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Abstract
Antibodies are Y-shaped proteins that are secreted by B-cells that makes up part of
the defence mechanism in the adaptive immune system. Upon infection via
invading bacteria and viruses, specific antibodies are produced to target the
pathogens. An antibody pathogen complex is formed and this complex interacts
with its antibody receptor to be phagocytised or opsonized and is then removed
from the body.
IgG is one of five classes of antibodies and is the most abundant antibody found in
circulation that represents over 75% of serum antibodies in the body. The IgG
antibody complex can interact with cells expressing its antibody receptor inducing
activation, amplification and release of pro-inflammatory cytokines that is
detrimental to the body when unintended.
IgG has nine receptors of which the low affinity activating receptor FcγRIIa is
implicated in many autoimmune and infectious diseases.
Previously within our group, based on molecular modelling of the IgG-FcγRIIa
interaction, we targeted a set of residues important for the interaction via virtual
high throughput screening. This yielded a set of compounds that were tested to
block this interaction where the three most promising compounds were used to
deduce its pharmacophore.
Based on the pharmacophore, we developed 45 compounds completing a matrix of
quantitative structure activity relationship on 3 generations of novel compounds.
Multicomponent reactions developed within RCSI incorporating various electronic
effects, sp2 bonds modifications, multiple aromatic ring substitutions and new core
molecules were synthesized and tested for activity against FcγRIIa.
These series exhibit a wide range of properties that inhibit direct binding of IgG to
FcγRIIa via a high throughput in vitro screening assay developed by our group while
also inhibiting activation of FcγRIIa through functional in vitro tests. From the QSAR
library generated, 3 inherent functionalities are required for optimum bioactivity. A
ix

weak acid group with pKa between 9 and 10, a sp2 linker connecting the weak acid
moiety and the amide bond. A bicyclic ring connecting to the amide bond (Figure 1).

Figure1: Summary of updated pharmacophore.

.
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Chapter 1
Introduction

1

Drug discovery

In 1843 August Wilhelm von Hofmann distilled aniline from coal tar while working
in Giessen as a research student with Justus Liebig and later demonstrated that
benzene was present in the tar at the Royal College of Chemistry in London. A
student of Hofmann, Charles Mansfield isolated benzene by fractional distillation
and nitration of the benzene led to the chemical synthesis of aniline which paved
the foundation for chemical manufacture of aniline dyes and other important
organic chemicals.
Another student of Hofmann, William Perkin in a failed attempt to synthesize
quinine from an aniline derivative, synthesized a compound that turned fabrics
purple leading to the first synthesized dye. The demand for dyes drove the
progression of chemistry, creating new methodologies and synthetic routes to new
dyes and interesting organic compounds.
Large manufacturers of the dyes industry in Germany e.g. F. Bayer & Company and
Farbenfabriken Hoechst noticed that azo dyes had a preferential affinity to stick or
stain to bacteria colonies igniting the interest of dyes in the use as medical
therapeutics. In 1935, German biochemist Gerhard Domagk along with fellow
chemists, synthesized and tested a large library of dyes and through trial and error
developed the anti-microbial Prontosil. Later structural activity relationships found
that the 4-amino benzene sulphonamide of Prontosil was the active moiety and
later development by substitution of the p-aniline or sulphonamide groups yielded
improved pharmacokinetic profiles and therapeutic activity.

Phenotypic screening and target-based drug discovery
The current strategies of drug programmes that have dominated the drug
development sequentially in the last 100 years have been phenotypic screening and
target-based drug discovery. Phenotypic is an empirical method that rely on the
phenotypic response .i.e. the response of cells, tissues or whole organisms to
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compounds. Target-based drug discovery measures the effects of a compound on a
purified target using in vitro assays.
Between 1999 and 2008, US FDA approved 259 agents. Of these 259 agents, 75
agents were new first in class with new molecular mechanism of action. Of these 75
agents, 50 were small chemical entities and 25 were biologics. 28 of these came
from phenotypic screening and 17 from target-based drug discovery. 164 follower
drugs were approved of which 83 were contributed via target-based screening, 30
were approved resulting from phenotypic screening, 31 were biologics and 7
derived from prodrugs and or combinations of already approved drugs [1]. Both
strategies are actively pursued, Novartis AG and GlaxoSmithKline plc adapted the
phenotypic screening strategy giving more importance to new molecular modes of
actions while Roche’s Genentech Inc. adapted the target-based drug development
strategy favouring compounds with a known mode of actions [2].

Immune system

The term immunity was first used to indicate exemption from taxes and was later
extended to a biological sense in settings where recovered people from a life
threatening infection e.g. Patients that recovered from the plague were able to
nurse infected people of the same disease without fear of ever contracting the
disease ever again.
The immunity acquired led to the thinking and eventual eradication of life
threatening disease smallpox by the 1980 spanning over 200 years. Lady Mary
Pierrepont daughter of the duke of Nottinghamshire in 1717 observed a practice in
Constantinople Turkey of where the local populace injected materials from the
crust of the smallpox to prevent smallpox. She later experimented with this method
on return to England on criminal and orphans but was soon abandoned due to the
high morbidity and mortality, demanding a safer method.
In 1796, observation from a Gloucestershire doctor named Edward Jenner observed
that milkmaids infected with cowpox (a non-life threatening infection of the hands
3

from milking cows) were remarkably resistant to smallpox and attempted to test
this hypothesis by injecting the pus material from a milkmaid infected with cowpox
into a small boy. The boy was subjected to multiple typical smallpox infection
routes of the time and did not develop smallpox. Thus began the eventual
eradication of smallpox by 1980 where a once devastating infection killing an
estimated 50 million people in Europe became ineffective in causing disease.

Adaptive and innate immune system
When considering immune system, two important biological events are to be
considered, recognition of the pathogen and the defence against the pathogen
which then leads to the consideration of whether the recognition of the pathogen
and defence against the pathogen should be one entity or two separate entities. As
there are a multitude of infectious pathogens including many types of viruses,
bacteria, fungi, protozoa and multicellular parasites, each with their own
mechanisms of transmission, infection and reproduction, no one system on its own
can be fully effective. However collectively, the body can deal with the plethora of
variations in pathogens.
The cellular components that mediate the recognition and defence can be
categorized by their cell lineage (myeloid or lymphoid), morphology
(polymorphonuclear leukocytes or monocytes) dictated by the shape of the nuclei.
The response can be further divided into innate or adaptive immunity.
The recognition ability of the innate system has evolved to recognise a set of
chemical patterns of invading pathogens that include microbial lipids,
carbohydrates, proteins and nucleic acids that are collectively termed pathogen
associated molecular patterns (PAMPs). The PAMPs are recognised by secreted
proteins (mannose binding-lectin, C - reactive protein) and also cell surface and
cytoplasmic proteins (e.g. macrophage mannose receptor, Toll like receptor),
collectively named pattern recognition molecules where they are exacting in their
recognition and identical across different cells.
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The innate immune system can rapidly react to invading pathogens but the
effectiveness result in only a relatively moderate clearance of the pathogen and a
second infection of the same pathogen will only induce a similar defence reaction.
A typical defence against infection will often require further assistance from the
adaptive system via T lymphocytes (T-cells) and B lymphocytes (B-cells) which are
antigen specific. The antigen specificity of a particular lymphocyte is non-identical
to another lymphocyte. The adaptive system initial response is slow but highly
effective in the clearance of pathogens and repeat response becomes even more
effective. B cells secretes soluble proteins called antibodies or immunoglobulins
which are highly specific and effective for any specific subsequent infection and
together with the innate immune system makes a highly effective defence for the
body.

Antibodies/ Immunoglobulin’s
Paul Ehrlich et al. identified blood plasma to possess an ability to ward against a
number of infections and in doing so coined the term immunoglobulin, deriving
from the words immunity and globulin meaning large globular proteins.
Immunoglobulins ability to function as antigen recognition molecules also gave rise
to an alternative name antibodies.
The typical immunoglobulin is composed of 4 polypeptide chains linked by
disulphide bonds (Figure 2). The two larger chains are identical to each other and
are designated heavy chains while the two shorter chains which are also identical to
each other are designated light chains. The combined N termini of both of these
chains makes up two antigen binding site for the immunoglobulin. Functionality of
the different parts of the immunoglobulin were elucidated using proteolytic
enzymes.
Digestion with papain causes the cleavage of the amino terminal side of the
disulphide bond on the heavy chain resulting in two fragments that retain their
ability to bind antigen called Fab (fragment antigen binding) and a single fragment
that can be readily crystallized called Fc( fragment crystallisable) Figure 2. Digestion
with pepsin cleaves the immunoglobulin on the carboxyl terminal of the disulphide
5

bond on the heavy chain generating a Fab dimer F(ab)2 and a small Fc fragment
designated pFc’ Figure 2.

Figure2: Immunoglobulin and fragments formed by proteolytic digestion.
Papain digestion cleaves
above the disulphide bonds while Pepsin digestion cleaves at multiple locations below the disulphide
bonds. S-S, Disulphide bond; C, Carboyxlic terminal; N, amino terminal

Immunoglobulin’s are highly conserved throughout the structure and there is
significant similarity in the amino acid sequence between the light and heavy chain.
Although there is much similarity in the immunoglobulin, the N-terminal of the
structure shows considerable variability of its amino acid residues and is termed
variable relative to its other domains. The other domains show little variance in
their amino acid residues and are termed the constant region (Figure 3).
Within the variable region exists a hypervariable region where the determinant for
the antigen is defined. The makeup of the hypervariable region is comprised of a 3
set region of which each set is made of a heavy chain and a light chain (Figure 3).
The chemical properties and spatial orientation of the hypervariable region is
complementary to its antigen and thus slight variation and changes to this region
give rise to diversity of current and new antigens.
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Hypervariable region

Figure3: Domain structure of immunoglobulin.Typical immunoglobulin showing
location of hypervariable

There are 5 isotypes of immunoglobulins: IgG, IgA, IgM, IgD and IgE see Table 1. The
two light chain are identical in any given immunoglobulin and are of two types, the
Kappa (κ) chain and Lambda (λ) chain. IgG and IgA contain single amino acid
variation or polymorphism of immunoglobulins known as allotypes which are again
further sub classified (Table 1).

7

Table1: Physical and biological characteristics of immunoglobulin. J, J chain; NK, natural killer; S,
secretory piece[3].
IgG

IgA

IgM

IgD

IgE

150kDa

160kDa(monomer)

900kDa

180kDa

190kDa

1

1 or 2

5

1

1

γ

α

µ

δ

ε

κ or λ

κ or λ

κ or λ

κ or λ

κ or λ

-

-

J±S

J

-

γ 1, γ2, γ3, γ4

α 1, α2

-

-

-

c. 10(65%, 25%,
6%, 4%)

c. 2 (85%, 15%)

c. 1

c. 0.03

c. 0.0002 (i.e.
200ng mL-1)

γ 1, γ2, γ3

-

++

-

-

+

+

-

-

-

Phagocyte binding

γ 1, γ3

+

-

-

+

Mast cell binding

-

-

-

-

++

γ 1, γ3

-

-

-

-

γ 1, γ3, γ4

-

-

-

+

γ 1, γ2, γ3, γ4

+

-

-

+

Mucosal transfer

-

++

+

-

-

Placental transfer

γ 1, γ2, γ3, γ4

-

-

-

-

Physical
Properties
Molecular weight
Number of four chain
units
Heavy chain
s
Light chains
Other peptide chains
Subclasses
Serum concentration
(gL-1)
Biological activity

Complement
fixation
Classical pathway
Alternative pathway

NK cell binding
Eosinophil binding
Extravascular diffusion
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Fragment crystallisable (Fc) receptors
Fc receptors are the receptors for the Fc portion of antibodies. Typically they
engage with specific antigen-antibody complexes triggering a cellular response. Fc
receptors provide the connection between the adaptive immune system and the
innate immune system. Fc receptors are expressed on many types of hematopoietic
cells including macrophages, neutrophils, dendritic cells, eosinophils, basophils,
mast cells, and NK cells. Plasma cells produce five classes of antibodies, IgA, IgD,
IgE, IgG and IgM each with a corresponding Fc receptor denoted by the
corresponding Greek letter. They include the IgG receptor (FcγR), IgE receptor
(FcεR) and the polymeric immunoglobulin’s IgA receptor (FcαR) and IgM receptor
(FcµR). Other unique class of receptors that bind IgG are FcRL5, TRIM21 and FcRn.
FcRn is a unique FcR that has three major functions with respect to IgG; IgG
transport across epithelial barriers, protection of IgG from catabolism and antigen
presentation.
Aggregated immune complexes interacts with the fc receptor to commence the
signalling cascade by recruiting SRC family kinases and spleen tyrosine kinase (SYK).
Activation and signalling of the fc receptor is via the immunoreceptor tyrosinebased activation motif (ITAM) with the exception of FcγRIIb that possesses an
immunoreceptor tyrosine-based inhibitory motif (ITIM) that down regulates
signalling of the activation cascade by recruitment of inositol polyphosphate-5phosphatase SHIP1 that counteracts the activation cascade.

9

Fcγ receptors
Humans express 9 Fcγ receptors of which 7 are cell-surface Fc receptors that binds
IgG: FcγRI, FcγRIIa, FcγRIIb, FcγRIIc, FcγRIIIa, FcγRIIIb, as well as FcRL5 [4, 5] and 2 Fc
receptors that bind IgG once they are internalized by the cell-FcRn and TRIM21 (aka
Ro52) [6]. The expression of these receptors has been extensively studied (Table 2)
as has the IgG allotype binding affinity of the different receptors (Table 3).
Presented in the tables are expression and affinity in healthy individuals, but is
worth noting that the expression and affinity can change upon their pathological
conditions and therapeutic treatments. For example, certain cytokines can
upregulate or down regulate expression of receptors as seen in B cells. B cells show
a higher expression of FcγRIIb when stimulated with IFN-γ but reduced levels of
expression following IL-4 stimulation.
The activated Fc receptor signals through an ITAM motif that is incorporated into
their cytoplasmic tails or through an associated signalling subunit such as FcRγ
chain (Table 1), FcRβ chain, or a CD3ζ chain.
FcRL5 possess both an ITAM and two ITIM motifs in its cytoplasmic domain but has
been reported to mainly exert a negative regulatory role [7] [8]. IgG binding is
unique to other receptors in that IgG-Fc and IgG-F(ab)2 can bind the FcRL5
independently suggesting a two-step process interaction with whole IgG to the
FCRL5 receptor [4].
Receptors devoid of either or both an ITAM or ITIM as in FcγRIIIb and TRIM21
induced cell signalling by association on the cell membrane with integrin’s [9],
activating transcription pathways or proteasome related pathways [10].

ITAM/ITIM
ITAM motifs are found in multi-subunit containing immune receptor e.g. B-cells, Tcells and activating Fc receptors [11, 12]. The residue sequence YxxL/I-(x)6–8-YxxL/I
(where x is any amino acid) characterises the ITAM motif which promote signalling
by activation of Syk or Zap70 tyrosine kinase [12, 13]. Aggregation of ITAM bearing
receptors leads to ITAM tyrosine phosphorylation via Src family kinase.
Phosphorylation of both ITAM tyrosine is required for docking of Syk and/or Zap70
10

in the SH2 domain that leads to activation of multiple pathways that initiates
activation, proliferation, differentiation and survival [14]. Aggregation induced
monophosphorylation in B-cell receptors ITAM motif leads to tyrosine
phosphorylation of Lyn and a limited downstream signalling [15].
ITIM motifs inhibitory functions was first defined in FcγRIIb bearing cells [16]. The
general residue sequence (I/V/L/S)xYxx(L/V) characterises most ITIM motifs which
when tyrosine is phosphorylated, binds to the SH2 domain containing 5-inositol
phosphatase with SHIP-1 and SHIP-2 and/or the SH2 domain containing tyrosine
phosphatases with SHP-1 and SHP-2 [17]. Dephosphorylation of the SH2 domain
offsets cell activation.

Figure4: The function of Fc receptors in normal antibody
-based activation of cell response
[18].
(Authorised image reproduction license number 3593150715923)
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Table2: Human IgG expression pattern.
+ indicates expression, (+) inducible expression; +/-, very
low expression or rare subsets express the receptor; -, no expression; and NA, not analysed;
Mono/Macro, monocytes and/or macrophages. Table has been adapted from Gillis et al. [19].
Human IgG receptors
Name

CD

&ĐɶZ/&ĐɶZ//Ă
&ĐɶZ//ď
&ĐɶZ//Đ
&ĐɶZ///Ă
&ĐɶZ///ď
&ĐɶZŶ
FcRL5 TRIM21
CD64

CD32A

CD32B

CD32C

CD16A

CD16B

CD307

B cell

-

-

+

-

-

-

-

+

+

T cell

-

-

-

-

-

-

-

+

-

NK cell

-

-

-

+

+

-

-

+

-

Mono/
Macro

+

+

+/-

+

+

-

+

+

-

Neutrophil

(+)

+

+/-

+

-

+

+

+

-

Dendritic cell

+

+

+

-

-

-

+

+

-

Basophil

-

+

+

-

-

+/-

-

+

-

Mast cell

(+)

+

-

-

-

-

NA

+

-

Eosinophil

-

+

-

-

-

-

-

+

-

Platelet

-

+

-

-

-

-

NA

NA

-

Endothelium

-

-

-

-

-

-

+

+

-
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Table3: Summary of IgG and subtype affinities for IgG receptors
[19]. Alleles are shown as the
amino acid variant in the protein structure or by the name of the allelic variants (NA1, NA2, or SH).
Binding of the various affinities for the subclasses is given as M-1. High affinity is highlighted in bold. , no binding; ND, not determined; # no allelic variant. ¤Associated with integrins. ITAM,
immunoreceptor tyrosine-based activation motif. γ2 dimer of the FcRγ subunits; ITIM,
immunoreceptor tyrosine-based inhibitory motif; GPI, glycosyl-phosphatidylinositol; β2m, β2microglobulin. Table has been adapted from Gillis et al. [19].
Human IgG receptors
Name

&Đɶ&ĐɶZ//Ă
&ĐɶZ///
&ĐɶZ
&ĐɶZ//ď
&ĐɶZ//Đ
&ĐɶZ///Ă
FcRL5 TRIM21
RI
b
n

CD

CD6
4

CD32A

CD32B

CD32C

CD16A

CD16B

CD307

Gene

FCG
R1A

FCGR2A

FCGR2B

FCGR2C

FCGR3A

FCGR3B FCGRT

FCRL5

Alleles

#

H131

R131

I232

T2

Q13

sto
p13

V158

F158

NA1,NA
2,SH

#

#

#

32

IgG1

6x10
7

TRIM21

5x1
06

3x1
06

1x1
05

ND

1x1
05

-

2x1
05

1x1
05

2x105

8x107

5x106

1x106

IgG2

-

4x1
05

1x1
05

2x1
04

ND

2x1
04

-

7x1
04

3x1
04

-

5x107

5x106

variable

IgG3

6x10

9x1
05

9x1
05

2x1
05

ND

2x1
05

-

1x1
07

8x1
06

1x106

3x107

2x106

1x106

2x1
05

2x1
05

2x1
05

ND

2x1
05

-

2x1
05

2x1
05

-

2x107

5x106

1x106

Activatio
n¤;

IgG
recycli
ng;
transp
ort

Activati
on;
proteas
ome
addressi
ng

Activation
proliferati
on
differenti
ation

7

IgG4

3x10
7

Major
role

Activ
atio
n

Activation

inhibition

Activation

Activation

Decoy
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ITAMi
ITAM bearing receptors are reported to have dual functionality where typically
immune complexes engage to its specific receptor possessing a cytoplasmic ITAM
causes downstream signalling leading recruitment and activation. It has been
reported that monomeric antibodies can induce an inhibitory effect through the
same receptor causing a recruitment of SHIP1 that inhibits the activation cascade
termed ITAM inhibition (ITAMi) [20-22].

