO-d6) & 11.14 (s, 1H),
8.85 (s, 1H), 8.36 — 8.19 (m, 2H), 7.75 — 7.69 (m, 1H), 7.61 (d, J = 8.3 Hz, 5H), 7.54 (d, J =
8.1 Hz, 1H), 7.44 (dd, J = 10.3, 4.8 Hz, 3H), 7.36 — 7.30 (m, 3H), 7.26 — 7.09 (m, 3H), 5.54 (d,
J=17.5Hz, 2H), 3.89 — 3.41 (m, 6H), 2.43 (s, 3H), 1.99 — 1.89 (m, 1H).; 3C NMR (100 MHz,
DMSO-d6) 6 170.14, 159.67, 159.60, 159.16, 156.41, 156.23, 155.10, 151.76, 151.69, 140.12,
139.88, 137.37, 137.27, 133.40, 129.44, 129.36, 128.17, 128.09, 127.93, 127.89, 127.38,
127.08, 125.31, 123.67, 123.08, 121.49, 113.99, 110.97, 49.55, 25.13, 21.22, 18.60, 16.61.;
HRMS-ESI+ calculated for CasHs2NsO2 [M+H]+ 530.2556, found: 530.2568.

4.2.2.71 (2)-2-((E)-1-(1-(4-(tert-butyl)benzyl)-1H-indol-3-yl)-3-(4-(tert-
butyl)phenyl)allylidene)hydrazine-1-carboximidamide (60)

Yield 82 %, yellow solid; mp: 218-220°C; *H NMR (400 MHz, DMSO-d6) § 11.11 (d, J=47.1
Hz, 1H), 10.14 (s, 1H), 9.56 (s, 1H), 8.92 (s, 2H), 8.24 (d, J = 10.2 Hz, 1H), 7.66 (s, 2H), 7.51
(d, J = 8.0 Hz, 1H), 7.33 (s, 1H), 7.31 (s, 1H), 7.25 (s, 3H), 7.19 (s, 1H), 7.16 (d, J = 7.6 Hz,
1H), 7.12 (d, J = 7.0 Hz, 1H), 5.42 (s, 2H), 2.41 (s, 2H), 1.98 — 1.89 (m, 9H), 1.30 — 1.15 (m,
9H).; 13C NMR (100 MHz, DMSO-d6) § 170.14, 159.70, 159.68, 159.61, 159.19, 156.46,
156.27, 155.07, 151.66, 150.37, 137.34, 135.11, 133.33, 127.31, 127.26, 127.21, 125.85,
125.79, 125.48, 125.23, 123.60, 123.00, 121.40, 113.86, 110.94, 49.49, 34.66, 31.52, 25.13,
21.22, 18.68, 18.65, 16.64.; HRMS-ESI+ calculated for Cs3HsoNs [M+H]+ 506.3284, found:
506.3284.

4.2.2.72 (2)-2-((E)-1-(1-(3-(benzyloxy)benzyl)-1H-indol-3-yl)-3-(4-
(benzyloxy)phenyl)allylidene)hydrazine-1-carboximidamide (6p)

Yield 85 %, yellow solid; mp: 240-242°C; 'H NMR (400 MHz, DMSO-d6) § 11.30 — 10.95
(m, 1H), 10.10 (d, J = 27.4 Hz, 1H), 9.51 (d, J = 49.3 Hz, 1H), 8.84 (d, J = 59.6 Hz, 2H), 8.33
—7.87 (m, 2H), 7.74 (dd, J = 32.5, 23.8 Hz, 4H), 7.53 (dd, J = 7.9, 5.7 Hz, 1H), 7.49 — 7.43 (m,
2H), 7.39 (dd, J = 10.2, 4.2 Hz, 2H), 7.36 — 7.31 (m, 2H), 7.31 — 7.22 (m, 4H), 7.21 — 7.12 (m,
2H), 7.05 (dd, J = 28.6, 8.2 Hz, 1H), 6.98 — 6.89 (m, 2H), 6.81 (d, J = 7.6 Hz, 1H), 5.54 — 5.31
(m, 1H), 5.14 — 4.99 (m, 2H), 4.66 (s, 2H), 2.41 (s, 1H), 1.98 — 1.89 (m, 2H).; 1*C NMR (100
MHz, DMSO-d6) ¢ 170.13, 159.62, 159.20, 158.93, 158.50, 156.46, 156.28, 155.06, 154.46,
151.66, 139.65, 137.47, 137.43, 137.36, 137.30, 133.38, 130.23, 128.92, 128.89, 128.86,
128.33, 128.31, 128.25, 125.25, 123.62, 123.04, 121.45, 119.87, 114.50, 114.41, 113.92,
113.83, 110.93, 69.63, 49.76, 25.13, 21.23, 18.64, 16.64.; HRMS-ESI+ calculated for
CagH36N502 [M+H]+ 606.2905, found: 606.29009.
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4.2.2.73 (2)-2-((E)-1-(1-(4-butylbenzyl)-1H-indol-3-yl)-3-(4-
(trifluoromethyl)phenyl)allylidene)hydrazine-1-carboximidamide (6q)

Yield 89 %, yellow solid; mp: 241-243°C; 'H NMR (400 MHz, DMSO-d6) & 11.14 (s, 1H),
8.86 (s, 1H), 8.33 — 8.10 (m, 2H), 7.66 (s, 4H), 7.55 — 7.42 (m, 2H), 7.19 (dd, J = 10.7, 3.8 Hz,
2H), 7.15 (s, 2H), 7.13 (d, J = 3.2 Hz, 2H), 7.11 (s, 1H), 5.41 (s, 2H), 2.41 (s, 2H), 1.99 — 1.86
(m, 2H), 1.53 — 1.39 (m, 2H), 1.30 — 1.15 (m, 2H), 0.84 (t, J = 7.3 Hz, 3H).; *3C NMR (100
MHz, DMSO-d6) ¢ 170.15, 159.62, 159.17, 156.43, 156.24, 155.10, 151.69, 142.10, 137.33,
135.27, 133.33, 128.99, 128.93, 127.59, 127.49, 125.26, 123.60, 122.99, 121.41, 113.84,
110.94, 49.65, 34.88, 33.55, 25.13, 22.18, 21.22, 18.62, 16.61, 14.20.; HRMS-ESI+ calculated
for CaoHs1FsNs [M+H]+ 518.2569, found: 518.2573.

4.2.2.74 (2)-2-((E)-3-(4-(tert-butyl)phenyl)-1-(1-(4-(trifluoromethyl)benzyl)-1H-indol-3-
yl)allylidene)hydrazine-1-carboximidamide (6r)

Yield 88 %, yellow solid; mp: 241-243°C; *H NMR (400 MHz, DMSO-d6) & 11.03 (d, J=16.9
Hz, 1H), 8.87 (d, J = 14.8 Hz, 1H), 7.79 — 7.59 (m, 3H), 7.54 — 7.46 (m, 1H), 7.33 — 7.26 (m,
2H), 7.23 — 7.17 (m, 1H), 7.16 — 7.10 (m, 2H), 7.09 — 7.04 (m, 1H), 7.00 (d, J = 8.7 Hz, 2H),
6.77 — 6.71 (m, 1H), 6.20 (ddd, J = 6.5, 5.1, 2.9 Hz, 1H), 5.66 — 5.53 (m, 2H), 3.86 — 3.40 (m,
9H), 2.22 (s, 1H), 1.94 (dd, J = 25.7, 8.1 Hz, 2H).; *C NMR (100 MHz, DMS0-d6) & 170.13,
159.60, 159.16, 156.41, 156.32, 156.16, 155.09, 153.01, 147.74, 147.65, 147.60, 139.49,
129.24,128.91, 128.86, 128.67, 128.26, 121.77,121.58, 121.48, 119.23, 116.32, 108.59, 61.31,
56.22,51.90, 25.13, 21.21, 18.60, 16.98.; HRMS-ESI+ calculated for CzoHzoFsNsNa [M+Na]+
540.2251, found: 540.2244.