FcγR-IgG interactions
The FcγRs have structurally conserved IgG binding sites, implying that all the IgG
subclasses interact with the FcγRs in a similar way [18, 23-25]. The crystal structure
of the human complexes, FcγRIIa-IgG [24] and FcγRIIIa-IgG [26] are known,
however, for FcγRI, only the FcγRI crystal structure without its ligand is available
[27]. IgG interacts asymmetrically with the FcγRs where the FcγR inserts itself
between the heavy chains of one IgG making it possible to interact with both Fc
chains (Figure 5). Mutagenesis, X-ray crystallography and homology studies have
shown IgG binding is mainly on the second domain of all FcγR with additional
hydrogen bonds and salt bridges for FcγRI in the lower hinge of its Fc region [28].
Four elements makes up the binding area for IgG, two tryptophan’s at position 87
and 110 (tryptophan sandwich) of which Trp87 is located in the space that forms
part of the linker between domain 1 and domain 2. Trp110 is located in the space
between the B strand and the BC loop (red) (Figure 6). The three other elements
consists of segments containing residues 110-118 in the BC loop and C strand
(purple), residue 125-132 in the C’E loop (dark blue), and residue 155-158 in the FG
loop (light blue) (Figure 6). It is important to note that the polymorphisms that
affect IgG binding are also found in these areas (FcγRIIa, R131H and FcγRIIIa,
V158F).
Residues 265-269 and 296-300 on one of the Fc chains make an area of contact
with the FcγR while residues 327-333 on the second Fc chain in which Pro329 is
inserted between the tryptophan sandwich is also essential for binding. IgG
subclass binding variation occurs at the lower hinge region at position 234-237
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except IgG2 which is truncated. Variation occurs in the IgG1, & IgG3 sequence 234-LL-G-G-237, IgG4 sequence 234-F-L-G-G-237.

Figure5: Interaction between IgG and FcyR
IIa [18]. (a) depicts the extracellular domain of FcγRIIa
where the surface in red depicts the area of interaction with IgG. (b) depicts IgG with the area of FcR
interaction in purple and orange. (c) depicts the complex of IgG and FcγRIIa. (This image was
reproduced with the permission of Nature license number 3593150715923.)

Figure6: Image depicting the site of interaction between IgG and
&ĐɶZ//Ă
[18]. The three figures
depict the view from both sides (left figure and right figure) of the FcγRIIa receptor and the view
from the top (middle figure). The four elements that are involved in the interaction with
immunoglobulin are the tryptophan sandwich (red), BC loop (purple), C’E loop (dark blue) and the
FG loop (light blue). (This image was reproduced with the permission of Nature license number
3593150715923.)
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Other Ligands
Pentraxins are multimeric cyclic structures [29] that form complexes with a
pathogen or necrotic tissue. They also binds C1q and activate the classical
complement pathway [30]. Most notable of the Pentraxin superfamily, C-reactive
protein (CRP) and serum amyloid P (SAP) have been shown to cross links Fc
receptors and induce the activation of the innate immune system [31]. The crystal
structure of SAP and FcγRIIa confirmed that Pentraxins interacted with FcγRIIa [31].
Pentraxins binds to both activating and inhibitory Fc receptors where it has equal
affinity for all fc receptors. The concentration of circulating Pentraxins is quite small
and is up regulated when inflammation is triggered.
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FcγRIIa mediated diseases
Autoimmune
FcγRIIa has been implicated in autoimmune diseases. IgG Immuno-complexes that
interact with the FcγRIIa receptor has been linked to be the underlying cause for
multiple autoimmune diseases.
Acute lung injury (ALI) and Acute respiratory distress syndrome (ARDS)
ALI and its more severe form ARDS are inflammatory diseases of the lung
characterized by acute lung injury and increase diffusion of neutrophils infiltrates
leading to alveolar damage in ALI/ARDS. Observation from patients with ALI/ARDS
indicate the presence of anti-IL-8 autoantibodies/IL-8 immune complexes in lung
fluids and that these complexes induces inflammation through the FcγRIIa receptor
on neutrophils that implicates FcγRIIa in the pathogenesis of ALI/ARDS [32, 33].
Age-related macular degeneration (AMD)
AMD is a multi factorial disease leading to irreversible blindness in the elderly
causing tissue destruction by inflammation, the degree of inflammatin being a
strong indicator for disease progression. Murinello et al. has shown that there is a
robust inflammatory response in murine models with an increased expression of all
its Fcγ receptors, while inflammation was abolished in murine models lacking
activating Fcγ rectors. In humans with wet AMD, Murinello found an increase of
CD45+ cells expressing FcγRIIa and FcγRIIb suggesting that immune complexes are
implicated in the pathogenesis of AMD [34].
Anaphylaxis
Anaphylaxis is a systemic hyper acute allergic reaction [35] responsible for more
than 1,500 deaths per year in the US [36]. Anaphylaxis is associated with intense
vasodilatation and bronchoconstriction, severe laryngeal edema, drop of cardiac
pressure, and hypothermia. Typically anaphylaxis is induced by IgE complex with an
antigen that triggers the Fcε receptor on mast cells and basophils. Neutrophils are
shown to be sufficiently adequate to induced active systemic anaphylaxis (ASA) in
mice [37].
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Anaphylaxis can be induced actively or passively and has been shown to be
triggered through the FcγRIIa [38]. ASA depends on neutrophils and is induced
when an immunized patient is exposed to the same antigen. Two types of passive
anaphylaxis can be triggered with preformed immune-complexes, cells of
monocytes/macrophages and neutrophils trigger passive systemic anaphylaxis
(PSA) and mast cells being triggered lead to passive cutaneous anaphylaxis (PCA).
Antineutrophil cytoplasmic antibody(ANCA)-associatedvasculitis
Antineutrophil cytoplasmic antibody associated vasculitis (AAV) is a group of
disease involving the inflammation and necrosis of blood cells walls. It has reported
incidence of 10-20 million cases per year[39]. IgG ANCA binds to either proteinase 3
(Pr3) or myeloperoxidase (MPO). The complex interacts with the FcγRIIa receptor
leading to neutrophil activation. ANCA must be internalized by neutrophils or the
antigens must be expressed on the cell surface.
The activation of the receptor leads to neutrophil intracellular signalling of f-actin to
polymerize and stimulation of secretion of pro-inflammatory cytokines, granules
and superoxides. The polymerization causes the neutrophil to be unable to undergo
cellular structural morphological change which is important to transverse the
microvascular system [40].
Autoimmune haemolytic anaemia (AIHA)
Autoimmune haemolytic anaemia (AIHA) is the antibody mediated removal of red
blood cells leading to severe anaemia in patients. In vivo study of a human
monoclonal antibody against FcγRIIa showed a reduction in anaemia in a transgenic
FcγRIIa mouse [41].
Dilated cardiomyopathy (DCM)
Dilated cardiomyopathy (DCM) is a non-coronary artery disease that leads to the
progressive depression of myocardial contractile function and ventricular dilation
leading to loss of blood circulation efficiency. IgG autoantibodies of DCM patients
have been shown to bind to their antigenic epitope on cardiomyocytes through the

18

FcγRIIa causing a negative inotrophic by disruption of calcium transients that leads
to cardiac dysfunction [42].
GuillainʹBarre syndrome
Guillain-Barre Syndrome (GBS) is the demyelination or axonal damage of the nerves
caused by an acute inflammation leading to progressive flaccid paralysis. Two thirds
of GBS patients have a prior infection to GBS development where Campylobacter
jejuni, Cytomegalovirus, Epstein-Barr virus, and Mycoplasma pneumoniae are known
to initiate GBS [43]. 25-40% of GBS patients suffer from Campylobacter jejuni
infection before development of GBS, however only 1 in 1000 Campylobacter jejuni
infections develops into GBS [44].
Inflammation can be triggered by autoantibodies generated from cross reactive
antibodies from prior infection to neuronal constituents, most notable GM-1 and
GQ1b gangliosides [45]. Anti-GM1 antibodies has been shown to contribute to GBS
through the FcγRIIa receptor on leukocytes, causing cells to release inflammatory
mediators [43].
Immune thrombocytopenia (ITP)
Immune thrombocytopenia (ITP) is an acquired idiopathic immune disorder.
Autoantibodies are directed against platelets leading to removal of this component
from blood causing a heightened risk of bleeding. The cause can be multi variant or
be of several independent pathways leading to platelet depletion by means of
phagocytosis through the FcγRIIa receptor, complement pathway or activation of
platelets through antibody Fc fragment.
Rheumatoid arthritis(RA)
Rheumatoid arthritis (RA) is an autoimmune disease that is characterised by chronic
inflammation that induces cartilage and bone destruction.
Mice naturally lack expression of the FcγRIIa. Transgenic mice expressing the
human FcγRIIa with arthritis induced via pristane or collagen have been shown to
develop a more severe form of arthritis [46]. Transgenic mice studies of small
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chemical antagonist for the FcγRIIa receptor showed an improvement in RA mouse
model [47].
Synovial mast cells have been shown to express FcγRIIa and have been shown to be
activated by IgG-anti-citrullinated protein antibodies (ACPA) and TLR ligands
triggering pro-inflammatories cytokines, enhancing inflammation in synovial fluid of
RA patients [48].
M2 macrophages are known to suppress inflammation, but under certain
conditions, M2 macrophages activated via IgG complexes through FcγRIIa and TLR
ligands produces pro-inflammatory cytokines and a Th17 response contributing to
the pathogenesis [49]. Further research implicates the FcγRIIa in arthritis when the
activating FcγRIIa receptor is induced to an inhibitory role via ITAMi process which
showed reduction in arthritis [22].
Systemic lupuserythematous(SLE)
Systemic lupus erythematous (SLE) is a systemic autoimmune disease that is
typically characterized by the bodies loss of tolerance to nuclear antigens, Immunecomplex deposition in tissue and multiple organ involvement. In SLE, nuclear
immune-complexes activate plasmacytoid dendritic cells (pDC) to produce
interferon type I (IFN) which contributes to disease pathogenesis. Immune
complexes are endocytosed through the FcγRIIa where the nucleic acid component
activates either TLR 7/ TLR 9 via RNA or DNA respectively leading to IFN type I
production (mainly IFNα). Subsequently IFN I binds to IFN alpha receptor (IFNAR)
Neurodegenerative diseases
Alzheimer’s disease (AD), characterised by intermittent memory and loss of
cognitive function and is associated with many neuropathological changes
characterised by amyloid beta (Aβ) deposits. Neuro inflammation and
neurofibrillary tangles Aβ is derived from amyloid precursor protein (APP) where it
was observed that mutation or increased expression in the APP gene in Down
syndrome was associated with early onset of AD [50]. Immunotherapy against Aβ in
murine models expressing human Aβ is associated with clearance of Aβ deposits
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with recovery of cognitive function but this has yet to be translated to humans. The
current approved treatments for AD are enzyme inhibitors for acetyl-cholinesterase
and Memantine, a blocker for the neurotransmitter channel for glutamate. Both
treatment transiently improves cognition but currently there are no treatment for
disease progression.
Two immunotherapy drugs Bapineuzumab (AAB-001,ELN115727) and Solanezumab
(EXPEDITION1 and EXPEDITION2) targets Aβ deposits but failed to reach their
primary endpoints in phase III clinical trials [51] [52] in improvement of cognition.
Bapineuzumab have showed vascular side effects that may be contributed via the
immunotherapy Fc constant region interaction with FcγRs located on the microglia
and neurons in the CNS region, releasing pro-inflammatory cytokines.
IgG crosses the blood brain barrier (BBB) which is facilitated by FcRn through
passive diffusion. Disruption of the movement of IgG across the BBB is influenced
by the permeability of the BBB and is affected my multiple factors e.g. ageing,
stress and disease can also alter IgG concentrations in the brain [50]. ApoE4 is the
largest risk factor for sporadic AD [53], ApoE4 deficient mice show an increase in
serum IgG in the CNS developing symptoms similar to AD including: increased BBB
permeability, cognitive impairment, accumulation of Aβ and increase
phosphorylation of Tau [54]. Double knockout Fcγ chain and ApoE4 deficient mice
showed the same BBB permeability but without the deficit features of the single
knockout ApoE deficient mice. FcγRIV knockdown in mice via siRNA prevented
similar effects of IgG on primary neurons in mice. This implicates FcγRs in AD but it
should be noted that Fcγ chain deficient mice do not express other receptors that
are required by the Fcγ chain e.g. mincle and dectin [55].
Human microglia cells express FcγRI, FcγRIIa, FcγRIIb and low expression of FcγRIII
and all FcγRs are upregulated in AD [50]. Immuno-complexes in the microglia cells
of the mouse brain and human eye have been shown to induce a neuroinflammatory response that depends on activating FcγRs and is upregulated
following systemic inflammation [56] [34].
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Infection
An increasing study in the mechanism of infection has shown that the FcγRIIa
receptor being an integral component in the pathogenesis of infectious diseases.
Immuno-pathogen complexes and pathogens possessing many surface proteins
have been shown to interact with the FcγRIIa receptor eliciting its effects in
diseases.
Aerococcus urinae
A. urinae is a Gram-positive bacteria which has been implicated in urinary
infections, infective endocarditis and spondylodiscitis. It has shown to activate
platelets, however the surface proteins involved in the mechanism of actions are
currently unknown. The mechanism is dependent on complement, fibrinogen and
IgG, where antibody blockade of the FcγRIIa receptor abolished platelet activation
[57].
Bacillus anthracis
B. anthracis a Gram-positive bacteria implicated in sepsis and related DIC. Excessive
inflammation involved in Anthrax infection is due to peptidoglycan (PGN) and not
lethal or edema toxins produced by B. anthracis [58]. Recent studies have shown
that the complex of anti-peptidoglycan-peptidoglycan derived from B. anthracis can
activate platelets via FcγRIIa possibly contributing to the pathogenesis of sepsis
[59].
Helicobacter pylori
H. pylori a Gram-positive bacteria implicated in idiopathic thrombocytopenic
purpura (ITP) and unexplained iron deficiency anemia (IDA)], cardiovascular
diseases (ischemic heart diseases), neurological disorders (stroke, Parkinson’s
disease, Alzheimer’s disease), obesity and skin disorders [60]. H. pylori expresses
surface proteins that interact with GPIb through a bridging molecule vWF and
binding of IgG interacts with FcγRIIa receptor on platelets causing platelets to be
activated and aggregated [61].
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Streptococcus agalactiae
Group B streptococcus (GBS) that is implicated in infective endocarditis (IE), sepsis,
pneumonia and meningitis in neonates. S. agalactiae expresses a fibrinogen binding
protein FbsA which interacts with GPIIb/IIIa. Antibodies against the FbsA protein
forms pathogen-Ab complexes that can activate platelets through the FcγRIIa which
contribute to the pathology cardiovascular diseases [62].
Streptococcus or
alis
S. oralis is a Gram-positive bacteria that is frequently isolated from IE patients
where bacteria entry to the blood circulation system can often be attributed to oral
diseases or dental manipulations. S. oralis binds directly to GPIbα and only through
co-engagement via IgG to the FcγRIIa can signal amplification and dense granule
secretion leads to the activation and aggregation of platelets [63].
Streptococcus gordonii
S. gordonii is frequently isolated from infective endocarditis patients. S. gordonii
expresses surface proteins haemaglutitin salivary antigen (Hsa) and platelet
adherence protein A (PadA) that binds to GPIb and GPIIb/IIIa respectively that
promoting platelet adherence. Co localization of the ligated GP receptors to the
FcγRIIa receptor, induces signalling via ITAM motif causing platelet activation and
aggregation [64].
Streptococcuspyogenes
S. pyogenes a Gram-positive bacteria implicated in thrombocytopenia coinciding
with highly activated and low platelet counts in sepsis [65]. M1 and IgG are isolated
from patient S. pyogenes toxic syndrome. S. pyogenes releases M1 protein that
binds fibrinogen and in turn interacts with GPIIb/IIIa adhering to the platelet. When
M1-fibrinogen complexes contain specific antibodies to M1, with the antibody
containing complex, it induces the activation and aggregation of platelets through
crosslinking of the FcγRIIa receptor [66].
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Streptococcussanguinis
Streptococcus sanguinis (S. sanguinis) a Gram-positive oral bacteria, implicated in
infective endocarditis through the activation of platelets by the FcγRIIa receptor.
Strains of S.sanguinis influences the mechanism of action, but all require the GPIb
receptor through binding via serine rich protein A (SrpA), FcγRIIa receptor and in
some cases the complement receptor for platelet aggregation [67] [68].
Streptococcuspneumoniae
S. pneumoniae a Gram-positive bacteria that is a commensal of the upper
respiratory tract and nasopharynx. S. pneumoniae activates platelets through TLR-2
with amplification via an IgG independent FcγRIIa signalling [69].
Staphylococcus aureus
S. aureus a Gram-positive bacteria that can be found on the skin or respiratory
tract. S. aureus is the leading cause of infective endocarditis accounting for 49% of
cases with a morbidity rate as high as 56% [70]. S. aureus expresses a dominant
surface protein during stationary phase growth clumping factor A (ClfA). When ClfA
specific antibodies are generated, the pathogen-Ab complex interacts with FcγRIIa
receptor together with a bridging molecule that interacts with platelet surface
receptors GPIIb/IIIa or a complement receptor heading to activation and
aggregation of platelets [71]. In the early exponential stage, S. aureus expresses
clumping factor B (ClfB) that activates platelets via the same mechanism as ClfA
with a longer time frame [72]. S. aureus in exponential stage also expresses
fibrinogen binding protein A (FnBPA) and fibronectin binding protein B (FnBPB);
these proteins both interact with GPIIb/IIIa through the bridging molecules
fibrinogen or fibronectin and co-engagement of the FcγRIIa receptor through
specific antibodies causing platelet to activate and aggregate [73].
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Staphylococcus epidermidis
S. epidermidis is usually found on the skin and is implicated in infective endocarditis
and infections involving medical devices. S. epidermidis expresses SdrG in 67-91% of
clinical strains and can activate platelets directly and indirectly. The SdrG A domain
requires fibrinogen binding to GPIIb/IIIa with co-engagement of the FcγRIIa
receptor for platelet activation whereas SdrG B domain can directly bind to
GPIIb/IIIa [74].
Denguevirus
Dengue is a viral disease from the genus flavivirus from the family flaviviridae is
transmitted by the mosquito, commonly the Aedes aegypti species. There are 4
serotypes of dengue virus DENV-1, DENV-2, DENV-3 and DENV-4 with an addition of
a more recent discovery of a 5th serotype [75]. Infection by any of the serotypes can
cause Dengue fever with a lifetime immunity to that of the infected serotype and a
temporary immunity to the other serotype. Upon infection with a second
heterologous serotype or an infection with a heterologous serotype to a maternal
acquired immunity can cause a more severe form of disease called dengue
haemorrhagic fever. Symptoms can range from hypovolemic shock from plasma
leakage, organ dysfunction and internal haemorrhaging.
Upon a second heterologous infection, dengue sub neutralising cross reactive
antibodies raised from the first infection forms an infectious antibody-virus
complex that enters Fc receptor bearing cells. This leads to an increase in viral
infection of cells and an increase viral output per cell through antibody dependent
enhancement (ADE) mechanism [76].
Studies has shown that FcγRIIa receptor when activated by the viral-antibody
complex plays an important role in the pathogenesis in dengue fever disease [7780].
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Influenza H1N1 virus
H1N1 avian flu is a subtype of the influenza A virus (IAV) which causes an
overreaction of the inflammatory system in the airways leading to tissue damage
and respiratory dysfunction. Platelets contains pro-inflammatory mediators [81,
82], when activated, release their contents contributing to the inflammatory
process. Platelets express the FcγRIIa antibody receptor can be activated by the
H1N1 virus-antibody complexes thus contributing to the inflammatory process of
the influenza disease [83].
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Drug induced adverse side effects
The main goal of therapeutic drugs is to alleviate a distress or initiate a lifesaving
course of action. It has been shown that certain drugs induce adverse side effects
that involve the FcγRIIa receptor.
Bevacizumabinduced thrombosis
Bevacizumab is drug for the inhibition of angiogenesis. It has been reported that
Bevacizumab immune complexes are implicated in thrombosis through the
activation of platelets via the FcγRIIa receptor [84].
Eptifibatide induced thrombocytopenia
Eptifibatide is a GPIIb/IIIa receptor antagonist used to reduce the frequency of
ischemic events in patients with acute coronary syndromes and those undergoing
percutaneous coronary intervention. FcγRIIa is involved for Anti-Eptifibatide
antibodies complexes in thrombocytopenia [85].
Heparin-induced thrombocytopenia/thrombosis (HIT/T)
Heparin is a highly sulphated glycosaminoglycan anticoagulant injectable. Heparin
induced thrombocytopenia is induced when antibodies generated against HeparinPF4 complexes, induces platelet activation through the FcγRIIa [86, 87].
Protamine induced thrombocytopenia
Protamine is a protein derived from the salmon sperm that is widely used to
counteract the anticoagulant properties of heparin after surgery. Reports show that
antibodies to protamine-heparin complexes induce platelet activation causing
thrombocytopenia in patients in an FcγRIIa dependent manner [88, 89].
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Polymorphism
FcγRIIa has a Arg/His polymorphism at position 131 with H131 having the higher
affinity fot IgG2. Polymorphism of the FcγRIIa affects binding affinity of IgG
complexes binding to the FcγRIIa that affect both infections and autoimmune
diseases. In autoimmune disease, two large Meta-analysis of 12 studies for genetic
association and SLE, showed that SLE is significantly associated with homozygosity
of FcγRIIa-R/R131 [90, 91]. As binding affinity of pathogens is important in
pathogen clearance, genetic association studies has shown that FcγRIIa-R/R131
homozygous had a higher susceptibility to pneumococcal infections [92-94].
Myasthenia gravis (MG) is a disease that causes signal transmission failure at the
interface between the nicotinic acetylcholine receptor (AChR) and the
neuromuscular joint resulting in muscle weakness in one or several muscle groups.
FcγRIIa R/R131 genotype occurred with increased frequency among MG patients
[95] [96], suggesting that poor clearance of immune complexes from FcγRIIa
R/R131 genotype results in extended immune-complex circulation.

Fc receptor targeting
When considering Fc receptor as a drug target, we can consider two possible
strategies. First, by blocking the receptor directly either by developing antibodies
against the receptor or small chemical entities that blocks this interaction, prevents
the immunoglobulin complex from inducing an unintended response. This strategy
is useful in many significant clinical cases where an antigen antibody complex
activates the immune response causing a response that is normally used to protect
the host. The activation can lead to unintended release of pro inflammatory
molecules leading to tissue damage that is noted in some pathologies of
autoimmune diseases such as SLE and rheumatoid arthritis [18]. The activation of
the receptor in certain cells can not only cause release of pro inflammatories, but in
the case of platelets can also cause the platelets to be activated leading to
thrombocytopenia or clot formation [68, 97].
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The strategy also applies to blocking FcRn, which is important in recycling
antibodies hence increasing their half-life. Blocking the FcRn shortens the half-life
of an immune complex therefore it may ameliorate a disease [98].
A second strategy is to develop agonists that target the inhibitory FcγRIIb that down
regulates the activated cell can alleviate an active disease in treatment and
prevention of inflammation.

FcγRIIa targeting drug design
The FcγRIIa has been shown to take part in many diseases involving antibody
complexes. It is a flexible target in that it is not solely critical for body function, in
the case of haemostasis where other receptors can partake in haemostasis. Thus it
should not compromise haemostasis once inhibited.
Inflammation causes tissue damage and is a major result of many autoimmune
diseases including arthritis, SLE and ARDS. The pathology underlying many of these
diseases implicates FcγRIIa initiating the inflammation cascade causing tissue
damage.
Both bacteria and viruses have been implicated in platelet activation and
concsumption leading to cardiovascular diseases including myocardial infarcts,
infective endocarditis and sepsis. The underlying patyhology for many of these
diseases implicates FcγRIIa in the mediation of many diseases.
There is an increasing amount of information in regards of FcγRIIa in the
contribution of disease pathology. In normal immune activity, there is a careful
balance between activating and inhibitory receptors but when this balanced is
unsettled, this can lead to a plethora of diseases.
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Existing Therapies
Intravenous immunoglobulin (IVIG) is a polyclonal IgG blood product pooled from
thousands of donors. IVIG is mainly used in two clinical situations, as an immunoreplacement for immune deficiencies to supplement the immune system against
mainly infection. The second clinical situation IVIG is used is as an immunomodulator for autoimmune and inflammatory related diseases notable Kawasaki’s
disease and ITP. The mechanism of IVIG inducing its therapeutic effect in immunomodulation is poorly understood with only theories on the mechanism of action
with IgG receptor blockage or interaction being most dominant [99]. The IVIG
therapy is a scarce blood product while also being relatively expensive and invasive.
Two main modalities of treatment for Rheumatoid Arthritis (RA) are non-steroidal
anti-inflammatory drugs (NSAIDS) and corticosteroids which accounts for 2% of the
overall market sales and Disease-modifying anti-rheumatic drugs (DMARD’s)
accounting for 75% of market sales [100]. NSAIDs only interfere with a small
segment of the inflammatory cascade mainly the prostaglandin and COX pathways.
They however do not remedy the underlying immuno-inflammatory events and
retard joint erosion in RA.
DMARD’s like Methotrexate (MTX) are currently the gold standard for RA but not
without side effects such as slow onset and the requirement for constant
monitoring due to toxicity. The more recently developed oral DMARD leflunomide
has a quicker onset of action of 4–8 weeks and a superior tolerability profile [100].
Biologic DMARD’s targeting Tumour necrosis factor (TNF), a cytokine in the
initiation and mediation of the inflammation cascade that is inhibited by being
complexed by biologic monoclonal antibodies DMARD’s including infliximab,
etanercept and adalimumab that can be used solely or in conjunction with MTX.
Biologic DMARD’s have a superior treatment outcome than traditional DMARD’s
but the cost of biologic DMARD’s for a patient can exceed $1000 a month which can
make it inaccessible to some patients. Biologic DMARD’s also come with a toxicity
profile that limits their long term use due to the increase risk to serious infections
like tuberculosis.
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Targeting via SCE
Development of small chemical entities (SCE) that targets the FcγRIIa receptors are
a more cost effective and patient friendly. The cost of development and production
of biologics for targeting is significantly higher whilst the route of administration is
quite often intravenously whereas SCE overcome these setbacks.
Pietersz et al. in 2009 published the only SCEs targeting the FcγRIIa [47]. The
molecules were designed on the basis of three features, residues F132, K120 and a
hydrophobic chain of residues T122, F124, N157, L162 and S164 on the FcγRIIA
dimer. Molecules were synthesized to take in account these features: cyclic pi
systems for π-π interaction with residue F132, electrostatic interactions via the
carboxylic side chain with K120 and a hydrophobic tail for the interaction with
residues T122, F124, N157, L162 and S164 on the FcγRIIA dimer (Table 4).
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Table4: In vitro data of ^&ĐɶZ//ĂĂŶƚĂŐŽŶŝƐƚ
[47].

Inhibitor

Structure

Inhibition of
TNF-ɲ
(IC50mM)

Inhibition of
HAIgG
(IC50mM)

VIB113

ND

1.2

VIB152

ND

0.3

VIB153

0.31

0.57

VIB294

>1.47

0.8

VIB384

0.34

0.18

VIB197

>1.4

1.2

BRI6801

0

0
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Rational design
Pharmacophore was developed based on the crystal structure of FcγRIII and IgG1
complex (PDB 1E4K) and the unligated FcγRIIa (PDB 1H9V) crystal structure.
Through the use of the molecular modelling tool MOE (CCG, Montreal, Canada), the
FcγRIIa crystal structure is aligned to the FcγRIII in the FcγRIII and IgG1 crystal
structure and once aligned, the FcγRIII is subsequently deleted leaving the overlay
of FcγRIIa and IgG1 [101]. Taking in account of mutagenesis studies [102, 103],
identified the residues Lys117, His131, Leu132, Gly156 and Tyr157 that is important
for IgG1 binding.
A pharmacophore was developed through molecular modelling interactions of
FcγRIIa and IgG1 based on the identified residues (Figure 7), a virtual high through
put screening (vHTS) with an online chemical database which best fitted the
pharmacophore features generated a list of candidates.

IgG1 dimer fc region

Fcɶ
RIIa

Figure7: Pharmacophore elucidation by molecular interaction between
&ĐɶZ//Ă
and IgG1. FcγRIIa
has been overlaid and replaced the FcγRIII receptor. Residues on FcγRIIa that are significant to IgG
binding are identified and a pharmacophore generated is based on the residues.
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The First Generation of
Derivatives
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Introduction
Drug Discovery
A Brief History
Historically drugs were discovered serendipitously and contributed significantly to
pharmaceutical companies’ success. The emergence of the accidental approach to
drug discovery can be traced in early history with the passing of traditional herbal
remedies from generations to generations within tribes or between local people
which can be noted throughout early history. It is not until the 18th or 19th century
when an analytical approach to discover the active component in these herbal
remedies was pursued. For example, the anti-coagulant dicoumarol was discovered
as farmers observed that their cattle were dying of internal bleeding from the
consumption of rotting sweet clover[104]. Another example is the cardiac glycoside
digitoxin which was identified when a patient suffering from congestive heart
failure was given a herbal remedy containing foxglove extracts which improved the
patient outcome[105]. Advances in drug discovery have brought the modern
discovery of new drugs to a more systematic development through a deeper
understanding of the molecular biology and its interactions with diseases.
Challenges in today’s drug discovery efficiency remain the same, in that there is a
need to develop safe, novel drugs under the ever constant pressure of speed and
cost reduction. With the cost of developing a new drug surpassing the $1 billion
benchmark[106], the focus to identify failures in candidates early in a program has
been ever increasing with the motto ‘Fail early, fail fast and fail cheap’ often quoted
in many programs especially in the last 15 years when new drug entity approvals
have been steadily declining[107]. Though High throughput screening (HTS) of large
libraries of compounds is still the main principle identification method of new
bioactive compounds in the pharmaceutical industry, virtual screening in the last
decade has being steadily becoming an integral part in the overall drug discovery
design. A typical program for rational drug design is presented in (Figure 8).
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Figure8: Drug discovery cycle.
Typical drug discovery cycle where target is first identified followed
by molecular modelling to predict a pharmacophore. Compound synthesis or leads are purchased
followed by in vitro testing of compounds. Compounds are optimized and cycle is repeated until lead
is developed for in vivo testing.

High Throughput Screening vs. Virtual Screening
Traditional screening is usually conducted by scanning the company store of
compounds for activity, e.g. the tumour suppressing MDM2 antagonist Nutlin-3 was
discovered by Vasseliv et al. [108] following a screen of the company library. This
spurred further pre-clinical development of spiro oxoindole MI-319 which was
improved upon by Bertamino et al. which developed analogues with low nano
molar activity, that performed superior in multiple cancer cell lines to Nutlin-3
while not affecting the cell cycle (Figure 9)[109].
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Figure9: MDM2 antagonists.Nutlin-3 discovered through chemical screening leading to preclinical
development of MI-319 which was improved upon by Bertamino et al.

An advantage of virtual screening is the possibility of screening compounds outside
the company store, for example virtual screening of chemical libraries available in
the commercial or public chemical databases. One of virtual screening most
powerful tools allows the screening of compounds that do not necessarily exist
whether they are based from de novo design ideas, extrapolation of combinatorial
libraries or the theoretical imagination of the human mind. The vastness of the
virtual screening led to the idea of chemical space which encompasses chemicals
that are physically available as well as theoretically synthetically feasible. As
chemical space is vast, the virtual screen allows a systematic and rational search
through the chemical space based on parameters that are most drug-like which
opens up access to the possibility of discovering more therapeutic drugs (Figure 10).
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Figure10: Regions of biologically and medicinally relevant chemical space within the continuum of
chemical space
. Existing compound collection has only encompassed a small portion of the chemical
space which led to drugs discovered (A). Virtual screening allows the expansion of the chemical
space to discover new leads in theoretically relevant chemical entities (B) [110].

Pharmacophore based screening is a virtual screening tool based on an elucidated
or hypothesized pharmacophore to automatically analyse multiple chemical
databases for chemicals that fit the pharmacophore model using commercial
computer programs such as CATALYST[111], GALAHAD[112], GASP[113], MOE[114]
and PHASE[115]. The use of virtual screening before wet laboratory screening has
shown beneficial results. Doman et al.[116] have shown that a comparison of
virtual screening and high throughput screening (HTS) for the discovery of protein
tyrosine phosphatase 1b (PTP1b) inhibitors resulted in 40,000 compounds screened
using the HTS with 85 compounds showing activity or 0.02% positive hit result as
opposed to the 365 molecules suggested by molecular docking with 127 showing
activity or a 34.8% positive hit results generated by the virtual screen. The
comparison showed for this study that the virtual screen had a 1,700-fold increase
in hit rate as opposed to random screening.

Multicomponent reactions
Multicomponent reactions (MCR) are generally defined as reactions with three or
more starting materials that react to form a product, where all or most of the
atoms in the starting materials form the newly formed product [117]. MCR’s are
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compiled in a convergent fashion where materials that make up the product are
reacted in a ‘one pot’ fashion whereas traditional synthetic routes are reacted in a
multiple sequential fashion, saving on time and considerable effort (Figure 11).

Figure11: Linear synthesis vs
. MCR synthesis
. Linear synthesis undergo 3 transformations to make
the final product whereas using MCR, the final product is assembled under 1 reaction.

In 1959, Ivar Ugi discovered a versatile four component reaction (Ugi-4CR) which he
later applied to develop the first medicinal chemistry application of MCR to the
anaesthetic Xylocaine in a single step synthesis [118]. As the molecule was
assembled in a versatile ‘one pot’ fashion, Ugi recognised that the reaction was
ideally suited to probe for structural activity relationships by generating a library of
compounds [119].
Diversity orientated synthesis
MCR’s fulfil a unique niche in the synthesis of a library of compounds and the
follow-up in the biology association in the drug development process. MCR’s
provide many benefits; first, it provides a high compound to synthetic effort ratio. A
3CR with 10 different variants of each component will yield 1000 compounds in a
full matrix of combinations. Secondly, compounds synthesized are relatable within
the matrix yielding structure activity relationships (SAR). Lastly, positive hits yielded
from screening can form a starting point for a more focused library.
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Natural product synthesis andmimetics
Between 1940 and 2012 in the area of anti-cancer agents, 48% of all cancer drugs
were either from natural products or derived from natural products [120]. The
marine natural product Trabectedin (Yondelis) isolated from the sea squirt
Ecteinascidia turbinate is approved by the EMA while also under FDA priority review
following Phase 3 randomized, open-label study ET743-SAR-3007 for the treatment
of soft tissue sarcoma. Pico to sub-nano molar activity together with scarcity from
the low yield of harvest prompted Corey et al. to design the first total synthesis of
Trabectedin [121]. Endo et al. later synthesized this molecule through Ugi four
component reaction accessing the potent anti-tumour drug and giving access to its
analogues (Figure 12), demonstrating the versatility of MCR in complex molecule
synthesis [122].

Figure12: Schematic of the synthesis of Trabectedin using Ugi
-4CR.The 4 component Ugi Reaction
is used to synthesize the Trabectedin intermediate above required for the synthesis of Trabecetin
[122].

Rigidins have been reported to have anti-cancer activity. The Rigidins are isolated
from the tunicate Eudistoma cf. rigida but low extraction yields from natural
resource have limited further investigations for their development [123]. Frovlova
et al. synthesized Rigidins A, B, C and D using a one pot 3CR in four steps obtaining
overall yields of 61% for A, 58% for B, 60% for C, and 53% for D. (Figure 13) [124].
The one pot synthesis led to the accessibility of over 40 analogues of rigidins which
possess sub-nanomolar activity against human cancer cells [123].

40

Figure13: 3CR multicomponent reaction for the synthesis of rigidi
ns [124].

Application in industry
Teleprevir (Incivek®) was approved by FDA in 2013 as an Hepatitis C Virus N3
protease inhibitor for the treatment of hepatitis C viral infection. The first reported
synthesis of Teleprevir involved a more than 20 linear step synthesis method that
required peptide chemistry [125]. The bicyclic proline moiety required nine steps to
form the racemic mixture which is then further purified by chiral HPLC
chromatography. This is a lengthy and expensive synthetic method.
Orru and Ruijter et al. from the VU University Amsterdam developed a synthesis
employing the use of two MCR’s, Ugi-3CR and Passerini-3CR with a biocatalyst for
the enzymatic desymmetrization by means of monoamine oxidase-N (MAO-N) from
Aspergillus niger (Figure 14). A total of 11 steps is in the production of Teleprevir,
increasing productivity from a 24 steps to an 11 step synthesis method [126].
Optimisation of this drug synthesis method significantly reduced the cost, making
the drug more readily available for the wider world population.
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Figure14: Telaprevir structureand MCR layout
. Ugi-3CR used carboxylic acid, cyclic imine and
isocyanide. Carboxylic acid obtained from standard peptide synthesis, cyclic imine obtained from
enzymatic oxidation of commercial starting material by MAO-N. Isocyanide obtained in 3 steps from
starting material with the key Passerini-3CR [126].

1st generation Drug design
In order to develop novel compounds based on the pharmacophore derived from
the initial screening, a synthetic plan was initiated. Analysis of the structures of 1-3
revealed a number of common features that are present in these molecules (Figure
16). All of the hit compounds possess a heteroatom nucleus, each compound has an
amide bond and finally each compound also possess a weak acid group. These are
joined by 2 linkers that are 1-2 atoms sp3 hybridised and 4 atoms that are sp2
hybridised. On further analysis of the hit compounds, compounds 2 and 3 differ in
their electronic nature, suggesting that activity can be regulated based on the
substituent on the weak acid moiety. In this chapter we describe a range of novel
compounds which vary in the electronic nature of this weak acid moiety. The
compounds are also screened for activity as FcγRIIa antagonists. The results of the
biological activity tests are also presented in this chapter.
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Figure15: Screened compound
s from vHTS.3 compounds chosen from initial screen had shown to
have biological activity and used as a template for next generation of antagonists.

Figure16: Summary pharmacophore.From the 3 most potent compounds screened, 5 features
inherent in all compounds were identified. A heteroatom nucleus connected by 1-2 sp3 linker, an
amide bond and 4 sp2 linker to an acidic moiety.

Novel one pot chemistry recently developed ‘in house’ could be applied to this
model pharmacophore [127-130]. The one pot chemistry (Figure 17) possessed high
versatility and efficiency generating the heteroaromatic nucleus in not only high
yields but with the freedom from purification. The type of chemistry allowed the
incorporation of group R1-3 (Figure 17) in a range of electronic nature and further
incorporation of heteroatoms in the molecule. It was envisaged that the acid from
the one pot chemistry would be easily coupled with a hydrazide derivative to
complete the pharmacophore model in a very efficient and robust synthetic
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pathway. The overall scheme for the compounds synthesized in this chapter is
presented in Scheme 1.

Figure17: One-pot synthesis of 3-heteroarylpropionic acidsand 4-nitroisoxazol-5-ethanyl
compounds. Isoxazole reacted with aldehyde forming an electrophile for which the indole core
reacts. The reaction is robust and flexible for access to a multitude of products
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Scheme1: 1st generation synthesis scheme
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Results
Chemical synthesis
With the hypothesized pharmacophore our initial retrosynthetic plan followed a
parallel synthesis outlined in Figure 18 which shows that the final compound can be
broken into two synthetic feasible components. The indole scaffold can be obtained
via the one pot synthesis developed ‘in house’[131] while the hydrazide can be
obtained via a simple condensation with a salicylaldehyde derivative however the
two components cannot be joined by any of the standard coupling agents (DCC,
CDI, EDC or together with a coupling additive HOBT).

Figure18: 1st generation parallelretrosynthesis. Indole propionic acid synthesized in a one-pot
fashion which is hypothesized to be coupled with the hydrazide formed from the condensation of a
desired aldehyde with hydrazine.