4.2.2.75 (2)-2-((E)-1-(1-([1,1'-biphenyl]-4-ylmethyl)-1H-indol-3-yl)-3-(3-
phenoxyphenyl)allylidene)hydrazine-1-carboximidamide (6s)

Yield 85 %, yellow solid; mp: 241-243°C; *H NMR (400 MHz, DMSO-d6) & 8.84 (d, J = 13.7
Hz, 1H), 8.39 — 8.19 (m, 1H), 7.92 — 7.80 (m, 1H), 7.76 — 7.68 (m, 1H), 7.65 — 7.58 (m, 4H),
7.54 (d, J =79 Hz, 2H), 7.46 — 7.41 (m, 4H), 7.36 — 7.32 (m, 3H), 7.27 — 7.10 (m, 7H), 7.07 —
6.93 (m, 4H), 5.57 (dd, J = 25.4, 9.4 Hz, 2H), 2.44 (s, 1H).; 3C NMR (100 MHz, DMSO-d6)
o 159.58, 156.21, 151.71, 140.13, 140.08, 139.89, 137.38, 137.27, 136.74, 136.66, 133.40,
130.58, 129.37, 129.12, 128.93, 128.34, 128.27, 128.09, 127.98, 127.94, 127.51, 127.39,
127.10, 127.08, 125.32, 123.85, 123.67, 123.09, 122.51, 121.49, 119.06, 118.94, 118.66,
114.00, 110.97, 49.55, 16.60.; HRMS-ESI+ calculated for Ca7H32NsO [M+Na]+ 562.2607,
found: 562.2603.
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4.2.2.76 (Z2)-2-((E)-3-(4-(benzyloxy)phenyl)-1-(1-(4-butylbenzyl)-1H-indol-3-
yDallylidene)hydrazine-1-carboximidamide (6t)

Yield 89 %, yellow solid; mp: 241-243°C; 'H NMR (400 MHz, DMSO-d6) & 11.18 (s, 1H),
8.95 (s, 2H), 8.29 — 8.21 (m, 2H), 7.73 (s, 1H), 7.51 — 7.45 (m, 2H), 7.28 (s, 6H), 7.20 (d, J =
1.1 Hz, 1H), 7.19 (d, J = 0.9 Hz, 1H), 7.18 — 7.16 (m, 1H), 7.15 (s, 2H), 7.13 (s, 2H), 7.11 (d,
J=2.4Hz, 1H), 5.41 (s, 2H), 4.49 (s, 2H), 2.41 (s, 2H), 1.98 — 1.82 (m, 2H), 1.52 — 1.41 (m,
2H), 1.30 - 1.17 (m, 2H), 0.84 (t, J = 7.3 Hz, 3H).; *C NMR (100 MHz, DMSO0-d6) § 170.13,
159.69, 159.61, 159.41, 159.21, 156.34, 156.29, 151.66, 142.13, 142.09, 137.38, 137.33,
135.37, 135.28, 133.39, 133.32, 129.00, 128.92, 127.59, 127.49, 125.26, 123.67, 123.60,
123.05, 122.98, 121.44, 121.40, 113.85, 110.93, 49.65, 34.88, 33.54, 22.17, 21.22, 16.64,
14.20.; HRMS-ESI+ calculated for C3sH3sNsO [M+Na]+ 556.3076, found: 556.3029.
4.2.2.77 (2)-2-((E)-1-(1-(4-butylbenzyl)-1H-indol-3-yl)-3-(2,5-
dimethoxyphenyl)allylidene)hydrazine-1-carboximidamide (6u)

Yield 92 %, yellow solid; mp: 241-243°C; 'H NMR (400 MHz, DMSO-d6) § 11.17 (s, 1H),
8.93 (s, 2H), 8.29 — 8.20 (m, 2H), 7.69 (d, J = 14.9 Hz, 1H), 7.49 (d, J = 8.0 Hz, 1H), 7.26 (s,
5H), 7.20 (dd, J = 7.1, 1.1 Hz, 1H), 7.17 (d, J = 1.0 Hz, 1H), 7.15 (s, 1H), 7.13 (s, 1H), 7.12 —
7.10 (m, 1H), 5.41 (s, 2H), 4.39 (d, J = 87.6 Hz, 6H), 2.48 (s, 1H), 2.41 (s, 2H), 1.52 — 1.42 (m,
2H), 1.31 - 1.18 (m, 2H), 0.85 (t, J = 7.3 Hz, 3H).; 3C NMR (100 MHz, DMSO-d6) & 159.59,
156.32, 156.26, 156.22, 151.66, 142.14, 142.09, 137.41, 137.33, 135.34, 135.28, 133.39,
133.32, 129.01, 128.93, 127.57, 127.49, 125.30, 125.26, 123.61, 122.98, 121.40, 113.85,
111.01, 110.94, 49.64, 34.89, 33.55, 22.18, 16.63, 14.20.; HRMS-ESI+ calculated for
C31H39N6O2 [M+NH4]+ 527.3157, found: 527.3162.
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4.3 In-vitro Evaluation

4.3.1 Pyrrol-2-yl-phenyl allylidene hydrazine carboximidamide analogues
The AChE and BACE 1 inhibitory activities of pyrrol-2-yl-phenyl allylidene hydrazine
carboximidamides against AChE and BACE 1 were evaluated by the Ellman assay and
Fluorescence resonance energy transfer (FRET) assay, respectively using donepezil and -
Secretase Inhibitor IV as reference standards. The results are shown in Table 23-25.
Table 23 indicates the results for compounds la-lak of the first series where ring A was
substituted with electron-withdrawing and donating substituents and ring B was unsubstituted.
Overall, the results indicate that the hypothesis that the extension of our reported compound
could result in dual inhibition of AChE and BACE 1 was correct. The compounds were active
against both enzymes; however, with the introduction of AChE inhibition, the BACE 1
inhibitory potential was decreased.
It was found that strong electron-withdrawing substituents like 4-nitro or 2,4-dichloro on ring
A enhanced the AChE inhibition but decreased BACE 1 inhibitory activity. Conversely, the
substitution of electron donating groups on ring A enhanced the BACE 1 inhibitory potential
but decreased the AChE inhibitory potency of compounds. It was noticed that substituting ring
A alone with either electron donating or electron withdrawing moieties was not favorable for
BACE 1 inhibition, and compared to the earlier reported compound, the activity was decreased.
However, if phenyl is replaced with pyridine at ring A, BACE 1 inhibition is not impacted
much as it exhibited an ICs of 13.74 uM but affects AChE inhibition as the activity against
AChE was poor.
In the second series (compounds 2a-2y), ring A was not substituted, and ring B was substituted
with various electron-withdrawing and donating substituents. It was observed that as compared
to ortho, the para substitution of electron-withdrawing groups on ring B (compounds 20, 2r,
2t, and 2u) was favorable for AChE inhibition. Also, for BACE 1 inhibition, the substitution
of electron-donating substituents on ring B was favored (compounds 2a, 2d, 2i, and 2m).
Increasing the bulk at the 4-position of ring B favored AChE inhibition but compromised
BACE 1 inhibition, as seen in compounds 2q, 2x, and 2y. Overall, it can be noted that the
electron-withdrawing substitution on ring B favors AChE inhibition, and electron-donating
groups promote BACE 1 inhibition.
In the previous two series, electron withdrawing group substitution on any of the rings favored
AChE inhibition, and electron-donating substituents on ring A or B were favorable to BACE 1
inhibition. Also, the substitution of bulky groups had impacted the activity. Therefore, in the