This later led to a slightly revised synthetic plan Scheme2, where we successfully
processed through a serial addition of the functional groups to obtain the desired
products. The indole propionic acid is esterified to act as a leaving group upon
nucleophilic addition of the hydrazine which can be easily condensed with an
aldehyde to give the products. As the compound building block indole propionic
acid can be furnished using a one pot procedure in high yields, the total synthesis of
the desired compounds can be obtained in 4 steps with only one flash
chromatography purification.
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Scheme2: 1st generationƐǇŶƚŚĞƐŝƐ͚KŶĞ
-ƉŽƚ͛ŝŶĚŽůĞƉƌŽƉŝŽŶŝĐĂĐŝĚƐĐĂĨĨ
. Indole
propionic acid (A) synthesis method developed prior within research group [129]. Methylation of
indole acid with methyl iodide and DBU yielded indole methyl ester (B). Indole hydrazone derivative
(C) yielded upon reacting with hydrazine monohydrate. Condensation with appropriate aldehyde
yielded final product.

With the synthesis from Scheme2, the racemic A is synthesized with a 78% yield,
followed by esterified and flash chromatography producing B with a 70% yield.
Reflux of B with excess hydrazine followed by complete removal of solvent yield
product Cwith a 50% yield. Final products yield is reported in Table 5
Table5: 1st generation synthesized percentage
yield. Compounds synthesized influenced by
electronic configuration and steric factor

Yield

MT-22

MT-26

MT-28

MT-29

MT-30

MT-31

MT-33

MT-34

MT-40

54%

80%

30%

32%

23%

20%

86%

30%

38%

%
R3
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In vitro screening of 1st generation compounds
From the developed synthetic methodology, 9 compounds in total were
synthesized with various electronegativity and sizes. This series was synthesized as
proof of concept of the hypothesized pharmacophore and scaffold. The screening is
based on a 96 well assay, where the IgG is fixed to the well of the plate and blocked
with Bovine serum albumin (BSA). Platelets incubated with the synthesized
compounds are then added to the 96 well plate, incubation of platelet compound
mixture is followed by repeat washing of the 96 well plate to remove non adhered
platelets. Platelet adhesion to IgG is measured. The degree of platelet binding is
directly correlated to the degree of the synthesized compound activity.
As the assay is high throughput, the use of the 96 well assay was used as a primary

% Platelet adhesion to IgG

screening for the selection of candidates.
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Figure19: Effect of 1st generation compounds (100µM) on platelet adhesion to immobilized IgG.
96
well Adhesion assay. Wells coated with IgG followed by incubation with compounds at 100µM in
activated wash platelet 3x108/ml solution. Adhered platelets measured using a chromogenic alkaline
phosphatase assay and read at absorbance 405nm using Wallac spectrometer. MT-22 and MT-34
were non-significant while all other compounds statistically significant inhibited platelet adhesion to
IgG (Repeated Measures ANOVA analysis on all data gave p values < 0.0001. (**) showed statistical
difference of p <0.01 for Dunnett Multiple Comparisons Test comparing control and platelets
incubated with compounds to the DMSO controls). MT-26 (26 ± 12), MT-28 (46 ± 7), MT-29 (40 ±
14), MT-30 (40 ± 14), MT-31 (18 ± 0.9), MT-33 (33 ± 16), MT-40 (36 ± 19) Data expressed as mean %
adhesion ± SEM from 3-4 separate experiments.
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Using the Primary high throughput screen
IC50 dose response curves was generated
for the
remaining7 compounds.
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Figure20: IC50 first generation: IC50 curve generated from adhesion assay data with GraphPad
Prism.
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Adenine di-Phosphate (ADP) is an important agonist which activates platelets
through 3 purinergic receptors, namely P2Y1, P2Y12 and P2X1 [132]. It is shown in
patients with storage pooled disease, a defective ADP receptor disease that causes
excessive bleeding in patients that ADP is important in the haemostasis and
function of platelets.
The compounds were tested in ADP induced platelet aggregation (Figure 21) to
determine if the compounds inhibit platelet function by interference of the ADP
induced pathway which is required for the haemostasis and function of platelets.
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Figure21: Effect of 1st generation compounds(100ʅM) on ADP inducedplatelet aggregation:
Compounds synthesized tested in ADP induced aggregation in PRP at 100µM concentration. All
compounds failed to produce 50% inhibition towards ADP induced aggregation. One-way ANOVA
analysis on all data gave p values 0.0729. Test comparing control and platelets incubated with
compounds.
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Heat agglutinated IgG (HAIgG), is an aggregated IgG complex that mimics the
immune complex that is formed in autoimmune disease. HAIgG is an Fc-specific
agonist that interacts with FcγRIIa causing a signalling cascade. Since the only Fc
receptor expressed on platelets is the FcγRIIa receptor, Platelets makes an ideal
biological tool to test the compound inhibition of a specific agonist to the FcγRIIa
receptor. Three compounds (MT-22, MT-34 and MT-40) failed to produce 50%
inhibition (Figure 22).
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Figure22: Effect of 1st generationcompounds(40µM) inhibition on HAIgGinduced platelet
aggregation. Compounds synthesized and tested against a functional assay to support HTS data.
HAIgG is FcγRIIa dependent thus was selected. Data expressed as mean aggregation ± SEM from 3
separate experiments. One-way ANOVA analysis on all data gave p values <0.0001. Stars (**)
indicate statistical difference of p <0.01 for Dunnett Multiple Comparisons Test comparing control
and platelets incubated with compounds.
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Another secondary functional assay, S. aureus is implicated in infectious diseases
that require FcγRIIa in its underlying pathology. Compounds were tested to inihibit
S. aureus induced platelet aggregation, at a concentration of 100µM only MT-30
produced at least 50% inhibition (Figure 23).
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Figure23: Effect of 1st generationcompounds (100µM) onS.aureusinduced platelet aggregation
in PRP.S. aureus induced aggregation was selected as an alternative functional assay. Data
expressed as mean aggregation ± SEM from 3-5 separate experiments. One-way ANOVA analysis on
all data gave p values 0.1201.
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Discussion
9 inhibitor candidates in total were synthesized varying in electronic nature to
determine the electronic effects on biological activities. 8 compounds had an
average purity of >90% and one at >75%. Reported yield of the main scaffold
compound is 79%. Conversion from the precursor of the desired compounds is 50%
and 70% yields thereafter. We have confirmed the pharmacophore and the
chemistry employed to synthesize the novel chemical entities and that compounds
synthesized are able to inhibit the FcγRIIa receptor by being able to inhibiting the
only activating Fc receptor on platelets in the functional assay.
Analysis of the IC50’s of the compounds from
Table 6 showed that any electron withdrawing groups on the weak acid compounds
MT-28 and MT-33 impart greater biological activity. Adding an electron donating
group does not improve biological activity as indicated for compound MT34.Comparing MT28 and MT-29 reveals that the para chloro to the phenolic
hydroxyl group increases activity as opposed to the ortho chloro. A Comparison of
MT-26 and MT-40 reveals that the hydroxyl group part takes in activity. MT-30 and
MT-31 reveals that an extra hydroxyl group increases activity relative to MT-22 but
a hydroxyl group at the ortho position to the phenolic hydroxyl group imparts
greater biological activity.
Table6: First generation IC
Table depicts relative relationship between
50 from adhesion assay.
structure and activity.
MT-22

MT-26

MT-28

MT-29

MT-30

MT-31

MT-33

MT-34

MT-40

>100µM

46µM

10.9µM

42µM

34.5µM

6.5µM

11.2µM

>100µM

63µM
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Variation in the activity of the first generation of candidates can be attributed in
part to the pKa value of the phenolic hydroxyl group. Electron withdrawing groups
or groups that can delocalize the electrons (pi systems, conjugated systems)
imparts a greater acidity of the phenolic hydroxyl group. Groups that induces a
mesomeric effect or destabilises the phenolic ring decreases the acidity of the
phenolic OH group (Table 7).
Table7: pKa of Substituted Phenol equivalent:Table shows pKa value of substitution of phenol and
the effect the substituents on the hydroxyl group.
MT-22

MT-26

MT-28

MT-29

MT-30

MT-31

MT-33

MT-34

MT-40

>100µ

46µM

10.9µ

42µM

34.5µ

6.5µM

11.2µ

>100µ

63µM

M

M

7.15

10.21

M

pKa

9.98

M

9.51

9.38

M

8.56

9.96

9.25

NA

To show that the candidates do not affect platelet function, the compounds
synthesized were tested for inhibition of high dose ADP induced aggregation at
100µM. As none of the compounds inhibited, this suggest that the prolonged
bleeding that is associated with many of the current antiplatelet drugs is unlikely to
occur.
FcγRIIa receptor can be activated via aggregated forms of IgG. MT-22, MT-34 and
MT-40 showed no activity in inhibition of HAIgG induced aggregation while 6 other
compounds showed activity at 40µM. Analysis of the structures shows that
substituents with electron withdrawing groups play an important role in in the
inhibition of the FcγRIIa receptor site.
S. aureus historically has been shown be one the most virulent pathogens in
infections and diseases. Studies have shown FcγRIIa is required for S. aureus to
54

induce its pathological response. Of the 9 compounds synthesized, only MT-30 has
consistently inhibited S. aureus.
In conclusion, 9 compounds were successfully synthesized and confirmed the
pharmacophore. We focused on the weak acid group, varying the electronic nature
and size and it was deduced that by increasing electron withdrawing groups on the
weak acid pharmacophore group, we see an increase in activity along with
inhibition of HAIgG induced aggregation was obtained. We also showed that the
extra hydroxyl group on the ortho position played a part in the inhibition of S.
aureus induced aggregation and furthermore that none of the compounds inhibited
ADP induced aggregation. It can be concluded from the activity of the compounds
that by increasing electron withdrawing groups on the weak acid group it may be
possible to increase activity. The next generation of compounds should incorporate
either multiple withdrawing groups and/or modify the proposed pharmacophore to
further increase activity.
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Chapter 3

The Second Generation
Derivatives
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Introduction
Drug optimization
With todays current model for drug discovery, looking to develop drugs in a
methodically manner where we can increase the occurence of making a drug
discovery has changed along with the increased passing of time. As our
understanding of drug interactions develop and with the ever new emerging
technology advances and concepts, our way to develop new drugs has also evolved
along with it. Historically drugs were discovered serendipiously and these often had
undesired adverse effects. With current understanding of mechanistic interactions
at a cellular level, drugs that demonstrate these adverse effects can possibly be
reduced or even eliminated by chemically modifying the underlying interaction of
the drugs that induce the adverse effects.
Having proved the validity of the scaffold of the first generation and the
pharmacophore, we set out to improve the activity of the set by deriving
relationships between the molecules in the set and identified areas where possible
small changes might incur an improvement in activity.
Quantitative structure–activity relationship (QSAR) is a quantitative relationship
between biological activity and the geometric and chemical characteristics of a
molecular system. Drawing conclusions from the 1st generation, we concluded from
the 1st set of compounds that electronic properties affect activity. It is observed
from the 1st set of compounds that increasing the electron withdrawing group
effect on the phenolic ring increases activity.
In the 2nd generation we investigated the electronic nature of the phenolic ring. We
added more electron withdrawing groups at ortho and para positions to the
phenolic OH. Another tweak to the scaffold investigated was the substitution of the
R3 group to modify the electronic nature of that group in order to determine if
substitution at the heteroatom would further increase the activity of the next
generation (Figure 24).
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Figure24: Indole core with proposed probes in biological activity
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Rational design
Looking at the data set from the first generation of compounds it was noticed that
the electronic nature of the phenolic ring affects the activity. Keeping the core
scaffold of one pot indole synthesis, features that were considered to be included in
the next generation of compounds:
1. Addition of increasing electron withdrawing group to the phenolic ring
x Using wider range of electronic withdrawing groups
x Multiple electron withdrawing groups.
2. Modulation of the electronic nature of the phenyl ring and changing to a
heterocycle.
3. Reduction of the imine.
The overall schematic for the synthesis of second generation compounds is
presented in Scheme 3.

Figure25: 2nd generation rational design
.
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Scheme3: Schematic overv
iew of synthesis of 2nd generation compounds.
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Results
Chemical synthesis
Synthesis of the second generation followed the outlined route in Scheme 4. The
diversity and amenability of the one-pot methodology is further exemplified
through the synthesis of the second generation. With the simple substitution of R 1,
following the serial synthetic pathway of (Scheme 4), Racemic A is esterified to B by
esterification of the acid with methyl iodide and DBU. Reaction with hydrazine
afforded C. The condensation of C with an appropriate aromatic aldehyde yielded
the product. A sample set of product D is reduced with sodium cyanoborohydride
yielding product E. A summary of the R1 substituted intermediates is presented in
Table 8.

Scheme4: Second generation synthesis
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Table8: 2nd generation intermediates
. Results from the sequential addition synthesis from adduct
A yielded products B and C.

Name

R1

Yield B

Yield C

2-furyl

52%

30%

Para-chloro

58%

51%

Para-methoxy

68%

61%

The condensation of the para-methoxy hydrazone derivative with the
salicylaldehyde possessing substituent of R2 and R3 yielded the final product. (Figure
26) (Table 9).

Figure26: 2nd generation para methoxy R1 general structure.Effects of R2 and R3 substituents on
the biological activity.
Table9: 2nd generation para methoxy derivative.Results from adduct C intermediate with the paramethoxy substituent were condensed with appropriate aldehyde yielding products with R2 and R3 as
summarized below.

Name

R2

R3

% Yield

Colour

MT-55

-NO2

-NO2

72

Orange

MT-56

-Cl

-Cl

38

White

MT-57

-Cl

-Br

54

Yellow

MT-58

-I

-I

54

Yellow

62

MT-59

-Br

-H

48

Yellow

MT-60

-H

-OH

78

White

MT-61

-OH

-H

61

white

The condensation of the para-chloro hydrazone derivative with the salicylaldehyde
possessing substituent of R2 and R3 yielded the final product (Figure 27) (Table 10).

Figure27: 2nd generation para chloroR1 general structure. Effects of R2 and R3 substituents on the
biological activity.
Table10: Summary of2nd generation para chloro derivatives. . Results from adduct C intermediate
with the para-chloro substituent were condensed with appropriate aldehyde yielding products with
R2 and R3 as summarized below.

Name

R2

R3

% Yield

Colour

MT-70

-Cl

-Cl

57

White

MT-71

-NO2

-NO2

88

Orange

MT-72

-Cl

-Br

10.5

Yellow

MT-73

-I

-I

49.5

Yellow

MT-74

-Br

-H

57

Yellow

MT-75

-H

-OH

32

White

MT-76

-OH

-H

23.5

White
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The condensation of the 2-furyl hydrazone derivative with the salicylaldehyde
possessing substituent of R2 and R3 yielded the final product (Figure 28) (Table 11).

Figure28: 2nd generation 2-furyl R1 general structure. Effects of R2 and R3 substituents on the
biological activity.
Table11: Summary of the2nd generation 2-furyl derivatives. Results from adduct C intermediate
with the 2-furyl substituent were condensed with appropriate aldehyde yielding products with R 2
and R3 as summarized below.

Name

R2

R3

% Yield

Colour

MT-80

-Cl

-Cl

80

White

MT-81

-NO2

-NO2

80

Orange

MT-82

-Cl

-Br

94

Light yellow

MT-83

-I

-I

70

Light yellow

MT-84

-Br

-H

75

White

MT-85

-H

-OH

34

White
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The effect of the imine reduction on bioactivity was also explored. Following the
methodology in Scheme 4, condensation of para-chloro hydrazone derivative with
the salicylaldehyde possessing substituent of R2 yielded final precursor (Figure 29)
(Table 12)

Figure29: General indole 4
-chloro benzyl derivative
Table12: Imine reduction precursor derivatives.

Name

R2

% Yield

Colour

MT-90

-Cl

72

White

MT-91

-NO2

37

White

Reduction of MT-90 and MT-91 with sodium cyanoborohydride affording the
reduced imine product depicted in Figure 30 and Table 13 below.

Figure30: General structure of indolereducedimine derivative.
Table13: Imine reduction derivatives. Imine reduction with sodium cyanoborohydride of MT-90
and MT-91 yielded the products MT94 and MT95.

Name

R2

% Yield

Colour

MT-94

-Cl

-

White

MT-95

-NO2

-

White
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In vitro screening
Initially compounds were screened for their effects in a platelet adhesion assay to
IgG. The compounds were tested at both a high and a low dose. All compounds
demonstrated inhibition at 100 µM (Figure 31). MT-59, 60, 61, 74, 75, 76, 84, 85,
90, 91 and 95 also inhibited at the lower dose of 10 µM; MT-59 (2.2% ± 1.1), MT-60
(10.3% ± 4.4), MT-61 (10.9% ± 6.4), MT-74 (4.7% ± 2.4), MT-75 (3.8% ± 1.4), MT-76
(1.5% ± 1.5), MT-84 (1.8% ± 1.8), MT-85 (6.3% ± 2.7), MT-90 (2.6% ± 2.6), MT-91
(0.74% ± 0.74), MT-55 (15.5% ± 4.8). None of the compounds inhibited ADP induced
aggregation (Figure 32). MT59, 60, 61, 74, 76, 84, 85, 90, 91 and 95 also inhibited
Heat agglutinated IgG induced platelet aggregation in washed platelets (Figure 33).
MT76, 84 and 85 were further assessed in dose response assays. They had similar
potency in the platelet adhesion assay (MT76, IC50 1.6µM, 95% CI 0.57 - 4.7µM;
MT84, IC50 2 µM, 95% CI 0.83 – 4.9µM, MT85, IC50 2.2µM, 95% CI 1.31 – 4.2) (Figure
35).
A dose response to HAIgG induced platelet aggregation gave IC50 (MT76, IC50
6.8µM, 95% CI wide; MT84, IC50 7.3µM, 95% CI wide, MT85, IC50 2.3µM, 95% CI 1.3
– 4.0) (Figure 36).
A dose response to S. aureus induced platelet aggregation gave IC50 (MT76, IC50
4.2µM, 95% CI 2.1 – 8.2; MT84, IC50 7.3µM, 95% CI 2.8 – 11.1µM, MT85, IC50 2.3µM,
95% CI 1.2 – 3.3) (Figure 37).
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Figure31: Effect of 2nd generation compounds (100µM & 10
µM) on platelet adhesion to
immobilized IgG. 96 well Adhesion assay. Wells coated with IgG followed by incubation with
compounds at 100µM and 10µM in activated washed platelet 3x108/ml solution. Adhered platelets
measured using a chromogenic alkaline phosphatase assay and read at absorbance 405 nm using
Wallac spectrometer. All compounds statistically significant at 100µM and all compounds at 10µM
except MT-80 and MT-81 were statistically significant inhibiting platelet adhesion to IgG (Repeated
Measures ANOVA analysis on all data gave p values < 0.0001. MT-80 and MT-81 non-significant, MT71 p <0.05 and all other compounds showed statistical difference of p <0.01 for Dunnett Multiple
Comparisons Test comparing control and platelets incubated with compounds to the DMSO
controls). Compounds MT-59 (2.2% ± 1.1), MT-60 (10.3% ± 4.4), MT-61 (10.9% ± 6.4), MT-74 (4.7% ±
2.4), MT-75 (3.8% ± 1.4), MT-76 (1.5% ± 1.5), MT-84 (1.8% ± 1.8), MT-85 (6.3% ± 2.7), MT-90 (2.6% ±
2.6), MT-91 (0.74% ± 0.74), MT-55 (15.5% ± 4.8) (n=3, SEM) inhibited at 10µM.
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Figure32: Effect of 2nd generation compounds (100µM) on
ADP-induced platelet aggregatio
n.
Compounds synthesized tested in ADP-induced platelet aggregation in PRP at 100µM concentration.
Data expressed as mean aggregation ± SEM from 3-4 separate experiments. Repeated measure
ANOVA analysis on all data gave p values 0.9176. All compounds showed statistical difference of p
>0.05 for Dunnett Multiple Comparisons Test comparing control and platelets incubated with
compounds to the DMSO controls.
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Figure33: Effect of second generationcompounds (20µM)on Heat agglutinated IgGinduced
platelet aggregation. Compounds synthesized were tested against a functional assay to support HTS
data. Platelet aggregation was stimulated with 10 mg/ml HAIgG in washed platelets supplemented
with 10 mg/ml fibrinogen and 2 mM Ca2Cl. All compounds were tested at 20 µM. Data expressed as
mean aggregation ± SEM from 3 separate experiments. Repeated measures ANOVA analysis on all
data gave p values <0.0001. Stars (*) indicate statistical difference of p <0.05, (**) indicate statistical
difference of p <0.01 for Dunnett Multiple Comparisons Test comparing control and platelets
incubated with compounds.
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Figure34: Effect of second generation
compounds onS.aureusinduced platelet aggregation in
PRP. Compounds were screened at a concentration of 100 µM. Data expressed as mean aggregation
± SEM from 3-4 separate experiments. One-way ANOVA analysis on all data gave p values <0.0001.
Stars (**) indicate statistical difference of p <0.01 for Dunnett Multiple Comparisons Test comparing
control and platelets incubated with compounds. Compounds MT-76 (27.3 ± 19.3), MT-84 (1.3 ± 0.8)

% Platelet adhesion to IgG

and MT-85 (29.0 ± 13.0) produced at least 50% inhibition.
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Figure35: Dose response ofsecond generation compoundson platelet adhesion toimmobilized
IgG. 3 compounds that inhibit S. aureus were selected for more in-depth analysis. Wells coated with
IgG followed by incubation with compounds in activated wash platelet 3x10 8/ml solution. MT76, IC50
1.6 µM, 95% CI 0.57 - 4.7 µM; MT84, IC50 2 µM, 95% CI 0.83 – 4.9 µM, MT85, IC50 2.2 µM, 95% CI
1.31 – 4.2.
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Figure36: Dose responseof second generation on HAIgGinduced wash plateletaggregation.
Selected compounds were subjected to a dose response to HAIgG induced platelet aggregation to
determine IC50. MT76, IC50 6.8 µM, 95% CI wide; MT84, IC50 7.3 µM, 95% CI wide, MT85, IC50 2.3
µM, 95% CI 1.3 – 4.0.
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Figure37: Dose responseof second generationcompounds onS. aureusinduced wash platelets
aggregation. Dose response to S. aureus induced aggregation in wash platelets. MT76, IC50 4.2 µM,
95% CI 2.1 – 8.2; MT84, IC50 7.3µM, 95% CI 2.8 – 11.1 µM, MT85, IC50 2.3 µM, 95% CI 1.2 – 3.3.
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Figure38: Effect of plasma on MT
-84 in bacteria induced platelet aggregation
. Dose response of
MT-84 to inhibit E.coli K12 strain in washed and plasma rich platelet aggregation. MT-84 WP IC50
31uM 95% CI 13 to 72µM.

72

Discussion

24 Compounds were synthesized for the second generation derivatives. The focus
on this was to see if the electronic nature of R1 or the heteroatom of R1 regulated
activity. Another approach was to see if the imine bond affected activity. As seen in
the 1st generation, increasing the electron withdrawing group effect on the R2 and
R3 position was shown to increase activity so the focus of this generation was to
change the heteroatom at R1, regulate electronic nature of R2 and R3, and the
reduction of the imine bond.
The initial screen of the 24 compounds with a platelet adhesion assay (Figure 31)
was at 100µM and 10µM. Of the 24 compounds screened, 13 were selected to
undergo further functional testing. Cut-off for selection was based on significant
platelet adhesion inhibition at 10µM; adhesion inhibition of any compounds equal
or poorer than MT-73 were discarded as >50% of compounds showed superior
activity of 80% to 100% inhibition of platelet binding to IgG, whereas MT-73
showed 60% inhibition and others performed significantly poorer. MT-94 and MT95 were selected for the effect of the imine reduction on functional testing.
From the 24 compounds, the eliminated compounds showed that increasing the
electron withdtrawing groups further to the phenolic ring further decreased the
activity in the platelet adhesion assay and that multiple substitutions on the
phenolic ring decreased activity.
The functional testing of HAIgG induced aggregation as a model for autoimmune
diseases has shown that of the 13 compounds tested, MT-94 and MT-75 failed to
inhibit HAIgG induced aggregation. The properties these two compounds have in
common are that they both possess a para chloro aromatic ring on the R1
functional group.
The functional testing of S. aureus induced aggregation for bacterial infection
model showed that of the 13 compounds, MT-76, MT-84 and MT-85 are the only
compounds that inhibited S. aureus induced aggregation. A difference in activity
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was observed between plasma rich platelet and wash platelet induced aggregation
(Figure 38). Human serum albumin accounts for 35-50% of serum protein
suggesting plasma protein binding of the compounds in vitro.
Of the 3 compounds that showed activity against S. aureus, IC50 was determined
(Table 14) for MT-76, MT-84 and MT-85 in the adhesion and functional testing
which also showed a good correlation between the inhibition activities among the
various tests which confirms the activity of the compounds synthesized
Table14: IC50 overview of 3 selected compounds.
IC50 generated for 3 compounds from dose
response assays.

MT-76

MT-84

MT-85

1.6µM

2µM

2. µM

HAIgG agg. IC
50

2.3µM

7.3µM

6.8µM

S.aureusagg IC50

2µM

5.6µM

4.2µM

Adhesion assay
IC50
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Chapter 4

The Third Generation
Derivatives
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Introduction
The concept of isosteres was first considered by James Moir in 1909. In 1919
experimental observation of the chemical behaviour of atoms and groups with the
same number of valence electrons by Langmuir coined the term ‘isostere’ which
was then progressed further by H. G. Grimm forming the empiric hydride
displacement law [133-135]. This was later expanded to include compounds with
similar reactive outer shells e g. hydrogen and fluorine both are similar in size and
when both are ionized have similar reactive shells, .i.e. hydrogen has zero and
fluorine a full valence shell.
In the 1930’s, Erlenmeyer extended the term to biological systems where
structurally distinct chemicals are recognised similarly by biological systems.
Erlenmeyer showed that antibodies were unable to distinguish between modified
antigens of thienyl and phenyl, NH, O and CH groups by chemical modifications of
proteins [136]. The term ‘bioisostere’ was first coined by Friedmen who correlated
isosteres with biological activity whether through agonistic or antagonistic activity
accepting that compounds may be isosteric but not necessarily bioisoteric.
Thornber later further refined this to molecules or groups or sub units with similar
physicochemical properties that induce a similar biochemical response [135].

Bioisosteres
Bioisosteres are often less structurally similar but eliciting same biological effects
thus a bioisostere for a particular setting would not necessarily translate to another
setting, therefore each circumstance requires a careful tailoring of selection when
choosing an isostere for any particular circumstance. Introduction of bioisosteres
often associates with changes in the physicochemical properties of a drug candidate
that can bring either advantages or disadvantages that depend on the introduced
bioisostere size, shape, electronic distribution, polarizability, dipole, polarity,
lipophilicity, and pKa that can potentially contribute to the drugs biological activity
[136].
The application of bioisosteres in drug discovery is a fundamental tactical approach
in addressing different aspects of a drug candidate that can modify its
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pharmacodynamic and pharmacokinetic profile; improving potency, altering
physical properties, controlling metabolite formation, eliminating toxic side effects
and acquiring novel intellectual property.
Toxicity
Aminopyrine was first marketed as an analgesic in 1896 but it was not until 1922
that it was discovered that it was carcinogen. In 1951, Roche developed
propylphenazone by removing the dimethyl amino group and replacing it with a
bioisoteric equivalent, preventing the possible formation of dimethylnitrosamine
thus removing its carcinogenic properties (Figure 39).

Figure39: Bioisostere modification to eliminate carcinogenic properties
. Dimethyl amino substitute
is modified to isopropyl group removing carcinogenic activity.

Potencyand metabolism
Hydrogen and fluorine interchanges are often used in medicinal chemistry as
isosteres, which can affect a wide range of properties. Hydrogen and fluorine have
similar radii. The property of fluorine being high electronegativity can help
modulate the acidity and basicity of a molecule when exchanged with hydrogen
(Figure 40).
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Figure40: Hydrogen and Fluorine Van der Waal radius

Potency
As the Carbon-Fluorine interaction is highly polarised due to fluorine being highly
electronegative. Therefore, adding fluorine can induce certain conformations via
intramolecular electrostatic forces. This is the case with the calcitonin gene-related
peptide (CGRP) receptor antagonist where the fluorine isostere induces
conformational changes [137] (
Figure 41).

Figure41: Fluorine isostere in inducing conformation
al change[137].

Metabolism
In the case of Ezetimib, the site of labile metabolism was overcome by substituting
hydrogen with fluorine at the labile sites. The fluorine-carbon bond is the strongest
bond in organic chemistry, thus reducing the metabolic degradation at the labile
metabolic sites [138] (Figure 42).
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Figure 42: Fluorine isosteres in metabolism protection[138]. Metabolically labile sites (cyan) in the
lead compound overcamed by inclusion of fluorines in the Ezetimib compound structure (yellow)
which prevented metabolic degradation, reducing the effective therapeutic dose for 50% of the
population (ED50) of the drug.

Application of bioisosteres
Combretastatin A-4 isolated from the African bush willow (Combretum caffrum) is
the active component of combretastatin A-4 phosphate (fosbretabulin).
Combretastatin A-4 is a vascular disrupting agent that targets tubulin
polymerization in tumour cells leading to occlusion of tumour blood vessels causing
tumour cell necrosis. In 1999, Pinney et al. developed a benzothiophene derivative
based on Combretastatin A-4 which showed some activity against tubulin
polymerization that appeared to bind in the colchicine domain [139]. In 2002, Flynn
et al. improved on the work of Pinney et al. by developing bioisosteric analogues,
substituting the benzothiophene moiety with indole and benzofuran increasing
inhibition to tubulin polymerization and cell growth (Table 15) [140].
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Table15: Combretastatin A-4 based bioisosteric modification on tubulin polymerization.
Data from
Flynn et al. 2002 [140]
Compound

Inhibition of tubulin
polymerization IC50
(µM)

inhibition of
colchicine binding
(% inhibition)

inhibition of cell
growth, IC50 (nM)

2.1

91

11

3.4

21

520

1.6

54

45

1.3

80

42
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Heterocyclic ‘privileged structures’ in drugs
Heterocycles are often associated with drugs and are present in drugs that are
derived from natural products. Some heterocycles are more prevalent than others
which are termed ‘privileged structures’. ‘Privileged structures’ are molecular
scaffolds that possess versatile binding properties that through modification of
their side groups can bind specifically and potently to a wide range of biological
targets [141].

Indoline
Indoline is a universal scaffold found in the structures of several naturally occurring
bioactive alkaloids such as vinblastine, vincristine, strychnine, (–)-physostigmine,
ajmaline, and (+)-aspidospermidine and the incorporation of this “privileged
structure” in designing new drugs is a significant strategy in drug discovery (Figure
43).
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Figure43: The indoline substructure in drugs and natural products

Tetrahydroquinoline
Tetrahydroquinoline is a nitrogen based bicyclic ring that is a prominent scaffold
found in many approved drugs and naturally occurring compounds (Figure 44).
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Figure44: Tetrahydroquinoline substructure
s in approveddrugs.

Benzofuran
Benzofurans are an important class of heterocycles that are present in natural
products and many synthesized clinically approved drugs. Examples of some
approved drugs containing benzofurans are summarized in (Figure 45) below.

Figure45: Approved drugs incorporating enzofuran
b
substructures. Naturally occurring and
synthesized drugs that are clinically approved.
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Benzothiophene
Benzothiophene is a sulphur based bicyclic ring that is found within the chemical
structures of pharmaceutical drugs such as raloxifene, zileuton, and sertaconazole,
and also recreational drugs such as benocyclidine. Approved drugs containing
benzothiophene sub-structures are depicted in (Figure 46) below.

Figure46: Approved drugs containing benzothiophene subgro
ups
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Rational design
The 3rd generation of compounds is based on the 2nd generation of compounds.
From the 2nd generation of compounds, it was deduced that imine reduction did not
improve biological activity, while the 2-furyl group in certain candidate’s inhibited S.
aureus induced aggregation. Taking into account the features of the compounds
MT-76, MT-84 and MT-85, the indole core was targeted to be modified and the
effects of the modification on the biological activity assessed. A summary of the
compounds synthesised in the 3rd generation is presented in (Figure 47) below.

Figure47: 3rd generation general structure
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Results
1,2,3,4 tetrahydroquinoline and indoline derivatives

The synthesis of indoline and 1,2,3,4 tetrahydroquinoline derivatives via Michael
addition to the styryl isoxazole was unsuccessful. The secondary amine reaction to
styryl isoxazole proceeded but the hydrolysis of the styryl isoxazole core to form the
carboxylic acid led to a retro Michael addition and degraded products confirmed by
NMR. This reaction reverted back to the starting material, which was thought to be
due to the nature of the zwitterion product formed between the tertiary amine and
carboxylic acid (Figure 48).

Figure48: One-pot styryl isoxazole indoline core synthesis.
Michael addition of indoline to styryl
isoxazole led to indoline styryl isoxazole product. Attempted hydrolysis of styryl core led to retroMichael addition.
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Indoline styryl isoxazole was subjected to various bases to hydrolyse the isoxazole,
but to no avail, NMR did not show sign of product forming (Table 16).

Table16: Base hydrolysis of indoline
styryl isozazole.

Base

equivalent

Result

NaoH

5

degradation

NaOH

10

degradation

LiOH

10

degradation

CsOH

10

degradation

The degradation of the product is thought to be attributed to the zwitterion
formed; this prompted to bypass this intermediate by forming the ester in situ. The
formation of the ester in situ also failed to be isolated without any product
identified by NMR (Figure 49).

Figure49: Indoline in situ esterification. Indoline styryl isoxazole hydrolysed followed by attempted
esterification.
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This prompted us to find an alternative method to synthesize the desired product.
Tanaka et al. reported a ‘one pot MCR’ Mannich type reaction using trimethyl
borate as non-acidic iminium ion generator that also promoted the reaction by
acting as a dehydrating agent [142]. The product formed bypassed the zwitterion
product via the styryl isoxazole encountered earlier as an ester product (Figure 50).
This reaction was used to synthesise MT-184 and MT-185 (Table 17).

Figure50: Mannich reaction.Mannich MCR reaction using secondary amine, aldehyde and trimethyl
borate as a non-acidic iminium ion generator.
Table17: Mannich type product yielding MT
-184 and MT-185.

Compound

n

Yield %

Appearance

1

69.8

brown-yellow solid

2

33

brown yellow oil

MT-184

MT-185
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With the desired β-amino ester in hand, this proceeded to a straightforward
reaction with hydrazine to yield the final precursor (Figure 51) (Table 18).

Figure51: Mannich product reaction with hydrazine yielding
hydrazone product.
Table18: Indoline and tetrahydroquinoline hydrazone products.

Compound

n

Yield %

Appearance

1

42

White powder

2

86

White powder

MT-187

MT-188

89

Condensation of hydrazine derivatives, (MT187 & MT188), with the appropriate
aldehyde yielded the final products (Figure 52 & Figure 53) (Table 19 & Table 20).

Figure52: 1,2,3,4 tetrahydroquinlinegeneral structure offinal products.
Table19: 1,2,3,4 tetrahydroquinlinefinal products.

Name

R1

R2

% Yield

Appearance

Br

-H

89

White (s)

-H

-OH

87

White (s)

-OH

-H

95

White (s)

MT-220

MT-221

MT-222

90

Figure53: Indoline final product general structure.
Table20: Indoline final products

Name

R1

R2

% Yield

Appearance

Br

-H

89

White (s)

-H

-OH

70

White (s)

-OH

-H

74

White (s)

MT-223

MT-224

MT-225
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Benzofuran Derivatives
Benzofuran failed to react to become a Michael donor for the reaction with stryl
isoxazole yielding a degraded product as shown by NMR with no sign of product
formation, prompting for an alternative route to generate the derivatives (Figure
54) (Table 21).

Figure54: Benzofuran and styrylisoxazole reaction.Benzofuran failed to react with styryl isoxazole
to form the required intermediate.
Table21: Benzofuran reaction tostyryl isoxazole.

Base

Equivalent

Temperature

n-BuLi

1.1

-40oC

n-BuLi

2

-40oC

n-BuLi

1.1

-78oC

n-BuLi

2

-78oC

The strategy employed for the synthesis of the benzofuran derivative compounds
was to gain access to the propanoate derivative of benzofuran. The proponate
derivative was further retro synthesized via the access through the HornerWadsworth-Emmons synthesis with a later hydrogenation reaction. This led to the
requirement to synthesize the benzofuran ketone derivative that can be accessed
via the Rap Stoermer reaction (Figure 55).
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Figure55: Schematic of etrosynthesis
r
of benzofuran derivatives
.

Following a procedure reported by Yoshizawa et al. we prepared a solvent free RapStoermer reaction for the preparation of 2-benzoyl benzofuran derivatives which
led to a 98% yield of MT-196 (Figure 56) [143].

Figure56: Rap Stoermer reaction.
Salicylaldehyde and 2-Bromoacetophenone condenses to form
the 2-benzoyl Benzofuran in an improved solvent-less reaction.

With the 2-benzoyl benzofuran synthesized, 2-benzoyl benzofuran underwent a
Horner-Wadsworth-Emmons (HWE) reaction to form the E/Z propenoate
intermediates MT-226 (43% yield) (Figure 57).
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Figure57: Horner-Wadsworth-Emmons reaction. Nucleophilic addition of carbanion formed by
deprotonation of triethyl phosphonoacetate to the 2-benzoyl Benzofuran yields the desired
intermediate.

Hydrogenation of the HWE E/Z isomer product yielded the desired propanoate
intermediate product of MT-232 (53% yield) (Figure 58).

Figure58: Hydrogenationof MT-226 yields MT-232: The MT-226 double bond removed via
hydrogenation with hydrogen gas atmosphere to form MT-232.

MT-232 was then reacted with hydrazine to obtain MT-234 at 97% yield (Figure 59).

Figure59: Benzofuran hydraz
one derivatives.
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Condensation of hydrazine derivatives with the appropriate benzaldehyde yielded
the final products MT-235, MT-236 and MT-237, (Figure 60) (Table 22).

Figure60: Benzofuran general structure of final product.
Table22: Benzofuranfinal product derivatives.

Name

R1

R2

% Yield

Appearance

Br

-H

89

White (s)

-H

-OH

87

White (s)

-OH

-H

95

White (s)

MT-235

MT-236

MT-237

95

Benzothiophene Derivatives
As with the benzofuran, benzothiophene also failed to react with styryl isoxazole to
yield the desired intermediate (Figure 61) (Table 23).

Figure61: Benzothiophene reaction withStyryl isoxazole.
Table23: Benzothiophene reaction tostyryl isoxazole

Base

Equivalent

Temperature

n-BuLi

1.1

-40oC

n-BuLi

2

-40oC

n-BuLi

1.1

-78oC

n-BuLi

2

-78oC

As with the benzofuran synthesis for the 3rd generation candidates, the
benzothiophene derivative access to the desired compounds followed the same
strategy, accessing the benzothiophene derivative via its ketone intermediate.
Pouzet et al. reported the synthesis of a benzothiophene ketone via oxidation of
the benzothiophene alcohol. Lithiation of benzothiophene with benzaldehyde
generated MT-242 with a yield of 64% (Figure 62) [144].
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Figure62: Benzothiophene reaction with -chloro
4
benzaldehydegenerating MT-242.

MT-242 underwent a standard oxidation reaction with manganese dioxide yielding
a product in 29% yield (Figure 63).

Figure63: MT-242 oxidationusing manganesedioxide synthesized MT
-243.

Benzothiophene ketone was syused in the Horner-Wadsworth-Emmons reaction via
triethyl phosphonoacetate yielding the unsaturated propionate derivative MT-244
with a yield of in 97% (Figure 64).

Figure 64: Benzothiophene ketone
, MT-243 underwent a Horner-Wadsworth-Emmons reaction
generating MT-244.

Hydrogenation of the benzothiophene unsaturated propionate MT-244 yielded the
desired precursor MT-245 with a yield of 80% (Figure 65).
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Figure65: MT-244 hydrogenation of double bond.

Benzothiophene propanoate underwent the standard transformation with
hydrazine yielding the final precursor of MT-247 with a yield of 79% (Figure 66).

Figure66: Benzothiophene hydrozone intermediate by reaction MT-245
of
reaction with
hydrazine.
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Condensation of MT-247 with the appropriate benzaldehyde yielded the final
desired products summarized in (Table 24).

Figure67: Benzothiophene general structure of final product.
Table24: Benzothiophenefinal product derivatives.