third series, both the rings (A and B) were substituted, and in particular, the effect of bulky or
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electron-withdrawing substituents was studied. It was expected that the substitution on both
rings may potentiate the AChE inhibition. However, not much change in AChE inhibition was
observed by substituting bulky or electron-withdrawing substituents on both rings. Compound
3s with tert-butyl substituent on both the rings was the most potent AChE inhibitor of all these
compounds, showing an ICso value of 48.06 uM. However, it did affect BACE 1 inhibition,
and the 1Cso values increased, indicating that bulky or electron-withdrawing substituents on
any ring or both rings were unfavorable for BACE 1 inhibition.

Structure-Activity Relationship

Based on the compounds’ AChE and BACE 1 inhibitory activity, their structure-activity
relationship was analyzed. The potential of the compounds to inhibit AChE and BACE 1 varied
with respect to the substitutions on the rings A and B. In the case of molecular modeling studies
of AChE, ring B occupies the CAS site of AChE, while ring A is anchored to the PAS site.
This same binding pattern is mainly driven by hydrogen bonding and n-x stacking interactions,
in which the aromatic ring B of the N-benzyl interacts with the Trp86 of CAS, ring A interacts
with Trp286 of PAS, pyrrole interacts with residue Tyr337 Tyr341, Phe338 and guanidine
interacts with the catalytic amino acid residues of AChE (Ser203, Glu202 and His447). The
presence of substitution (1j and 1k) on ring A resulted in better AChE inhibition in comparison
to their unsubstituted counterparts (1a). As represented in Tables 10 and 11, this might have
provided additional binding stability to the ligand through enhanced hydrophobic interactions
with the CAS and PAS of AChE. When conducting modeling studies on BACE 1, it is observed
that ring B occupies the S1 region, ring A is anchored to the S3 site, and the guanidine group
can form H-bonding interactions with catalytic aspartate dyad that is, Asp32 and Asp228,
respectively. When ring A alone was replaced with pyridine (compounds 1h), it was observed
that compound 1h had a high docking score and strong inhibition. One possible explanation
could be attributed to the robust interactions that were observed during the docking simulation:
(i) ring B occupied S1 active site region with the pyrrole scaffold n-n stacked to Phel08; (ii)
aminoguanidinium nitrogen formed hydrogen bonding interactions with catalytic aspartate
dyad (Asp228 and Asp32). Introducing EDG and EWG on ring A alone gave less potent
molecules, probably due to weaker interactions with the enzymatic active site of BACE 1.
Placing 4-butyl and 2-CFs,4-F on ring B (2q and 20), although showed good interactions in
docking, were more favorable for balanced AChE/BACE 1 dual inhibition, which may be
attributed to strong hydrophobic interactions in S1 and S3 region of BACE 1, occupying CAS
and PAS of AChE and interacts with the catalytic amino acid residues of BACE 1 and AChE
(Asp32/Asp228 and Glu202.
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Table 23. Inhibitory potential of compounds la-1a, laa-lak (Series I) against AChE and BACE 1

HNﬁ’,NH2

HN.
N

N -
N /,

R1
)

Compound EeAChE EeAChE hBACE 1 hBACE 1
R1 R2 Mol. Wt.

Code 1Cs0 (uM) £ SD PI1Cso (nM) 1Cs0 (uM) £ SD P1Cso (nM)
la -H -H 343.43 215.30+£0.14 411 169.90 £ 1.27 4.14
1b 4-Cl -H 377.88 167.90 £ 2.40 4.37 171.30 £ 0.57 4.01
1c 4-F -H 361.17 183.25 +0.49 411 175.45+£1.91 4.23

3- 3.83 4.93

1d -H 357.46 209.85 £ 0.35 141.95+1.77

phenylacetaldehyde

3-phenyl 3.86 3.93

le ) -H 371.49 186.45 + 2.47 173.30 £ 2.26

propionaldehyde

1f 5-methoxy indole -H 412.50 241.35+0.92 4.17 164.60 £ 0.14 4.05
19 furan-2-yl -H 333.40 249.55 +1.63 4.11 147.65+1.91 4.05
1h pyridin-2-yl -H 344.42 222.60 £2.40 4.18 13.74 £ 0.77 4.82
Li 2-Cl -H 377.88 173.95 +£0.92 4.14 183.75 £ 0.92 4.01
1j 4-NO2 -H 388.43 43.25+0.41 4.21 194.30 £ 0.99 4.14
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1k 2,4-di-Cl “H 411.10 55.45 + 0.91 373 207.95 + 1.91 3.88
1l 3-benzyloxy “H 449.22 210.75 = 0.07 4.22 219.20 £ 0.71 5.03
im 2-NO; “H 388.43 179.10 £ 1.56 3.83 210.50 + 1.13 4.89
1n 3-NO; “H 388.43 163.45 + 2.76 3.67 208.90 + 1.27 491
10 biphenyl-4-yl “H 419.21 204.80 * 1.56 3.90 178.20 £ 0.57 4.89
1p 3,4-di-Cl “H 412.32 203.90 % 0.99 4.31 195.95 + 1.34 3.87
19 3F “H 361.42 182.85 + 0.49 4.08 186.90 + 2.69 478
1r 4-CN “H 368.44 211.85 % 1.20 4.33 177.90 £ 0.14 3.69
1s 3-CN H 368.44 199.80 + 1.41 3.84 144.95 + 2.33 3.69
1t 2,5-di-F “H 379.41 176.90 + 1.98 4.33 177.05 + 2.19 3.70
1u 2,4-di-F “H 379.41 1950 + 2.55 4.25 187.20 £ 2.55 3.99
v 2-F “H 361.42 172.30 £ 1.56 4.25 174.45 + 1.48 4.15
w 4-CHs “H 357.46 194.70 + 2.83 377 168.60 + 1.56 3.85
1x 4-OCHs “H 373.46 139.15 +0.35 4.36 173.05 £ 1.06 371
1y 4-CF3 “H 411.43 144.25 + 2.47 4.37 175.85 + 0.99 3.67
1z 3,4-di-F “H 379.41 172.65 + 2.47 4.26 179.10 + 0.9 4.08
laa 3-phenoxy “H 435.53 181.50 + 0.99 4.20 177.60 £ 1.56 3.84
1ab 4-tertbutyl “H 399.54 174.50 £ 0.14 4.37 161.30 £ 0.14 373
lac 3,4-di-OCHs “H 403.49 145.90 + 2.40 412 11420 + 1.70 3.75
lad 4-isopropyl “H 385.52 203.80 % 1.70 4.42 107.55  1.20 3.65
lae 3-OCHs -H 373.46 206.65 + 0.49 4.66 134.05 £ 0.21 3.70
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laf 2,6-difluoro,4-bromo -H 458.31 211.00 +0.14 4.78 154.45 +£0.92 3.70
lag 4-benzyloxy -H 449.56 223.35+0.78 3.71 162.60 £ 1.70 411
lah 4-Dimethylamino -H 386.50 213.35+1.48 3.84 151.85+0.49 3.97
lai 3-Br -H 422.23 243.65+0.78 3.78 151.35+1091 4.09
laj 4-Br -H 422.33 262.15 + 2.62 3.81 161.70£0.71 3.75
lak 2,5-di-OCH3 -H 403.49 218.70+1.70 4.25 178.25 £ 0.92 3.75
Donepezil - 0.04£0.01 7.40
[-Secretase Inhibitor 1V - 0.02+£0.01 7.70

*Results are presented as mean £ SD, n=3, eeAChE indicates AChE from electric eel, and hBACE 1 indicates human BACE 1.

Table 24. Inhibitory activities of compounds 2a-2y (Series-11) against AChE and BACE 1

HNﬁ’,NH2

HN.
N

R{
R2 @
Compound Ri1 R2 Mol. Wt. EeAChE EeAChE hBACE 1 hBACE 1
Code 1Cs0 (uM) £ SD PI1Cso (nM) 1Cs0 (uM) £ SD PI1Cso (nM)
2a -H 3,5-di-OCH3 403.49 231.00 £ 2.26 4.33 95.75 + 3.45 3.70
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2b -H 4-Cl 377.88 248.35+0.78 4.25 140.75 +0.92 3.99
2C -H 4-Br 422.33 204.55+1.48 4.25 131.10+1.13 4.15
2d -H 4-OCF3 427.43 231.60 +£1.27 3.77 86.19 + 0.38 3.85
2e -H biphenyl-4-yl 419.53 246.40 + 4.67 4.36 135.00 +0.14 3.71
2f -H 4-CF3 411.43 203.10 £3.96 4.37 139.85+1.34 3.67
29 -H 4-F 361.42 172.35+1.48 4.26 134.60 + 2.83 4.08
2h -H 2-CN 368.44 203.35+2.90 4.20 135.50 +0.28 3.84
2i -H 4-OCHF 409.44 195.80 + 0.99 4.37 15.35+0.24 3.73
2] -H 2,5-di-F 379.41 153.30 +1.98 4.12 107.45+3.04 3.75
2k -H 4-bromo,2-fluoro 440.32 183.20 + 1.27 3.54 201.75+1.48 3.63
2l -H 2,5-di-Cl 412.32 75.57 + 3.09 4.26 178.25 £ 0.92 3.49
2m -H 4-CHs 357.46 176.75 + 0.64 3.96 85.74 + 2.43 4.39
2n -H 2-F 361.42 163.35 +3.18 4.10 100.80 + 0.57 4.28
20 -H 4-F-2-CF3 429.42 57.09 +3.91 3.06 74.24 +1.80 4.19
2p -H 3,5-bis-CF3 479.43 77.56 + 0.66 3.95 139.1 +1.13 3.60
2q -H 4-butyl 399.54 55.36 +4.19 4.25 132.75 +1.20 3.28
2r -H 2,4-di-F 379.41 61.00 +1.48 4.98 133.40+1.84 4.09
2s -H 4-NO2 388.43 43.57 + 0.66 3.67 193.35 £ 0.07 4.16
2t -H 3-Br 422.33 51.14 +0.20 3.56 134.40 + 3.11 3.50
2u -H 4-CN 368.44 56.05 +1.87 4.13 112.00 £ 0.71 3.67
2V -H 3-CN 368.44 75.42 +1.03 3.97 147.80 £ 0.28 4.28
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2w -H 5-F,2-CHj3 375.45 80.13 £ 0.16 4.03 145.00 £ 0.28 3.96
2X -H 4-tertbutyl 399.54 48.52 £ 0.23 3.28 167.50 £ 0.71 4.29

2y -H 4-isopropyl 385.52 50.37 + 0.91 3.86 191.20 + 1.41 3.59

Donepezil - 0.04£0.01 7.40
[3-Secretase Inhibitor 1V - 0.02+0.01 7.70
*Results are presented as mean £+ SD, n=3, eeAChE indicates AChE from electric eel and hBACE 1 indicates human BACE 1.
Table 25. Inhibitory activities of compounds 3a-3s (Series-111) against AChE and BACE 1
HN YNHZ
HN.
I
D@
Ri
)
Compound Ri1 R2 Mol. Wt. EeAChE EeAChE hBACE 1 hBACE 1
1Cs0 (uM) £ SD PI1Cso (nM) 1Cs0 (uM) = SD P1Cso (nM)

3a 4-Cl 4-Br 456.77 123.40 £ 3.11 4.25 192.35+1.77 3.99

3b 4-F 4-Br 440.32 86.09 + 0.30 4.25 165.65+1.34 4.15

3c 4-CF3 4-Br 490.33 14950+ 141 3.77 197.00 £ 1.98 3.85

3d 4-CHs 4-Br 436.36 170.15+ 3.04 4.36 178.25+0.92 3.71

3e 4-CFs 4-putyl 467.54 57.35+1.10 4.37 204.60 + 0.42 3.67
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3f 4-tertbutyl 4-OCFs3 483.54 261.50 + 1.56 4.26 209.15+1.91 4.08
39 4-CFs 4-CF3 479.43 15440 £ 141 4.20 21245+1.91 3.84
3h 2,3-di-OCHzs 4-CHs 417.51 86.18 + 1.89 4.37 217.20 £ 0.57 3.73
3i 3,4-di-OCH3 4-F,2-CF3 489.47 57.09+0.44 4.12 74.24 +2.33 3.75
3] 2,3-di-OCH3 4-OCF3 487.48 133.95+1.34 4.42 215.40 + 3.25 3.65
3k 4-tertbutyl 2,4-di-F 435.52 221.80 +1.27 4.66 104.30£0.14 3.70
3l 3,4-di-OCHs | 3,5-di-OCHjs 463.54 57.23+247 4.78 162.20 £ 2.40 3.70
3m 3,4-di-F 4-tertbutyl 435.52 126.00 £ 0.71 3.71 13590 £0.71 411
3n 4-tertbutyl | 4-biphenyl 475.64 76.08 + 0.79 3.84 185.40 + 1.84 3.97
30 4-tertbutyl 4-CF3 505.67 71.17+£0.49 3.78 179.00 + 2.26 4.09
3p 4-isopropyl 3,6-di-F 421.50 149.55 + 1.06 3.58 187.00 £ 0.28 3.58
39 4-tertbutyl 4-Br 478.44 83.94+0.74 4.56 19340+ 2.12 4.56
3r 3,4-di-OCHs | 4-tertbutyl 459.59 69.60 £ 1.51 3.36 177.20 £ 2.83 3.27
3s 4-tertbutyl 4-tertbutyl 455.65 48.06 £ 0.52 3.86 178.25+0.92 4.39
Donepezil - 0.04 +£0.01 7.40
B-Secretase Inhibitor IV - 0.02+0.01 7.70

*Results are presented as mean £ SD, n=3, eeAChE indicates AChE from electric eel and hBACE 1 indicates human BACE 1
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4.3.2. Indol-3-yl-phenyl allylidene hydrazine carboximidamide analogues analogues
The inhibitory activities of indol-3-yl-phenyl allylidene hydrazine carboximidamide hybrids
4a-4z, 4aa-4af, 5a-5x, and 6a-6u against AChE and BACE 1 were evaluated by the Ellman
technique and Fluorescence resonance energy transfer (FRET) assay, respectively using
donepezil and B-Secretase Inhibitor 1V as reference standards. The results are shown in Tables
26-28.