Name

R1

R2

% Yield

Colour

Br

-H

78.6

White

-H

-OH

52

White

-OH

-H

22

White

MT-248

MT-249

MT-250

99

In vitro screening
IC50’s were generated by HTS platelet adhesion assay for the four series of
compounds. 1,2,3,4 tetrahydroquinoline final products MT-220, MT-221 and MT222 were more potent than the precursor MT-187 with IC50’s as follow: MT-220,
IC50 4.7µM, 95% CI 3.2 – 6.8, MT-221, IC50 8.0µM, 95% CI 2.7- 23.4, MT-222, IC50
1.8µM, 95% CI1.5- 2.0, MT-187, IC50 47.2µM, 95% CI16.8- 132.0 (Figure 68).
Indoline final products MT-223, MT-224 and MT-225 were more potent than the
precursor MT-188 with IC50’s as follow: MT-223, IC50 7.7µM, 95% CI 3.1 – 19.1, MT225, IC50 3.8µM, 95% CI 2- 7.3, MT-188, IC50 9.4µM, 95% CI1.0- 82.3. (Figure 69).
The benzofuran derivatives generated IC50 as follows: MT-235, IC50 2.8µM, 95% CI
1.1 – 7.2, MT-236, IC50 1.41µM, 95% CI 0.85- 2.3, with MT-237 being the most
potent compound from the 3rd generation, IC50 1.35µM, 95% CI 0.79- 2.3 (Figure
70).
Benzothiophene derivatives were the least potent of all the 3rd generation
compounds with IC50 as follows: MT-248, IC50 21µM, 95% CI 4.6 – 103, MT-249, IC50
8.5µM, 95% CI 2.8- 25, MT-250, IC50 8.1µM, 95% CI 3.2- 20 (Figure 71).
Indoline and 1,2,34 tetrahydroquinline compounds were tested for inhibition of
HAIgG induced aggregation. All compounds inhibited HAIgG induced aggregation at
45µM while only MT-222 and MT-225 inhibited aggregation at 4.5µM that is
consistent with the Platelet adhesion assay (Figure 72).
Benzofuran compounds were tested for inhibition of HAIgG induced aggregation.
All compounds inhibited HAIgG at 100 and 10µM while none inhibited at 1µM
(Figure 73).
Compounds were tested in S. aureus induced aggregation. IC50’s generated for the
1,2,3,4 tetrahydroquinoline derivatives: MT-220, IC50 64µM, 95% CI 10 - 412; MT221, IC50 96µM, 95% CI 2.9 - 320, MT222, IC50 35µM, 95% CI 24 – 50.2. (Figure 74).
Compounds were tested in S. aureus induced aggregation for the indoline
derivatives, provided the following IC50’s. MT-223, IC50 34µM, 95% CI 17 - 65; MT225, IC50 32µM, 95% CI 23- 43 (Figure 75).
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Benzofuran compounds were tested for the inhibition of S. aureus induced washed
platelet aggregation. All compounds inhibited S. aureus at 4µM (Figure 76).
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Figure68: IC50 from platelet adhesion assay for 1,2,3,4 tetrahydroquinoline series
. Wells coated
with IgG followed by incubation with compounds washed platelets (3x108/ml solution). Adhered
platelets measured using a chromogenic alkaline phosphatase assay and read at absorbance 405nm
using Wallac spectrometer. MT-220, IC50 4.7µM, 95% CI 3.2 – 6.8, MT-221, IC50 8.0µM, 95% CI 2.7-
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23.4, MT-222, IC50 1.8µM, 95% CI1.5- 2.0, MT-187, IC50 47.2µM, 95% CI16.8- 132.0.
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Figure69: IC50 from platelet adhesion assay for indoline series
. Wells coated with IgG followed by
incubation with compounds with washed platelets (3x10 8/ml solution). Adhered platelets measured
using a chromogenic alkaline phosphatase assay and read at absorbance 405nm using Wallac
spectrometer. MT-223, IC50 7.7µM, 95% CI 3.1 – 19.1, MT-225, IC50 3.8µM, 95% CI 2- 7.3, MT-188,
IC50 9.4µM, 95% CI1.0- 82.3.
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Figure70: Dose responsefor the benzofuran seriesin the platelet adhesion assay
. Wells coated
with IgG followed by incubation with compounds with washed platelets (3x108/ml solution).
Adhered platelets measured using a chromogenic alkaline phosphatase assay and read at
absorbance 405nm using Wallac spectrometer. MT-235, IC50 2.8µM, 95% CI 1.1 – 7.2, MT-236, IC50

% Platelet adhesion to IgG

1.41µM, 95% CI 0.85- 2.3, MT-237, IC50 1.35µM, 95% CI 0.79- 2.3.
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Figure71: IC50 from platelet adhesion assay for benzothiophene series
. Wells coated with IgG
followed by incubation with compounds with washed platelets (3x108/ml solution). Adhered
platelets measured using a chromogenic alkaline phosphatase assay and read at absorbance 405nm
using Wallac spectrometer. MT-248, IC50 21µM, 95% CI 4.6 – 103, MT-249, IC50 8.5µM, 95% CI 2.825, MT-250, IC50 8.1µM, 95% CI 3.2- 20.
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Figure72: Effect of indoline and 1,2,3,4 tetrahydroquinoline compounds on HAIgG induced
platelet aggregation. % aggregation measured correlates to degree of inhibition by compounds in
wash platelets. Compounds synthesized were tested in a functional assay to support HTS data.
Platelet aggregation was stimulated with 10mg/ml HAIgG in washed platelets supplemented with
10mg/ml fibrinogen and 2mM Ca2Cl. MT-222 and MT-237 inhibited HAIgG induced aggregation at
4.5µM, n=3.
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Figure73: Effect of benzofuran compounds on HAIgG induced wash
ed platelet aggregation.%
aggregation measured correlates to degree of inhibition by compounds in washed platelets.
Compounds synthesized were tested against a functional assay to support HTS data. Platelet
aggregation was stimulated with 10mg/ml HAIgG in washed platelets supplemented with 10mg/ml
fibrinogen and 2mM Ca2Cl. All compounds inhibits at 100µM n=2, 10µM and 1µM n=1
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Figure74: Dose response toS. aureusinduced aggregation in washed platelets
. Compounds were
subjected to a dose response to S. aureus induced platelet aggregation to determine IC50. MT-220,
IC50 64µM, 95% CI 10 - 412; MT-221, IC50 96µM, 95% CI 2.9 - 320, MT222, IC50 35µM, 95% CI 24 –
50.2.
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Figure75: Dose response toS. aureusinduced aggregatio
n in washed platelets.Compounds were
subjected to a dose response to S. aureus induced platelet aggregation to determine IC50. MT-223,
IC50 34µM, 95% CI 17 - 65; MT-225, IC50 32µM, 95% CI 23- 43.
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Figure76: Effect of benzofurancompounds onS. aureusinduced washed platelet aggregation.
Compounds inhibited S. aureus induced platelet aggregation, All compounds inhibited aggregation at
4µM, n=2.
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Conclusion
Twelve compounds were synthesized in this generation. Using the features of the
three most promising compounds from the 2nd generation, we modified the indole
core to complete the structure activity relationship matrix of the pharmacophore.
The cores selected were isosteric to indole while also being cores that are said to be
‘privileged structures’ i.e. prevalent in many drugs and natural products.
Indoline, 1,2,3,4 tetrahydroquinoline, benzofuran and benzothiophene were
selected to be synthesized to determine their biological effects. Benzofuran and
benzothiophene being direct isosteres also allow the probing of the impact of the
hydrogen bond donor from the indole. Indoline and 1, 2, 3, 4 tetrahydroquinoline
derivatives were used to probe for hydrogen bond acceptors through the tertiary
amine.
The failure in the synthesis of the indoline and 1,2,3,4 tetrahydroquinoline
derivatives via the MCR indole reaction used in the 1st and 2nd generation was due
to the failure to isolate the carboxylic acid intermediate upon hydrolysis of the
styryl isoxazole intermediate. The key intermediate in the successful synthesis of
indoline and 1,2,3,4 tetrahydroquinoline derivatives made use of a MCR Mannich
type reaction that formed an ester product to bypass the problematic zwitterion
intermediate. The overall yield for the 3 step synthesis of indoline products is
between 20 – 26%. The overall yield for the 3 step synthesis of 1,2,3,4
tetrahydroquinoline products is between 25 – 27%.
Benzofuran and benzothiophene failed to form the stryl isoxazole intermediate
showing degradation peaks and no sign of product formation in NMR. The strategy
employed the Horner-Wadsworth-Emmons reaction through use of the relevant
ketone to synthesize the key intermediates. The overall yield for the 5 step
synthesis of the benzofuran final products is between 19 – 20.5%. The overall yield
for the 6 step synthesis of the benzothiophene final products is between 2.5 – 9%.
The bioactivity from the final precursor to the indoline and 1,2,3,4
tetrahydroquinoline derivatives demonstrated a decreased in biological activity
implying the activity is directly impacted by the phenolic OH. The absence of the
107

phenol also confirmed that activity can still be maintained with the remaining half
of the molecule and that the phenol is supplementary to bioactivity and not critical
for bioactivity.
The IC50’s were generated for the 3rd generation compounds. The indoline,
tetrahydroquinoline and benzofuran derivatives IC50’s were in the range of 1-10µM
while the benzothiophene derivatives performed slightly lower in this series
showing MT-248 with an IC50 of 21µM, relatively elevated IC50 compared to the
others in this generation. The similarity in the IC50 suggested that the core structure
imparts its activity mainly through steric or π-π interactions.
Preliminary data of compounds selected were further tested in the functional
assays. All compounds inhibited HAIgG induced aggregation and S. aureus induced
aggregation.
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Discussion

In the management of sepsis, currently the only available form of treatment is a
broad-spectrum antibiotic. With the increasing threat of pathogens becoming more
resistant, the option of using broad-spectrum antibiotics is becoming undesirable.
From the onset of hypotension, the mortality increases to 50% within the first 3-5
hours [93], requiring the urgency to stabilise the patient. As FcγRIIa does not affect
platelet function, targeting the FcγRIIa receptor provides a solution to stabilise the
patient, preventing thrombocytopenia and clot formation, while the appropriate
antibiotic can be identified and administered.
Inhibitors of the FcγRIIa may also be effective in treating rheumatoid arthritis.
Disease modifying anti-Rheumatic drugs (DMARD’s) and biologic DMARD’s both
have safety profiles that limit their use. Syk inhibitors affect a component of the
immune response and pathways involved in host defence. This makes patients
treated with Syk inhibitors susceptible to infections. Vascular defects have been
shown in populations with genetically deficient Syk. Studies haves shown that
FcγRIIa plays a role in lowering the threshold for RA to occur and by targeting this
receptor we would reduce the release of pro-inflammatory cytokines which is one
of the major contributors of bone and joint erosion [100].
The focus of this thesis was to develop novel drug candidates that can selectively
target the FcγRIIa receptor. Currently there is no approved small drug molecule or
biologics that can actively target this receptor. With an increasing amount of data
implicating this receptor in the pathogenesis of both autoimmune and infectious
disease, we sought to discover a lead compound aided by in silico, novel synthesis
and in vitro screening to address the underlying causes from these new insights
underpinning the cause of these diseases.
The 1st generation focused on the application of a multicomponent reaction to the
synthesis of a matrix of novel compounds that tested the hypothesis of the
pharmacophore deduced. The pharmacophore property we focused on was the pKa
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of the weak acid moiety and steric effect of the weak acid moiety. Comparison of
compounds 1 and 2 (Figure 77) showed that the electronic nature of the phenolic
ring affected the biological activity. The electronic nature of the phenolic ring was
regulated with electron donating and electron withdrawing groups in our novel
compounds thereby regulating the pKa of the phenolic -OH weak acid moiety. The
steric effects were influenced using bicyclic groups. 9 compounds were synthesized
representing these functionalities, compounds 3 and 4 (Figure 77). The 7
compounds showed activity against platelet adhesion to IgG, confirming the
pharmacophore and it was clearly seen from the 7 compounds that electron
withdrawing groups had a positive effect on the biological activity.

Figure77: Electronic and steric effects on biological activity
.

The 2nd generation was designed based on the information obtained from the 1st
generation, specifically that electron withdrawing groups had a positive effect on
activity. The second generation focused on the effect of increasing the electron
withdrawing effect on the phenolic ring, the importance of the sp2 linker, the effect
of a heterocyclic moiety and electron density of the benzene ring (Figure 78). From
this, we conclude that the sp2 linker was important and reduction of this decreased
activity. We can also conclude that derivatives containing the benzene ring had
little effect and that the biological activity effect of the phenolic OH has a specific
pKa range where it induces biological activity.
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Figure78: 2nd generation modifications ffecting
a
biological activity.

The 3rd generation of compounds focused on the three best performing compounds
in the secondary screening of the 2nd generation: MT-76, MT-84 and MT-85. Using
the features of these three compounds, we derivatized the indole core to find its
impact on activity (Figure 79). The synthesis employed 3 different sets of chemistry
strategies in changing the core of the molecule. Indoline and 1,2,3,4
tetrahydroquinoline were accessed through the MCR Mannich reaction. Benzofuran
derivative was accessed via the Rap-Stroemer reaction, Horner-WadsworthEmmons (HWE) reaction and hydrogenation yielding the key ester. Benzothiophene
derivatives were accessed by a lithiation reaction, oxidation, HWE reaction followed
by a hydrogenation to yield the key immediate.
Indoline, 1,2,3,4-tetrahydroquinoline and benzofuran derivatives showed similar
IC50s while benzothiophene derivatives had a relatively elevated IC50. This indicates
that the core has little impact on the biological activity, and the site of interaction is
due to either a steric interaction or due to π-π interaction.
Precursors to the indoline and 1,2,3,4 tetrahydroquinoline derivatives were tested
in vitro and showed a decrease in biological activity but not an abolishment of this
activity. This indicates that the phenol is supplementary to activity but not critical
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for biological activity.

Figure79: Summary of the3rd generation modifications affectingbioactivity.

Future work
Drug likeness
In this thesis, we did not separate the enantiomers before testing. Future work
should aim to separate the E/Z isomers to find out if both or just one is active for
the most active compounds. The compounds synthesized extensively completed a
matrix for QSAR, however none of the compounds generated were active in the
nanomolar range. In order to reach nanomolar activity, a number of possibilities
could be explored:
1) Addition of the sulphonamide that is present in the original compound MB01
(Figure 15, compound 1). The sulphonamide moiety could be attached and also
further derivitized. This could be achieved with either the benzofuran or the
Benzothiophene series as carboxylic acid, which is the most easily formed from
these while being able to later form acyl chlorides to react with the sulphonamides.
2) Chain length exploration. A homologation reaction series that shortens the
molecule by 1 or extends it by 1 atom, again would probably require the carboxylic
acid accessibility from the benzofuran and benzothiophene derivatives (using Arnt
Eisert reaction for example). A Rap Stoermer reaction to make a benzofuran core
can be modified to add more functionalities to the benzofuran core to probe
further the activity of derivatives of salicylaldehyde and explore its functionalities.
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Protein binding
It was observed that compounds exhibited different potencies between plasma in
vitro testing and plasma free in vitro testing. Human serum albumin makes up 3550% of serum and is implicated in the plasma binding (unpublished data) and a
development of a method to measure plasma unbound drug is required.
Selectivity
The HTS assay and the functional assay used were specific for the interaction
between IgG and FcγRIIa. As there are 9 receptors for IgG, it will be required to
deduce the specificity of the compounds for FcγRIIa.
Toxicity
Molecules to consider for in vivo toxicity testing would be MT-84, MT-222 and MT237 (Figure 80). The three compounds are chemically different, possessing three
different cores that represent the various series while retaining the biological
activity which will reduce the probability of poor toxicity within any core series. MT222 from the 1,2,3,4 tetrahydroquinoline derivatives and MT-237 from the
benzofuran derivatives are of two different cores in the 3rd generation. MT-222 has
IC50 of 1.8µM and MT-237 has IC50 of 1.3µM possesses reasonable IC50 values and
activity in the secondary screening. MT-84 represents the most promising from the
first two generations of compounds with an IC50 of 2µM in both the adhesion assay
and the functional screening assay.

Figure80: Candidates forin vivo model.

Scalability
The synthesis of MT-84 from commercial materials involves 5 steps with an overall
yield of 7.5%; MT-222 from commercial materials involves 3 steps with an overall
yield of 27% and MT-237 from commercial materials involves 5 steps with an
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overall yield of 20.5%. All three synthesis methods requires only one flash
chromatography purification step. MT-84 and MT-237 both require the use of a
lithiating reagent at 0oC. The final product on all three compounds is isolated on
filtration of the precipitate formed. The synthesis methodology of the 3 compounds
is robust and therefore can be adapted to synthesis on a much larger scale without
difficulty.
The synthesis of the 3 compounds ranges from 3-5 step reactions with only 1 step
of the overall synthesis with yields below 50%; all starting material for each of the
compounds is available from cheap commercially available materials. The synthesis
of the three compounds can be further optimized to improve the overall yields for
example, for MT-84 use of alternative esterification methods to the propionic acid
can possible improve the overall yield for example using TMS-diazomethane, ethyl
iodide. MT-222 use of alternative iminium ion generators can possible improve
yield e.g. diphenylboronic acid. MT-237 hydrogenation can make use of many
different sources of hydrogen or reducing agents to possibly improve its yield in its
overall synthesis. The scope to improve the overall yields and the robustness of the
synthesis involved contributes to the scalability of these compounds.
The compounds synthesized exhibit activity an order of magnitude greater than the
only reported SCE for FcγRIIa tested via HAIgG activation [47] and showed the most
promising biological activity as a SCE antagonists for the FcγRIIa receptor. All
compounds synthesized are all novel and can be patented.
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Methods
General Methods

NMR experiments were performed on a Bruker Avance 400 instrument at ambient
temperatures and samples were prepared in CDCl3 (referenced to 7.26 ppm for 1H
and 77.0 for 13C) and in DMSO-d6 (referenced to 2.52 and 3.3 ppm for 1H and 40.0
for 13C). Coupling constants (J) are in Hertz (Hz) and corrected to the nearest 0.5Hz.
Multiplicities are reported as follows: s, singlet, d, doublet, dd, doublets of
doublets, t, triplet, q, quartet, m, multiplet,
Tetrahydrofuran was freshly distilled over sodium benzophenone prior to use
according to standard procedure. Analytical grade solvents and commercially
available reagents were used as received, unless otherwise stated. Flash
chromatography was carried out using silica gel 60 (0.040-0.063mm, 230-400 mesh)
as the stationary phase. Thin layer chromatography was carried out on aluminium
backed plates pre-coated with silica gel 60, which were visualized by quenching of
u.v. fluorescence (λmax = 254 nm) or by staining with either 10% w/v ammonium
molybdate in 2 M sulfuric acid or basic potassium permanganate solution (followed
by heat) as appropriate
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Compound synthesis
1st generation
MT-3: 5-(2-(1H-indol-3-yl)-2-phenylethyl)-3-methyl-4-nitroisoxazole

n-BuLi (10.5 mmol) was added drop wise to indole (10 mmol) in 20ml anhydrous
THF at 0oC and stirred at room temperature for 30 minutes. The lithiated solution
was added drop wise to a solution of 3-methyl-4-nitro-5-styrylisoxazole (10mmol) in
40ml THF at 0oC and stirred at room temperature for 2 hours. Reaction is quenched
with 10ml aqueous ammonium chloride and extracted with 2x40ml ethyl acetate
and worked up with water and brine. Product dried over Na2SO4 and solvent
removed in vacuo. The residue was purified by flash chromatography on silica gel
10% EtOAc/PE.
1H

NMR (400 MHz, CDCl3) δ 8.05 (s, 1H), 7.49 – 7.39 (m, 1H), 7.37 – 7.27 (m, 4H),

7.23 – 7.11 (m, 3H), 7.04 (ddd, J = 8.0, 7.1, 1.0 Hz, 1H), 4.95 (t, J = 8.1 Hz, 1H), 4.04
(dd, J = 14.7, 8.2 Hz, 1H), 3.91 (dd, J = 14.7, 8.0 Hz, 1H), 2.47 (s, 3H).
13C