Table 26 indicates the results for compounds 4a-4af of the first series where ring A was
substituted with electron-withdrawing and donating substituents and ring B was unsubstituted.
Overall, the results validate the hypothesis that the extension of our reported compound could
result in pronounced dual inhibition of AChE and BACE 1. The compounds were active against
both enzymes; however, with the introduction of AChE inhibition, the BACE 1 inhibitory
potential was decreased. It was found that electron-donating substituents like 4-tertbutyl (4c)
and 2-methyl (4af) on ring A showed good AChE inhibition but decreased BACE 1 inhibitory
activity. Conversely, the substitution of electron-withdrawing groups on ring A retained the
BACE 1 inhibitory potential but affected the AChE inhibitory potency of compounds. It was
also observed that the bulky substituent on ring A reduces the AChE inhibitory potential.
Compound 4o, which had p-cyano, showed good AChE and BACE 1 inhibition activities and
can be called the most active of the series.

In the second series (compounds 5a-5x), ring B was substituted with various electron-
withdrawing and donating substituents while keeping ring A unsubstituted. It was observed
that compared to ortho, the para substitution of electron-withdrawing groups on ring B was
favorable for AChE inhibition. Compound 5f showed comparable AChE and BACE 1
inhibition. Overall, it can be noted that the electron-withdrawing substitution on ring B favors
AChE inhibition. However, in general, substitution on ring B reduces BACE 1 inhibitory
potential, as shown in Table 27.

In the previous two series, electron withdrawing group substitution on any of the rings favored
AChE inhibition, and substitution on ring B was unfavorable for BACE 1 inhibition. Also, the
substitution of bulky groups had impacted the activity. Therefore, in the third series (Table
28), both the rings (A and B) were substituted, and in particular, the effect of bulky or electron-
withdrawing substituents was studied. It was expected that the substitution on both rings may
potentiate the AChE inhibition and would also balance out the BACE 1 inhibition. However,
substituting bulky or electron-withdrawing substituents on both rings significantly improved
AChE inhibition but compromised BACE 1 inhibition. This can be observed with compound
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6r, which had a bulky substituent on both rings and was the most potent AChE inhibitor of all
compounds (ICso = 13.38 uM).

Structure-Activity Relationship

Their structure-activity relationship was analyzed based on the compounds' AChE and BACE
1 inhibitory activity. The potential of the compounds to inhibit AChE and BACE 1 varied with
respect to the substitutions on the rings A and B, respectively. In the case of molecular
modeling studies of AChE, ring A occupies the CAS site of AChE, while ring B is anchored
to the PAS site. This binding pattern is mainly driven by hydrogen bonding and n-n stacking
interactions, in which the aromatic ring B of the N-benzyl interacts with the Trp86 of PAS, ring
A interacts with Trp286 of CAS, pyrrole interacts with residue Tyr337 Tyr341, Phe338 and
guanidine interacts with the catalytic amino acid residues of AChE (Ser203, Glu202 and
His447). Also, for BACE 1, it is observed that ring A occupies the S1 region, ring B is anchored
to the S3 site, and the guanidine group can form H-bonding interactions with catalytic aspartate
dyad Asp32 and Asp228, respectively. When ring A alone was substituted with the p-cyano
group (compound 40), it was observed that compound 40 had a high docking score and
maintained the BACE 1 inhibition as the parent compound [24] while also having AChE
inhibition. One possible explanation could be attributed to the robust interactions that were
observed during the docking simulation: (i) ring B occupied the S3 active site region with the
indole scaffold n-n stacked to Tyr71 and Trp76; (ii) amino-guanidinium nitrogen formed
hydrogen bonding interactions with catalytic aspartate dyad (Asp228 and Asp32).

169



RESULTS AND DISCUSSION

Table 26. Inhibitory activities of compounds 4a-4z, 4aa-4af (Series-1V) against AChE and BACE 1

HNﬁ’,NHZ

.NH
N

Compound EeAChE EeAChE hBACE 1 hBACE 1

Code R Re | Mol-Wt ICso (uM)£SD | PICso (uM) | ICso (uM)£SD |  PICso (uM)
4a 3,4-di-F -H 429.47 77.24 224 4.11 72.11+0.01 4.14
4b 3-Phenoxy -H 485.59 77.21+3.04 4.37 178.25 + 0.92 4.01
4c 4-tertbutyl -H 449.60 42.95 + 0.48 4.11 97.36 + 1.36 4.23
4d 3,4-di-OCHs -H 453.55 77.08 + 1.54 3.83 59.51 +0.21 4.93
4e 4-isopropyl -H 43558 146.25 + 3.18 3.86 11.73+0.15 3.93
4f 3-OCHs -H 42352 137.80 + 0.14 4.17 117.00 + 0.57 4.05
4g 3-F -H 411.48 67.01 + 1.95 4.11 88.59 + 0.32 4.05
4h 4-Benzyloxy -H 499.62 82.04 +0.79 4.18 179.45 + 1.91 4.82
4 4-dimethylamino | -H 436.56 78.24 +2.28 4.14 89.02 + 2.29 4.01
4 3-Br -H 472.39 66.27 + 1.70 421 15.10 +0.74 4.14
4K 4-Br -H 472.39 73.11 +2.07 3.73 97.83 +0.31 3.88
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4 2,5-di-OCH3 -H 453.55 60.96 + 2.29 4.22 72.24+1.76 5.03
4m 4-CHs -H 407.52 185.50 + 2.69 3.83 132.00 + 0.28 4.89
4n 3-NO2 -H 438.49 57.11+2.20 3.67 187.15 + 1.06 491
40 4-CN -H 418.50 60.90 + 2.53 3.90 9.38 +£0.50 4.89
4p 2-F -H 411.48 137.25+0.49 431 207.20+1.41 3.87
4q 2,4-di-F -H 429.47 147.60 + 3.11 4.08 12.81 +0.50 4.78
4r -H -H 393.49 146.15 + 0.07 4.33 202.75 + 2.05 3.69
4s 4-OCHjs -H 423.52 239.05+2.76 3.84 213.60 £1.98 3.69
4t 2-NO2 -H 438.49 216.25+3.61 4.33 12.35 +0.60 3.70
4u 4-CF3 -H 461.49 175.45+4.31 4.25 221.05+1.20 3.99
4v 2-Br,5-Cl -H 506.83 159.45 + 2.76 4.25 178.25 + 0.92 4.15
4w 3-Benzyloxy -H 499.62 126.60 + 0.99 3.77 12.79 +0.42 3.85
4x 4-NO2 -H 438.49 80.26 = 2.93 4.36 225.90 + 0.99 3.71
4y 3-CN -H 418.50 76.52 +1.29 3.58 210.20 £1.27 3.68
4z 2,5-di-F -H 429.47 81.30+4.24 4.28 227.80 +1.41 4.29
4aa 2,3-di-OCH3 -H 453.55 48.57 + 151 3.31 134.25 +1.40 4.39
4ab 2,4-di-Cl -H 462.38 159.00 + 1.84 3.38 179.75+1.34 3.48
4ac 4-Cl -H 427.94 82.64 +1.92 3.06 16.40 +0.39 3.02
4ad 3,4-di-Cl -H 462.38 79.24 +0.41 4.26 202.70 + 2.40 3.29
4ae 4-F -H 411.48 149.05 +1.20 4.89 174.60 + 2.12 4.28
4af 2-CHjs -H 407.52 46.78 +£1.83 3.58 206.35+3.75 3.45

171



RESULTS AND DISCUSSION

Donepezil

0.04 £0.01

7.40

[3-Secretase Inhibitor 1V

0.02+0.01

7.70

*Results are presented as mean = SD, n=3, eeAChE indicates AChE from electric eel and hBACE 1 indicates human BACE 1.

Table 27. Inhibitory activities of compounds 5a-5x (Series-V) against AChE and BACE 1

HN?,NHZ

.NH
N

Compound | R: R2 Mol. Wt. EeAChE EeAChE hBACE 1 hBACE 1
Code I1Cso (uM) £ SD PI1Cso (nM) ICso (uM) £ SD P1Cso (nM)
5a -H 4-butyl 449.60 51.31+0.71 3.69 21045+ 2.76 3.60
5b -H 4-OCF3 477.49 79.28 £ 0.57 4.58 191.20 £ 1.56 3.69
5c -H 2,4-di-F 429.47 46.40 £ 1.63 4.23 200.10 £ 1.98 4.53
5d -H 4-tertbutyl 449.60 79.64 £ 0.26 3.39 19295+ 1.34 3.32
Se -H 4-CFs 461.49 55.99+2.44 3.68 102.05 £ 1.06 3.85
5f -H 3,5-bis-CF3 529.49 56.58 + 0.98 4.37 70.04 £0.87 3.59
59 -H 2,5-di-F 429.47 59.60 £ 1.03 4.26 178.25 £ 0.92 4.28
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5h -H 4-F-2-CF3 479.48 168.55+1.91 4.20 140.85 + 1.06 3.84
5i -H 4-CHs 407.52 47.85+2.23 4.37 203.70 £ 2.26 3.73
5] -H 2-CN 418.50 44.02 £0.19 4.12 196.70+ 2.4 3.75
5k -H 4- 469.59 50.53+£0.71 3.54 21140+ 1.13 3.63
bromomethylbiphenyl
51 -H 4-Cl 427.94 42.78 £ 2.79 4.26 213.00 £ 2.26 3.49
5m -H 3-benzyloxy 499.62 155.40 + 2.26 3.96 192.05 £ 0.07 4.39
on -H 4-Br 472.39 163.85+1.34 4.10 217.30 £ 0.99 4.28
50 -H 3,5-di-OCH3 453.55 55.57£0.72 3.06 83.43+1.90 4.19
5p -H 4-F 411.48 40.54 +£1.00 3.95 204.80 + 2.83 3.60
5q -H 2-F 411.48 62.86 £ 0.62 4.25 143.25+0.21 3.28
or -H 4-Br-2-F 490.38 42.63 £ 1.58 4.98 185.95 £ 0.07 4.09
5s -H 2,5-di-Cl 462.38 57.73+£0.83 3.67 223.40+0.85 4.16
5t -H 4-NO2 438.49 77.48 £2.91 3.56 204.85+0.49 3.50
Su -H 3-Br 472.39 72.91 £ 3.67 4.13 193.60 £ 3.25 3.67
5v -H 3-CN 418.50 75.91+0.32 3.97 178.25+0.92 4.28
5w -H 4-CN 418.50 77.38 +£1.89 4.03 200.75+0.35 3.96
5X -H 4-isopropyl 435,58 45.23 +3.37 3.28 205.65 + 1.91 4.29
Donepezil - 0.04 £0.01 7.40
[-Secretase Inhibitor 1V - 0.02+0.01 7.70

*Results are presented as mean = SD, n=3, eeAChE indicates AChE from electric eel, and hBACE 1 indicates human BACE 1.
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Table 28. Inhibitory activities of compounds 6a-6u (Series-VI) on AChE and BACE 1

HN?,NHZ

.NH
N

R
A%
Compound EeAChE EeAChE hBACE 1 hBACE 1
Code R R Mol. Wt ICso (M) =SD | PICso (uM) | ICso (uM)£SD |  PICso (uM)
6a 2,3-di-OCH3 4-OCF3 537.54 56.89 + 3.63 3.84 209.20 £ 2.12 3.69
6b 3-Phenoxy 3-Br 564.49 63.11+1.12 4.33 178.85+0.78 3.70
6c 4-tertbutyl 2,4-di-F 485.58 143.75 £ 4.03 4.25 204.45+0.78 3.99
6d 4-CFs3 4-CFs3 529.49 38.41 + 3.46 4.25 222.35+0.49 4.15
6e 3,4-di-OCH3 3,5-di-OCH3 513.60 21.99 +0.65 3.77 197.55+3.18 3.85
6f 4-tertbutyl 4- 525.70 16.58 £ 1.04 4.36 200.90 + 3.82 3.71
bromomethylbiphenyl
69 3,4-di-F 4-tertbutyl 485.58 195.90 + 1.70 4.37 76.87 +2.38 3.67
6h 4-benzyloxy 4-CH3 513.65 144,15 £ 1.77 4.26 107.10 £ 2.55 4.08
6i 4-isopropyl 2,5-di-F 471.56 166.60 £ 2.12 4.20 82.15+2.74 3.84
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6j 4-CF3 4-F 479.48 196.25 + 2.62 4.37 191.40 + 0.42 3.73
6k 2,4-di-F 2-F 447.47 57.52+0.71 412 203.80+1.70 3.75
6l 4-tertbutyl 4-Br 528.50 212.95+2.90 4.42 189.65 + 0.92 3.65
6m 4-tertbutyl 4-F 467.59 155.75 + 2.62 4.66 178.25+0.92 3.70
6n 3,4-di-OCH3 4- 529.64 83.89 £ 2.49 4.78 203.65 + 0.92 3.70
bromomethylbiphenyl
60 4-tertbutyl 4-tertbutyl 505.71 67.94 + 2.60 3.71 213.40 £ 2.26 4.11
6p 4-benzyloxy 3-benzyloxy 605.74 55.66 = 3.17 3.84 179.15+0.78 3.97
6q 4-tertbutyl 4-CFs3 517.60 26.99 £0.13 3.78 189.05+1.91 4.09
6r 4-CF3 4-butyl 517.60 13.38 £ 0.49 3.81 182.40 + 1.41 3.75
6s 3-Phenoxy 4- 561.69 207.10 £ 7.64 4.25 139.40 £1.98 3.75
bromomethylbiphenyl
6t 4-benzyloxy 4-butyl 555.73 126.85 + 3.04 3.84 199.95+1.91 3.69
6u 2,3-di-OCH3 4-butyl 509.65 146.35 + 2.33 4.33 165.20 + 0.85 3.70
Donepezil - 0.04 +£0.01 7.40
B-Secretase Inhibitor IV - 0.02+0.01 7.70