NMR (101 MHz, CDCl3) δ 173.57, 155.62, 142.38, 136.57, 128.80, 127.69,

127.16, 126.54, 122.60, 121.54, 119.83, 119.28, 117.63, 111.31, 40.74, 34.26, 11.80.
MS (ESI): calculated for [M+Na]+ C20H17N3O3Na: 370.1168, found: 370.2078
MT-4: 3-(1H-indol-3-yl)-3-phenylpropanoic acid
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5-(2-(1H-indol-3-yl)-2-phenylethyl)-3-methyl-4-nitroisoxazole (3.5 mmol) is
dissolved in 30ml methanol and 20ml H2O followed by 14mmol sodium hydroxide
and is refluxed for 6 hours. Solution is cooled and 20ml of water is added. Solution
is washed with 10ml chloroform, acidified to pH 5 with 1M HCl and extracted with
2x20ml chloroform. Organic layer combined and dried over Na2SO4. Filtered and
reduced under pressure yielding carboxylic acid. Purified by column
chromatography with 3% MeOH/DCM
1H NMR (400 MHz, DMSO) δ 12.10 (s, 1H), 10.90 (s, 1H), 7.39 – 7.32 (m, 3H), 7.32 –
7.26 (m, 2H), 7.24 (dd, J = 10.4, 4.7 Hz, 2H), 7.12 (ddd, J = 8.5, 2.3, 1.1 Hz, 1H), 7.08
– 6.95 (m, 1H), 6.93 – 6.79 (m, 1H), 4.61 (t, J = 7.9 Hz, 1H), 3.07 (dd, J = 15.4, 7.8 Hz,
1H), 2.95 (dd, J = 15.5, 8.1 Hz, 1H).
MS (ESI): calculated for [M+Na]+ C17H16NO2Na: 288.1000, found: 288.8236
MT-15: methyl 3-(1H-indol-3-yl)-3-phenylpropanoate

DBU (1.2 mmol) in 1ml acetonitrile was added drop wise to a solution of Indole
propionic acid (1mmol) in 1ml acetonitrile followed by drop wise addition of methyl
iodide (5 mmol). The solution is refluxed overnight. Solvent is evaporated in vacuo
and redissolved in 10ml DCM. Crude product washed with 1M potassium hydrogen
sulphate (3 x 10ml) followed by brine (3 x 10ml). Dried over Na2SO4 and evaporated
in vacuo. The crude residue was then purified by column chromatography eluting
5% MeOH/ 95% DCM. The title compound was obtained as a brown solid (0.154g,
51% yield)
1H NMR (400 MHz, CDCl3) δ 7.95 (s, 1H), 7.30 (d, J = 8.0 Hz, 1H), 7.24 – 7.17 (m,
2H), 7.16 – 7.09 (m, 3H), 7.09 – 6.96 (m, 2H), 6.89 (ddd, J = 8.0, 7.1, 1.0 Hz, 1H), 6.80
(dd, J = 2.4, 0.7 Hz, 1H), 4.70 (t, J = 7.9 Hz, 1H), 3.45 (s, 3H), 3.05 (dd, J = 15.2, 7.7
Hz, 1H), 2.91 (dd, J = 15.2, 8.1 Hz, 1H).
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13C NMR (101 MHz, CDCl3) δ 172.82, 143.72, 136.56, 128.51, 127.71, 126.56,
126.53, 122.12, 121.29, 119.39, 119.37, 118.45, 111.24, 51.76, 41.31, 39.25.
MS (ESI): calculated for [M+Na]+ C18H17NNaO2: 302.1157, found: 302.5550
MT-17: 3-(1H-indol-3-yl)-3-phenylpropanehydrazide

Hydrazine monohydrate (27.5 mmol) is added to methyl 3-(1H-indol-3-yl)-3phenylpropanoate (2.75 mmol) dissolved in 10ml ethanol and refluxed overnight.
Solvent is evaporated to dryness and product is triturated with cold diethyl ether
yielding pure product. The title compound was obtained as a light yellow solid
(0.610g, 70.34% yield)
1H NMR (400 MHz, DMSO) δ 10.89 (s, 1H), 9.07 (s, 1H), 7.32 (dd, J = 15.4, 7.5 Hz,
6H), 7.23 (t, J = 7.5 Hz, 2H), 7.12 (t, J = 7.2 Hz, 1H), 7.02 (t, J = 7.5 Hz, 1H), 6.87 (t, J =
7.5 Hz, 1H), 4.72 (t, J = 7.7 Hz, 1H), 4.15 (s, 2H), 2.89 (dd, J = 14.3, 8.4 Hz, 1H), 2.71
(dd, J = 14.3, 7.3 Hz, 1H).
13C NMR (101 MHz, DMSO) δ 170.04, 145.20, 136.42, 128.17, 127.55, 126.48,
125.88, 121.71, 121.00, 118.73, 118.24, 117.48, 111.35, 40.33, 38.58.
MS (ESI): calculated for [M+Na]+ C17H17N3O: 281.1439, found: 281.0133
MT-22: N'-(2-hydroxybenzylidene)
-3-(1H-indol-3-yl)-3-phenylpropanehydrazide
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(1H-indol-3-yl)-3-phenylpropanehydrazide (0.316 mmol) is dissolved in 2ml
methanol and 1 equivalent of benzaldehyde (0.316 mmol) is added and stirred
overnight.
Product filtered and dried obtaining a white solid (0.0655g, 54% yield)
1H

NMR (400 MHz, DMSO) δ 11.68 (s, 2H), 11.19 (s, 1H), 11.07 (s, 2H), 10.88 (d, J =

13.2 Hz, 3H), 10.13 (s, 1H), 8.29 (d, J = 27.9 Hz, 3H), 7.71 (d, J = 7.6 Hz, 1H), 7.56 –
7.43 (m, 3H), 7.43 – 7.18 (m, 27H), 7.13 (t, J = 6.9 Hz, 4H), 7.00 (dt, J = 18.2, 10.9 Hz,
4H), 6.96 – 6.81 (m, 10H), 4.79 (dt, J = 15.4, 7.8 Hz, 3H), 3.27 (dd, J = 15.1, 7.7 Hz,
1H), 3.08 (dd, J = 14.6, 8.1 Hz, 2H), 2.95 (dd, J = 14.7, 7.7 Hz, 2H).
13C

NMR (101 MHz, DMSO) δ 191.83, 172.31, 166.88, 160.77, 157.81, 157.25,

156.38, 146.40, 145.10, 144.80, 140.66, 136.50, 136.46, 131.28, 131.00, 129.32,
128.28, 128.18, 127.71, 127.60, 126.57, 126.44, 126.37, 126.08, 125.96, 121.78,
121.74, 121.14, 121.05, 120.27, 119.56, 119.35, 118.75, 118.72, 118.63, 118.37,
118.31, 117.74, 117.39, 117.28, 116.35, 116.17, 111.47, 111.43, 40.81, 38.61, 38.48,
38.33.
MS (ESI): calculated for [M]+ C24H21N3O2: 383.1634, found: 383.1024
MT-26: N'-((1-hydroxynaphthalen-2-yl)methylene)-3-(1H-indol-3-yl)-3phenylpropanehydrazide

(1H-indol-3-yl)-3-phenylpropanehydrazide (0.158 mmol) is dissolved in 2ml
methanol and 1 equivalent 2-hydroxy-1-naphtaldehyde is added and stirred
overnight
Product filtered and dried obtaining a white solid (0.110g, 80% yield)
1H

NMR (400 MHz, DMSO) δ 12.51 (s, 23H), 11.82 (s, 28H), 11.26 (s, 6H), 11.06 (s,

9H), 10.90 (d, J = 11.0 Hz, 39H), 9.13 (s, 29H), 8.88 (s, 5H), 8.67 (d, J = 8.6 Hz, 7H),
8.22 (d, J = 8.6 Hz, 38H), 7.88 (t, J = 8.8 Hz, 114H), 7.67 – 7.53 (m, 65H), 7.53 – 7.08
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(m, 562H), 7.08 – 6.96 (m, 53H), 6.96 – 6.79 (m, 48H), 4.83 (dd, J = 15.3, 7.7 Hz,
49H), 3.14 (dd, J = 14.6, 8.0 Hz, 58H), 3.01 (dd, J = 14.6, 7.7 Hz, 66H).
13C

NMR (101 MHz, DMSO) δ 171.85, 166.71, 166.71, 157.77, 156.84, 145.21,

145.06, 144.95, 144.80, 144.80, 142.26, 136.48, 132.63, 131.49, 131.49, 128.97,
128.87, 128.32, 128.23, 128.20, 127.84, 127.84, 127.77, 127.70, 127.64, 126.38,
126.11, 123.57, 123.51, 122.88, 121.85, 121.80, 121.70, 121.16, 121.11, 121.08,
120.90, 118.85, 118.76, 118.39, 118.33, 117.39, 111.49, 110.15, 108.50, 40.84,
40.15, 39.94, 39.73, 39.52, 39.31, 39.10, 38.89, 38.70, 38.63, 38.25.
MS (ESI): calculated for [M]+ C28H23N3NaO2: 456.1688, found: 456.1777
MT-28: N'-(5-chloro-2-hydroxybenzylidene)
-3-(1H-indol-3-yl)-3phenylpropanehydrazide

(1H-indol-3-yl)-3-phenylpropanehydrazide (0.158 mmol) is dissolved in 2ml
methanol and 1 equivalent 5-chloro salicylaldehyde (0.158 mmol) is added and
stirred overnight
Product filtered and dried obtaining a white solid (0.019g, 30% yield)
1H

NMR (400 MHz, DMSO) δ 11.78 (s, 204H), 11.11 (s, 203H), 10.90 (d, J = 12.3 Hz,

319H), 10.37 (s, 129H), 8.32 (d, J = 8.6 Hz, 216H), 8.19 (s, 117H), 7.90 – 7.89 (m, 2H),
7.73 (d, J = 2.7 Hz, 125H), 7.59 (d, J = 2.7 Hz, 202H), 7.42 – 7.18 (m, 2333H), 7.13
(dd, J = 13.5, 7.3 Hz, 319H), 7.02 (td, J = 7.1, 3.8 Hz, 319H), 6.89 (ddd, J = 11.9, 8.1,
4.9 Hz, 588H), 4.79 (dd, J = 18.3, 7.7 Hz, 329H), 3.47 (dd, J = 14.9, 8.0 Hz, 158H),
3.33 – 3.26 (m, 158H), 3.08 (dd, J = 14.7, 8.2 Hz, 203H), 2.95 (dd, J = 14.6, 7.7 Hz,
212H).
13C

NMR (101 MHz, DMSO) δ 172.54, 167.02, 155.82, 155.06, 145.05, 144.76,

144.00, 138.40, 136.43, 130.61, 130.32, 128.25, 128.14, 127.67, 127.56, 127.49,
126.39, 126.33, 126.04, 125.94, 124.94, 123.26, 122.92, 122.25, 121.91, 121.71,
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121.09, 121.00, 120.60, 118.72, 118.65, 118.33, 118.28, 118.14, 117.95, 117.62,
117.32, 111.42, 40.80, 38.61, 38.57, 38.46.
MS (ESI): calculated for [M]+ C28H23N3O2: 433.1790, found: 433.1471

MT-29: N'-(3-chloro-2-hydroxybenzylidene)
-3-(1H-indol-3-yl)-3phenylpropanehydrazide

(1H-indol-3-yl)-3-phenylpropanehydrazide (0.158 mmol) is dissolved in 2ml
methanol and 1 equivalent 3-chloro salicylaldehyde (0.158 mmol) is added and
stirred overnight
Product filtered and dried obtaining a white solid (0.0216g, 32% yield)
1H

NMR (400 MHz, DMSO) δ 12.18 (d, J = 8.7 Hz, 3H), 11.96 (s, 3H), 11.41 (s, 1H),

10.91 (t, J = 6.3 Hz, 4H), 10.54 (s, 1H), 8.32 (d, J = 5.3 Hz, 3H), 8.22 (s, 1H), 7.59 (d, J
= 7.9 Hz, 1H), 7.48 – 7.39 (m, 7H), 7.34 (dt, J = 13.6, 7.1 Hz, 18H), 7.24 (dd, J = 16.1,
8.2 Hz, 9H), 7.17 – 7.05 (m, 4H), 7.00 (dt, J = 10.0, 6.7 Hz, 4H), 6.97 – 6.81 (m, 8H),
4.78 (t, J = 7.9 Hz, 4H), 3.47 (dd, J = 15.4, 7.8 Hz, 1H), 3.30 – 3.25 (m, 1H), 3.12 (dd, J
= 14.7, 8.0 Hz, 3H), 2.98 (dd, J = 14.8, 7.7 Hz, 3H).
13C

NMR (101 MHz, DMSO) δ 167.12, 153.07, 146.89, 144.70, 136.47, 131.22,

129.36, 128.30, 127.60, 126.33, 126.12, 121.75, 121.16, 120.29, 120.03, 119.59,
118.75, 118.39, 117.33, 111.48, 40.71, 38.58.
MS (ESI): calculated for [M+Na]+ C24H21N3O2: 440.1142, found: 440.1432
MT-30: N'-(2,5-dihydroxybenzylidene)
-3-(1H-indol-3-yl)-3phenylpropanehydrazide
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(1H-indol-3-yl)-3-phenylpropanehydrazide (0.158 mmol) is dissolved in 2ml
methanol and 1 equivalent 2, 5-dihydroxy benzaldehyde (0.158 mmol) is added and
stirred overnight
Product filtered and dried obtaining a brown solid (0.015g, 23% yield)
1H

NMR (400 MHz, DMSO) δ 11.57 (s, 2H), 11.13 (s, 1H), 10.89 (d, J = 9.5 Hz, 3H),

10.19 (s, 2H), 9.39 (s, 1H), 8.94 (d, J = 2.6 Hz, 3H), 8.25 (s, 2H), 8.19 (s, 1H), 7.45 –
7.28 (m, 16H), 7.28 – 7.19 (m, 7H), 7.13 (dd, J = 9.3, 5.1 Hz, 4H), 7.02 (t, J = 7.5 Hz,
4H), 6.96 – 6.81 (m, 5H), 6.77 – 6.61 (m, 6H), 4.79 (dt, J = 16.1, 7.9 Hz, 3H), 3.27 –
3.16 (m, 1H), 3.06 (dd, J = 14.6, 8.2 Hz, 2H), 2.92 (dd, J = 14.7, 7.6 Hz, 2H).
13C

NMR (101 MHz, DMSO) δ 172.20, 166.73, 150.01, 149.98, 149.82, 149.32,

145.68, 145.10, 144.82, 140.50, 136.46, 136.43, 128.24, 128.17, 127.68, 127.57,
126.43, 126.35, 126.02, 125.93, 121.71, 121.67, 121.08, 121.04, 120.52, 118.95,
118.73, 118.50, 118.31, 117.67, 117.36, 117.01, 116.96, 113.65, 111.42, 111.39,
40.85, 38.59, 38.27, 38.25.
MS (ESI): calculated for [M+Na]+ C24H21N3NaO3: 422.1481, found: 422.1818
MT-31: N'-(2,3-dihydroxybenzylidene)
-3-(1H-indol-3-yl)-3phenylpropanehydrazide

(1H-indol-3-yl)-3-phenylpropanehydrazide (0.158 mmol) is dissolved in 2ml
methanol and 1 equivalent 2, 3-dihydroxy benzaldehyde (0.158 mmol) is added and
stirred overnight
Product filtered and dried obtaining a brown solid (0.0128g, 20% yield)
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1H

NMR (400 MHz, DMSO) δ 11.67, 11.20, 10.90, 10.87, 9.41, 9.17, 8.97, 8.28, 8.25,

7.36, 7.35, 7.33, 7.32, 7.30, 7.29, 7.27, 7.25, 7.23, 7.21, 7.14, 7.14, 7.13, 7.12, 7.12,
7.10, 7.04, 7.02, 7.01, 7.00, 6.99, 6.96, 6.96, 6.94, 6.94, 6.92, 6.91, 6.90, 6.89, 6.88,
6.87, 6.85, 6.82, 6.82, 6.81, 6.80, 6.80, 6.79, 6.77, 6.73, 6.72, 6.71, 6.70, 6.69, 6.68,
4.83, 4.81, 4.80, 4.79, 4.78, 4.76, 3.51, 3.49, 3.48, 3.46, 3.28, 3.26, 3.24, 3.23, 3.11,
3.09, 3.08, 3.06, 2.98, 2.96, 2.94, 2.92.
13C

NMR (101 MHz, DMSO) δ 172.10, 166.76, 163.42, 147.41, 147.06, 145.85,

145.68, 145.61, 145.52, 145.14, 145.07, 144.79, 141.52, 136.43, 128.24, 128.15,
127.66, 127.56, 126.41, 126.34, 126.03, 125.91, 121.71, 121.30, 121.09, 121.01,
120.61, 119.84, 119.45, 119.35, 119.09, 118.90, 118.71, 118.45, 118.32, 118.26,
117.69, 117.34, 117.21, 117.14, 116.51, 111.43, 40.79, 38.57, 38.44, 38.21.
MS (ESI): calculated for [M+Na]+ C24H21N3NaO3: 422.1481, found: 422.1489
MT-33: N'-(2-hydroxy-5-nitrobenzylidene)-3-(1H-indol-3-yl)-3phenylpropanehydrazide

(1H-indol-3-yl)-3-phenylpropanehydrazide (0.474 mmol) is dissolved in 4ml
methanol and 1 equivalent 2 hydroxy- 5 nitro benzaldehyde (0.474 mmol) is added
and stirred overnight
Product filtered and dried obtaining a yellow solid (0.176g, 86.26% yield)
1H

NMR (400 MHz, DMSO) δ 12.19 (s, 3H), 11.87 (s, 5H), 11.38 (s, 2H), 10.90 (d, J =

8.3 Hz, 5H), 9.11 (s, 1H), 8.72 (s, 1H), 8.62 (s, 2H), 8.51 (d, J = 2.3 Hz, 3H), 8.44 (s,
3H), 8.35 – 8.19 (m, 3H), 8.19 – 8.07 (m, 5H), 7.29 (ddd, J = 21.5, 13.8, 7.2 Hz, 32H),
7.19 – 6.93 (m, 16H), 6.88 (dd, J = 18.1, 7.6 Hz, 5H), 4.82 (dd, J = 14.9, 7.8 Hz, 4H),
4.81 (dt, J = 15.4, 7.8 Hz, 5H), 3.11 (dd, J = 14.5, 8.3 Hz, 3H), 2.97 (dd, J = 14.7, 7.6
Hz, 3H).
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13C

NMR (101 MHz, DMSO) δ 169.99, 161.88, 145.18, 139.79, 137.32, 136.39,

128.15, 127.53, 126.45, 125.86, 124.05, 122.84, 121.73, 121.68, 120.97, 120.92,
118.70, 118.21, 117.46, 116.46, 111.32, 40.30, 38.55.
MS (ESI): calculated for [M+Na]+ C24H20N4NaO4: 451.1382, found: 451.1414
MT-34: N'-(2-hydroxy-5-methoxybenzylidene)
-3-(1H-indol-3-yl)-3phenylpropanehydrazide

(1H-indol-3-yl)-3-phenylpropanehydrazide (0.188 mmol) is dissolved in 4ml
methanol and 1 equivalent of 2-hydroxy 5 methoxy benzaldehyde (0.188 mmol) is
added and refluxed for 3 hours.
Product is cooled, dried in vacuo and washed with chloroform. Dried in vacuo
obtaining a yellow solid (0.023g, 34% yield)
1H

NMR (400 MHz, DMSO) δ 11.65 (s, 4H), 11.20 (s, 2H), 10.89 (d, J = 10.5 Hz, 6H),

10.47 (s, 4H), 10.24 (s, 1H), 9.67 (s, 2H), 8.31 (s, 4H), 8.22 (s, 2H), 7.45 – 6.68 (m,
85H), 4.79 (dt, J = 15.8, 7.7 Hz, 6H), 3.07 (dd, J = 14.6, 8.1 Hz, 4H), 2.94 (dd, J = 14.6,
7.7 Hz, 4H).
13C