*Results are presented as mean = SD, n=3, eeAChE indicates AChE from electric eel, and hBACE 1 indicates human BACE 1.
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4.4 Molecular dynamics simulations

44.1. The potent analogue from Pyrrol-2-yl-phenyl allylidene hydrazine
carboximidamide series

The stability of the binding of 31 with AChE and BACE 1 complex was analyzed through the
molecular dynamics simulation study, utilizing the Desmond software developed by DE Shaw
Research. The stability of the docked complex was assessed in the context of a flexible protein
environment while considering the behavior of virtual water molecules in the vicinity. The
docked complexes' root mean square deviations (RMSD) were calculated and compared to the
reference protein backbone structures, with the values falling within a certain range. Analysis
of the simulation trajectories revealed that the root mean square fluctuations (RMSF) values
for the compound 3l in the AChE/BACE 1 complex remained relatively stable, indicating
consistent trajectories for both the ligand and protein residues. VVarious methods were employed
to thoroughly analyze the protein-ligand interaction, including histograms, graphical
representations, and time-line visualizations. The proportion of protein residues that interacted
with compound 3l was determined by examining the contacts between the protein and ligand.
The findings of AChE molecular dynamics studies showed that compound 3l interacted
considerably with PAS, and CAS residues of AChE formed hydrogen bonding interactions
with compound 3I. Trp286, a CAS residue, interacted with the ring A and pyrrole scaffold of
compound 3l with Phe297 and Trp86 by n-r stacking and charged interaction. The amino-
guanidinium nitrogen atom of compound 3l displayed hydrogen bonding with the catalytic site
His447, Tyr124, Glu202, and Ser203 residues, respectively. Also, the Tyr72, Trp286, Tyr337,
Phe338, and Tyr341 residue formed the same interaction as that of Trp86 residue with
compound 3l in the PAS region.

The BACE 1 molecular dynamics simulation results showed that Compound 3l established
strong interactions with aspartate dyad residues (Asp32 and Asp228) with the least fluctuations.
The amino-guanidinium functionality involved in H-bonding interaction with Asp32 accounted
for throughout the trajectories. Asp228, one of the catalytic aspartate dyad residues, interacted
with the N-atom of the amino-guanidinium core of compound 3l through the salt bridge. The
MD findings suggested that compound 3l showed more stable and balanced interaction in
AChE and BACE 1 active sites.
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Figure 21. Molecular dynamics studies of 3I-AChE (4EY7) docked complex. [A] Comparative
RMSD of AChE (protein backbone) and compound 3l in the protein-ligand complex
throughout the simulation period of 100 ns. [B] Graphical representation showing protein
RMSF throughout the simulation period of 100 ns. [C] Histogram showing interaction fractions
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with active amino acid residues. [D and E] Timeline representation showing interaction with

all the amino acid residues at each time frame.
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Figure 22. Molecular dynamics studies of 3I-BACE 1 (6UWP) docked complex [A]
Comparative RMSD of BACE 1 (protein backbone) and compound 3l in the protein-ligand
complex throughout the simulation period of 100 ns. [B] Graphical representation showing
protein RMSF throughout the simulation period of 100 ns. [C] Histogram showing interaction
fractions with active amino acid residues; [D, E] Timeline representation showing interaction

with all the amino acid residues at each time frame.

4.4.2. The potent analogue from Indol-3-yl-phenyl allylidene hydrazine carboximidamide
series

A molecular dynamics simulation study was conducted to analyze the binding stability between
the compound 40-AChE/BACE 1 complex. The results showed that the RMSF values remained
relatively stable, indicating consistent trajectories for both the ligand and protein residues. It
was observed that compound 40 exhibited significant interactions with PAS/CAS residues of
AChE. Tyr341, a CAS residue, played a role in interacting with the indole scaffold of
compound 4o through n-w stacking (51% of the time) and charged interactions. Furthermore,
Tyrl124 and Trp286 residue in the PAS region exhibited a similar interaction to Trp341 residue,
with a time scale of 22% and 32%, respectively. The aminoguanidinium nitrogen atom of
compound 4o formed hydrogen bonds with Tyr124 residue, with respective time scales of 28%.
Tyr72 formed a m-cation interaction with —NH functionality of 40 (40%-time scale).

The molecular dynamics simulation with BACE 1 revealed that Compound 40 established
strong and consistent interactions with the residues, namely Tyr71, Tyr198, and Arg235. The
aminoguanidinium functionality of Compound 40 formed halogen bonding interaction with

chlorine atom, accounting for 11% of the interactions observed throughout the simulation
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trajectories. Tyr198 formed a n-7 stacked interaction with ring B and indole nucleus of 40 with

a time scale of 15% and 7%. Tyr71 residue engaged in a n-n stacked interaction with the ring

A core of Compound 4o, representing 15% of the time scale. Furthermore, Arg235 residue

exhibited a 7 cation interaction with ring A core of 40, with a time scale of 5%. Overall, the

molecular dynamics simulation results indicated that Compound 40 exhibited stable and well-

balanced interactions within the active sites of both AChE and BACE 1.
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Figure 23. Molecular dynamics studies of compound 40-AChE (4EY7) docked complex. [A]
Comparative RMSD of AChE (protein backbone) and compound 40 in the protein-ligand
complex throughout the simulation period of 100 ns. [B] Graphical representation showing
interactions with active site amino acid residues of PAS and CAS; [C] Histogram showing
interaction fractions with active amino acid residues; [D and E] Timeline representation
showing interaction with all the amino acid residues at each time frame
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Figure 24. Molecular dynamics studies of compound 40-BACE 1 (6UWP) docked complex.
[A] Comparative RMSD of BACE 1 (protein backbone) and compound 4o in the protein-ligand
complex throughout the simulation period of 100 ns. [B] Graphical representation showing
interactions with active site amino acid residues (Aspartate dyad); [C] Histogram showing
interaction fractions with active amino acid residues; [D, E] Timeline representation showing

interaction with all the amino acid residues at each time frame.

From the molecular docking and dynamics studies, it was observed that the substitution of ring
A does not affect binding with the BACE 1 active site but also makes the compound fit in the
active site of AChE. However, when the ring B is substituted, the substitution pushes the
compound out of the binding pocket of BACE 1, and hence, it does not show good BACE
binding.
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SUMMARY AND CONCLUSION

Alzheimer's disease (AD) is a progressive neurodegenerative disorder that causes cognitive
decline and memory loss. AD is the most common cause of dementia that slowly degrades
thinking and social interactions as there is degradation of brain cells. Despite significant
research, AD's underlying causes and precise molecular processes remain unclear. A key
characteristic and pathological feature of Alzheimer's disease (AD) is the presence of senile
plaques, primarily composed of the cytotoxic amyloid-p peptide (AB-42). The production and
deposition of AB-42 are central events in the pathogenesis of AD. The amyloid-f peptide (Ap-
42) is generated by sequential actions involving the amyloid precursor protein (APP), where
the B-secretase (BACE 1) cleaves at the B-site, followed by the y-secretase cleaving at the y-
site of APP. BACEL is a key target for therapies aiming to reduce amyloid plaque production
or enhance clearance to slow AD progression. AChE is one of the most explored targets for the
development of effective drug candidates for the treatment of AD. Available treatment
primarily relies on acetylcholinesterase inhibitors (AChEIs) to restore acetylcholine levels and
influence AP peptide aggregation, potentially alleviating AD symptoms.

Due to the complex nature of AD and the numerous factors contributing to its progression,
focusing on a singular causative aspect is unlikely to result in a comprehensive cure or
effectively impede the advancement of the disease. Hence, efforts are directed toward dual or
multiple target inhibitors.

Based on previous work and work by the collaborator, modification of allylidene hydrazine
carboximidamide was undertaken. It involved the replacement of one of the two aromatic rings
separated by a linker by a nitrogen-containing hetero-aromatic ring system (pyrrole and indole).
Thus, such designed analogues, with pharmacophoric features required for dual targeting, were
expected to show potent inhibition of AChE and BACE 1. The aim was, therefore, to design,
synthesize, and evaluate small molecular BACE 1 and AChE dual inhibitors.

Among the various crystal structures available for BACE 1 and AchE, 6UWP (PDB id for
BACE 1) and 4EY7 (PDB id for AChE) were chosen. The protocol was validated and used
further for docking of designed compounds. In silico ADMET prediction using QikProp
(Schrodinger) was also performed. Pyrrol-2-yl-phenyl allylidene hydrazine carboximidamide
derivatives were conceived in the first set of compounds. Docking studies revealed that these
compounds generally occupy S1 active site region and formed hydrogen bonding interactions
with Asp32 along with the occupancy of CAS and PAS region in AChE. Further, the series
complied well with Lipinski's rule of five and did not display toxicity in in silico prediction.

Consequently, a set of 81 compounds, incorporating both electron-withdrawing (EWG) and
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electron-donating (EDG) groups, were synthesized. All target compounds showed weak to
good inhibitory activity against AChE and BACE 1.

Strong electron-withdrawing substituents, such as 4-nitro or 2,4-dichloro, on ring A, were
found to enhance inhibition of AChE but decrease inhibitory activity against BACE 1.
Conversely, introducing electron-donating groups on ring A improved the potential for
inhibiting BACE 1 while reducing the potency of AChE inhibition. It was observed that
substituting ring A alone with either electron-donating or electron-withdrawing moieties was
not favorable for BACE 1 inhibition compared to previously reported compounds, resulting in
decreased activity. However, replacing the phenyl group at ring A with pyridine did not
significantly impact BACE 1 inhibition but adversely affected AChE inhibition, showing poor
activity against AChE. Increasing the bulk at the 4-position of ring B was advantageous for
ACNhE inhibition but hindered BACE 1 inhibition, as evidenced by compounds 2q, 2x, and 2y.
Generally, electron-withdrawing substitutions on ring B supported AChE inhibition, whereas
electron-donating groups encouraged BACE 1 inhibition. It was anticipated that substituting
both rings would enhance AChE inhibition. However, there was minimal change in AChE
inhibition when bulky or electron-withdrawing substituents were introduced on both rings.
Compound 3s, featuring tert-butyl substituents on both rings, emerged as the most potent AChE
inhibitor among these compounds, with an ICso value of 48.06 uM. However, it adversely
affected BACE 1 inhibition, as indicated by increased ICso values, suggesting that bulky or
electron-withdrawing substituents on either ring or both rings were not conducive to BACE 1
inhibition.

The docking and inhibition data from this series facilitated the conclusion that the N-containing
heterocyclic ring (Pyrrole) acts as a compact linker, efficiently preventing the flipping of
substituent rings. Therefore, the effect of bicyclic nitrogen heterocycle was also checked. N-
benzyl indole was considered to replace the pyrrole ring, and a library of 77 indol-3-yl-phenyl
allylidene hydrazine carboximidamide derivatives was designed, incorporating both electron-
withdrawing (EWG) and electron-donating (EDG) groups. These groups were fully explored
at each aromatic position, including a combination of ortho, meta, and para orientations. All
the compounds displayed higher docking scores, revealing strong hydrogen bonding
interactions with catalytic aspartate dyad and the aromatic rings properly accommodated in S1
and S3 of BACE 1 and AChE (CAS and PAS) substrate binding clefts. Also, these compounds
obeyed Lipinski's rule of oral bioavailability and had better drug scores than the previous series,

indicating no sign of toxicity, better solubility, and drug likeliness.
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While the compounds demonstrated activity against both enzymes, an increase in AChE
inhibition corresponded to a decrease in BACE 1 inhibitory potential. Electron-donating
substituents like 4-tert-butyl (4c) and 2-methyl (4af) on ring A exhibited strong AChE
inhibition but reduced BACE 1 inhibitory activity. Conversely, introducing electron-
withdrawing groups on ring A maintained BACE 1 inhibitory potential but impacted the
potency of AChE inhibition. Additionally, bulky substituents on ring A were found to diminish
AChE inhibitory potential. Compound 4o, featuring p-cyano, demonstrated notable AChE and
BACE 1 inhibition activities, making it the most active compound in the series. It had BACE
1 inhibition (ICso value of 9.38uM). For AChE, it showed ICso value of 60uM. However,
substituting bulky or electron-withdrawing substituents on both rings significantly improved
AChE inhibition but compromised BACE 1 inhibition. This can be observed with compound
6r, which had a bulky substituent on both rings and was the most potent AChE inhibitor of all
compounds (ICso = 13.38 uM). Overall, the findings support the hypothesis that extending our
previously reported compound could lead to significant dual inhibition of AChE and BACE 1.

In summary, the distinct contributions of this study can be outlined as follows:

A. This study supports the hypothesis that the modification of our previously reported BACE
1 inhibitor could lead to significant dual inhibition of AChE and BACE 1.

B. The increased ICso value against BACE 1 indicates that bulkier substituents on both rings
were unfavorable for BACE 1 inhibition

C. The substitution of ring A does not affect binding with the BACE 1 active site but also
makes the compound fit in the active site of AChE. However, when the ring B is substituted,
the substitution pushes the compound out of the binding pocket of BACE 1, and hence, it does
not show good BACE binding.

D. This research may serve as a foundation for further development of smaller, low molecular
weight dual inhibitors having the capability to inhibit both BACE 1 and AChE enzymes.

E. Compound 4o is a promising starting point for comprehensive modifications aimed at hit-

to-lead conversion.
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Future Perspectives

The primary focus of this study was on designing a new series of allylidene hydrazine
carboximidamides having dual - acetyl cholinesterase and B-secretase- inhibition. Building
upon this research, future studies may be devised as follows:

A. In vivo studies in animal models could be undertaken to establish the efficacy and toxicity
of these compounds.

B. Examinations of specificity against alternative aspartyl proteases and cholinesterases could
be carried out.

C. Modifications to the active structures can be done to enhance potency and mitigate potential
shortcomings.

D. Based on the results, QSAR models can be developed to predict the dual activity of

subsequent analogues.
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