NMR (101 MHz, DMSO) δ 190.93, 172.36, 166.83, 155.30, 152.28, 152.19,

152.10, 151.24, 150.52, 145.56, 145.07, 144.80, 140.17, 136.42, 128.24, 128.14,
127.63, 127.58, 126.40, 126.35, 126.03, 125.94, 124.39, 121.81, 121.71, 121.09,
121.00, 120.56, 118.92, 118.72, 118.67, 118.65, 118.32, 118.26, 118.09, 117.63,
117.59, 117.36, 117.18, 117.15, 111.95, 111.43, 110.20, 109.66, 55.48, 55.29, 40.81,
38.68, 38.60, 38.48.
MS (ESI): calculated for [M+Na]+ C26H24N2NaO3: 435.1685, found: 435.2116
MT-40: 3-(1H-indol-3-yl)-N'-(naphthalen-2-ylmethylene)-3phenylpropanehydrazide
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(1H-indol-3-yl)-3-phenylpropanehydrazide (0.188 mmol) is dissolved in 4ml
methanol and 1 equivalent of appropriate 2-naphtaldehyde (0.188 mmol) is added
and refluxed for 3 hours.
Product is cooled, filtered and dried in vacuo obtaining a white solid (0.023g, 38%
yield)
1H

NMR (400 MHz, DMSO) δ 11.55 (s, 1H), 11.31 (s, 1H), 10.88 (d, J = 7.8 Hz, 2H),

8.28 (s, 1H), 8.12 (s, 1H), 8.07 (d, J = 8.7 Hz, 2H), 8.02 – 7.81 (m, 8H), 7.63 – 7.44 (m,
4H), 7.45 – 7.27 (m, 10H), 7.25 (dd, J = 13.4, 7.5 Hz, 4H), 7.12 (dd, J = 12.9, 7.1 Hz,
2H), 7.02 (t, J = 7.6 Hz, 2H), 6.88 (dt, J = 12.2, 6.2 Hz, 2H), 4.82 (dt, J = 20.5, 7.8 Hz,
2H), 3.09 (dd, J = 14.6, 8.2 Hz, 1H), 2.95 (dd, J = 14.6, 7.6 Hz, 1H).
13C

NMR (101 MHz, DMSO) δ 172.79, 167.10, 145.86, 145.11, 142.86, 136.46,

133.69, 133.61, 132.95, 132.10, 128.60, 128.57, 128.48, 128.45, 128.30, 128.27,
128.19, 127.83, 127.76, 127.63, 127.11, 127.05, 126.80, 126.46, 126.42, 126.05,
125.98, 122.68, 122.38, 121.90, 121.76, 121.11, 121.05, 118.77, 118.71, 118.35,
118.32, 117.75, 117.46, 111.44, 38.65, 38.48.
MS (ESI): calculated for [M+Na]+ C28H23N3NaO 440.1739, found: 440.2476

2nd generation p-methoxy derivatives
MT-52: methyl 3-(1H-indol-3-yl)-3-(4-methoxyphenyl)propanoate
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DBU (11 mmol) in 15 ml acetonitrile was added drop wise to a solution of para
methoxy Indole propionic acid (9.22 mmol) in 1ml acetonitrile followed by drop
wise addition of methyl iodide (46 mmol). The solution is refluxed overnight.
Solvent is dried invacuo and taken up in 30ml DCM. Product washed with 1M
potassium hydrogen sulphate followed by brine. Dried over Na2SO4 and purified by
flash column chromatography 5% MeOH/DCM. Obtained brown solid (1.8528g
68.51% yield)

1H

NMR (400 MHz, CDCl3) δ 8.34 (d, J = 1.4 Hz, 1H), 7.48 (d, J = 7.9 Hz, 1H), 7.33 –

7.22 (m, 3H), 7.22 – 7.13 (m, 1H), 7.10 – 7.01 (m, 1H), 6.93 (d, J = 1.9 Hz, 1H), 6.88 –
6.74 (m, 2H), 4.84 (s, 1H), 3.73 (s, 3H), 3.62 (s, 3H), 3.21 (dd, J = 15.1, 7.4 Hz, 1H),
3.06 (dd, J = 15.1, 8.4 Hz, 1H).
13C

NMR (101 MHz, CDCl3) δ 172.85, 157.97, 136.55, 135.80, 128.57, 126.43,

121.91, 121.15, 119.26, 119.14, 118.52, 113.73, 111.20, 55.00, 51.58, 41.36, 38.38.
MS (ESI): calculated for [M+Na]+ C19H19NNaO3 332.1263, found: 332.1274
MT-53: 3-(1H-indol-3-yl)-3-(4-methoxyphenyl)propanehydrazide

Hydrazine monohydrate (59.1 mmol) is added to methyl 3-(1H-indol-3-yl)-3-(4methoxyphenyl)propanoate (5.91 mmol) dissolved in 20ml ethanol and refluxed
overnight. Solvent is evaporated to dryness and product is triturated with ethyl
acetate yielding pure product. The title compound was obtained as a white solid
(1.107g, 61.3% yield)
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1H

NMR (400 MHz, DMSO) δ 10.85 (s, 1H), 9.02 (s, 1H), 7.29 (d, J = 8.8 Hz, 2H), 7.23

(d, J = 2.2 Hz, 1H), 7.17 (d, J = 8.7 Hz, 2H), 7.03 – 6.97 (m, 1H), 6.88 – 6.83 (m, 1H),
6.78 (d, J = 8.7 Hz, 2H), 4.63 (t, J = 7.8 Hz, 1H), 4.09 (s, 2H), 3.66 (d, J = 5.8 Hz, 3H),
2.83 (dd, J = 14.3, 8.2 Hz, 1H), 2.64 (dd, J = 14.3, 7.5 Hz, 1H).
13C NMR (101 MHz, DMSO) δ 170.05, 157.35, 137.10, 136.42, 128.42, 126.43,
121.53, 120.91, 118.75, 118.13, 117.83, 113.49, 111.28, 54.90, 38.89, 37.72.
MS (ESI): calculated for [M+Na]+ C18H19N3NaO2 332.1375, found: 332.2415
MT-55: N'-(2-hydroxy-3,5-dinitrobenzylidene)-3-(1H-indol-3-yl)-3-(4methoxyphenyl)propanehydrazide

3-(1H-indol-3-yl)-3-(4-methoxyphenyl)propanehydrazide (0.144 mmol) is dissolved
in 2ml methanol and 1 equivalent 3,5 dinitro salicylaldehyde (0.144 mmol) is added
and stirred overnight. Product filtered and dried obtaining a orange solid (0.0554g,
72% yield)

1H

NMR (400 MHz, DMSO) δ 12.19 (s, 8H), 11.43 (s, 3H), 10.87 (d, J = 11.3 Hz, 10H),

8.81 – 8.61 (m, 21H), 8.52 (s, 8H), 8.30 (s, 3H), 7.44 – 7.13 (m, 57H), 7.01 (dd, J =
14.8, 7.1 Hz, 14H), 6.84 (dt, J = 17.5, 8.2 Hz, 30H), 4.74 (t, J = 7.6 Hz, 15H), 3.67 (s,
27H), 3.65 (s, 8H), 3.47 – 3.30 (m, 7H), 3.11 (dd, J = 14.6, 7.8 Hz, 9H), 2.97 (dd, J =
14.7, 7.9 Hz, 10H).
13C

NMR (101 MHz, DMSO) δ 172.78, 167.53, 158.05, 157.50, 143.85, 137.29,

136.52, 136.46, 128.49, 128.08, 126.28, 122.92, 122.29, 121.59, 121.06, 118.77,
118.28, 117.58, 113.61, 111.40, 54.93, 40.89, 37.75.
MS (ESI): calculated for [M+Na]+ C25H21N5NaO7 526.1339, found: 526.2369
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MT-56: N'-(3,5-dichloro-2-hydroxybenzylidene)
-3-(1H-indol-3-yl)-3-(4methoxyphenyl)propanehydrazide

3-(1H-indol-3-yl)-3-(4-methoxyphenyl)propanehydrazide (0.144 mmol) is dissolved
in 2ml methanol and 1 equivalent 3,5 dichloro salicylaldehyde (0.144 mmol) is
added and stirred overnight.
Product filtered and dried obtaining a white solid (0.0265g, 38% yield)

1H

NMR (400 MHz, DMSO) δ 12.29 (s, 3H), 12.05 (s, 3H), 11.44 (s, 1H), 10.86 (d, J =

11.8 Hz, 4H), 9.08 (s, 1H), 8.28 (s, 3H), 8.19 (s, 1H), 7.77 (d, J = 2.5 Hz, 1H), 7.74 (d, J
= 2.5 Hz, 1H), 7.67 (d, J = 2.4 Hz, 1H), 7.61 (d, J = 2.5 Hz, 3H), 7.58 (d, J = 2.4 Hz, 4H),
7.28 (ddd, J = 19.7, 15.9, 9.3 Hz, 20H), 7.02 (t, J = 7.5 Hz, 4H), 6.88 (t, J = 7.4 Hz, 4H),
6.79 (t, J = 9.4 Hz, 8H), 4.73 (t, J = 7.8 Hz, 4H), 3.67 (s, 9H), 3.66 (s, 3H), 3.09 (dd, J =
14.7, 7.8 Hz, 3H), 2.95 (dd, J = 14.7, 7.9 Hz, 3H).
13C

NMR (101 MHz, DMSO) δ 172.41, 167.26, 163.52, 157.45, 153.39, 152.01,

150.78, 145.21, 139.58, 136.82, 136.51, 136.42, 132.41, 130.04, 129.71, 129.49,
128.54, 128.44, 128.27, 126.31, 126.24, 125.47, 123.77, 123.65, 123.26, 122.81,
122.31, 122.00, 121.67, 121.52, 121.32, 121.01, 120.91, 120.66, 120.26, 118.73,
118.68, 118.23, 118.17, 117.91, 117.58, 113.56, 113.44, 111.36, 54.88, 54.85, 40.83,
37.68, 37.40.
MS (ESI): calculated for [M]+ C25H21Cl2N3O3 481.0960, found: 481.1541

MT-57: N'-(3-bromo-5-chloro-2-hydroxybenzylidene)
-3-(1H-indol-3-yl)-3-(4methoxyphenyl)propanehydrazide
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3-(1H-indol-3-yl)-3-(4-methoxyphenyl)propanehydrazide (0.144 mmol) is dissolved
in 2ml methanol and 1 equivalent 3 bromo, 5 chloro salicylaldehyde (0.144 mmol)
derivative is added and stirred overnight.
Product filtered and dried obtaining a Yellow solid (0.0412g, 54% yield)

1H

NMR (400 MHz, DMSO) δ 12.48 (s, 14H), 12.08 (s, 17H), 11.49 (s, 3H), 10.88 (t, J =

5.5 Hz, 18H), 9.09 (s, 5H), 8.26 (s, 16H), 8.16 (s, 3H), 7.90 (d, J = 2.5 Hz, 5H), 7.77 (d,
J = 2.5 Hz, 6H), 7.73 – 7.67 (m, 23H), 7.66 (d, J = 2.5 Hz, 16H), 7.29 (ddd, J = 19.8,
13.4, 6.9 Hz, 96H), 7.03 (t, J = 7.4 Hz, 19H), 6.89 (t, J = 7.3 Hz, 20H), 6.80 (t, J = 9.5
Hz, 39H), 4.74 (t, J = 7.8 Hz, 20H), 3.68 (s, 48H), 3.66 (s, 14H), 3.10 (dd, J = 14.7, 7.8
Hz, 16H), 2.96 (dd, J = 14.7, 8.0 Hz, 17H).
13C

NMR (101 MHz, DMSO) δ 167.30, 157.49, 153.06, 145.43, 136.53, 136.45,

132.82, 129.17, 128.47, 126.26, 123.18, 121.56, 121.05, 120.29, 118.77, 118.27,
117.61, 113.59, 111.39, 110.70, 54.91, 40.84, 37.72.
MS (ESI): calculated for [M+Na]+ C25H21BrClN3NaO3 548.0353, found: 548.0051
MT-58: N'-(2-hydroxy-3,5-diiodobenzylidene)-3-(1H-indol-3-yl)-3-(4methoxyphenyl)propanehydrazide

3-(1H-indol-3-yl)-3-(4-methoxyphenyl)propanehydrazide (0.144 mmol) is dissolved
in 2ml methanol and 1 equivalent 3,5 di iodo salicylaldehyde (0.144 mmol) is added
and stirred overnight.
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Product filtered and dried obtaining a yellow solid (0.0526g, 54% yield)

1H

NMR (400 MHz, DMSO) δ 12.70 (s, 22H), 12.06 (s, 23H), 11.49 (s, 3H), 10.88 (s,

26H), 8.99 (s, 2H), 8.24 – 8.08 (m, 25H), 8.04 (s, 8H), 8.00 (d, J = 2.0 Hz, 20H), 7.85
(d, J = 2.0 Hz, 25H), 7.46 – 7.12 (m, 127H), 7.02 (t, J = 7.5 Hz, 27H), 6.88 (t, J = 7.4 Hz,
29H), 6.79 (t, J = 8.2 Hz, 48H), 4.73 (t, J = 7.8 Hz, 25H), 3.67 (s, 65H), 3.66 (s, 14H),
3.09 (dd, J = 14.7, 7.7 Hz, 22H), 2.95 (dd, J = 14.7, 8.0 Hz, 22H).
13C

NMR (101 MHz, DMSO) δ 167.31, 157.51, 156.43, 146.31, 145.42, 138.69,

136.55, 136.47, 128.50, 126.28, 121.57, 121.08, 120.29, 118.80, 118.30, 117.64,
113.61, 111.42, 87.63, 82.02, 54.94, 40.82, 37.74.
MS (ESI): calculated for [M+Na]+ C25H21I2N3NaO3 687.9570, found: 687.9488
MT-59: N'-(5-bromo-2-hydroxybenzylidene)
-3-(1H-indol-3-yl)-3-(4methoxyphenyl)propanehydrazide

3-(1H-indol-3-yl)-3-(4-methoxyphenyl)propanehydrazide (0.144 mmol) is dissolved
in 2ml methanol and 1 equivalent 5 bromo 2 hydroxy benzaldehyde (0.144 mmol) is
added and stirred overnight.
Product filtered and dried obtaining a yellow solid (0.0345g, 48% yield)

1H

NMR (400 MHz, DMSO) δ 11.74 (s, 2H), 11.24 (s, 1H), 11.13 (s, 2H), 10.87 (s, 2H),

10.85 (s, 1H), 10.38 (s, 1H), 8.94 (s, 1H), 8.30 (s, 2H), 8.18 (s, 1H), 7.90 (d, J = 2.5 Hz,
1H), 7.84 (d, J = 2.5 Hz, 1H), 7.71 (d, J = 2.5 Hz, 2H), 7.54 (dd, J = 8.8, 2.5 Hz, 1H),
7.43 – 7.16 (m, 19H), 7.00 (ddd, J = 22.3, 13.0, 6.4 Hz, 4H), 6.93 – 6.69 (m, 13H),
4.80 – 4.62 (m, 3H), 3.67 (s, 6H), 3.66 (s, 4H), 3.05 (dd, J = 14.6, 7.8 Hz, 2H), 2.90
(dd, J = 14.6, 7.9 Hz, 2H).
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13C

NMR (101 MHz, DMSO) δ 172.60, 167.08, 160.78, 157.70, 157.47, 157.42,

156.22, 155.47, 143.80, 138.24, 136.96, 136.66, 136.45, 135.53, 133.39, 133.11,
131.60, 130.35, 128.56, 128.49, 127.88, 126.38, 126.32, 122.81, 121.76, 121.55,
121.20, 121.04, 120.95, 120.60, 118.95, 118.78, 118.72, 118.58, 118.41, 118.26,
118.24, 117.93, 117.69, 113.59, 113.50, 111.38, 110.81, 110.59, 110.38, 54.92,
54.90, 41.02, 37.76, 37.71.
MS (ESI): calculated for [M+Na]+ C25H22BrN3NaO3 514.0742, found: 514.1528
MT-60: N'-(2,3-dihydroxybenzylidene)
-3-(1H-indol-3-yl)-3-(4methoxyphenyl)propanehydrazide

3-(1H-indol-3-yl)-3-(4-methoxyphenyl)propanehydrazide (0.144 mmol) is dissolved
in 2ml methanol and 1 equivalent 2,3 di hydroxy salicylaldehyde (0.144 mmol) is
added and stirred overnight.
Product filtered and dried obtaining a white solid (0.038g, 61% yield)

1H

NMR (400 MHz, DMSO) δ 11.67 (s, 2H), 11.19 (s, 1H), 10.91 (s, 2H), 10.86 (dd, J =

12.4, 1.7 Hz, 3H), 9.50 (s, 1H), 9.38 (s, 1H), 9.18 (s, 2H), 8.29 (s, 2H), 8.25 (s, 1H),
7.38 – 7.27 (m, 8H), 7.24 (d, J = 8.7 Hz, 7H), 7.14 (dd, J = 7.8, 1.3 Hz, 1H), 7.02 (td, J =
7.6, 3.8 Hz, 3H), 6.95 – 6.84 (m, 5H), 6.81 (ddd, J = 12.5, 7.1, 5.0 Hz, 9H), 6.70 (td, J =
7.8, 2.7 Hz, 3H), 4.75 (dt, J = 12.1, 7.8 Hz, 3H), 3.68 (s, 6H), 3.67 (s, 3H), 3.44 (dd, J =
15.0, 7.9 Hz, 1H), 3.22 (dd, J = 15.0, 7.7 Hz, 1H), 3.05 (dd, J = 14.6, 7.9 Hz, 2H), 2.91
(dd, J = 14.6, 7.8 Hz, 2H).
13C

NMR (101 MHz, DMSO) δ 172.18, 166.85, 157.48, 157.41, 147.06, 145.85,

145.61, 145.52, 145.14, 141.53, 136.99, 136.70, 136.47, 128.58, 128.49, 126.42,
126.34, 121.55, 121.05, 120.97, 120.60, 119.86, 119.35, 119.09, 118.79, 118.76,
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118.71, 118.27, 118.21, 118.05, 117.72, 117.22, 117.18, 116.51, 113.60, 113.51,
111.40, 111.36, 54.92, 54.91, 41.02, 38.67, 37.76, 37.41.
MS (ESI): calculated for [M+Na]+ C25H23N3NaO4 452.4658, found: 452.4318
MT-61: N'-(2,5-dihydroxybenzylidene)
-3-(1H-indol-3-yl)-3-(4methoxyphenyl)propanehydrazide

3-(1H-indol-3-yl)-3-(4-methoxyphenyl)propanehydrazide (0.144 mmol) is dissolved
in 2ml methanol and 1 equivalent 2,5 di hydroxy salicylaldehyde (0.144 mmol) is
added and stirred overnight.
Product filtered and dried obtaining a white solid (0.038g, 61% yield)

1H

NMR (400 MHz, DMSO) δ 11.55 (s, 2H), 11.12 (s, 1H), 10.85 (d, J = 6.9 Hz, 3H),

10.20 (s, 2H), 9.38 (s, 1H), 8.93 (d, J = 3.2 Hz, 3H), 8.25 (s, 2H), 8.19 (s, 1H), 7.36 –
7.20 (m, 14H), 7.19 (d, J = 2.0 Hz, 1H), 7.13 (d, J = 2.8 Hz, 1H), 7.02 (t, J = 7.6 Hz, 3H),
6.93 – 6.83 (m, 5H), 6.80 (dd, J = 8.6, 5.1 Hz, 6H), 6.75 – 6.60 (m, 6H), 4.73 (dt, J =
15.7, 7.8 Hz, 3H), 3.67 (s, 6H), 3.67 (s, 4H), 3.46 (dd, J = 14.9, 8.1 Hz, 1H), 3.21 (dd, J
= 15.1, 7.6 Hz, 1H), 3.02 (dd, J = 14.5, 7.8 Hz, 2H), 2.88 (dd, J = 14.6, 7.8 Hz, 2H).
13C

NMR (101 MHz, DMSO) δ 172.24, 166.74, 157.40, 149.91, 149.77, 149.24,

145.52, 136.67, 136.40, 128.44, 126.28, 121.48, 120.99, 120.47, 118.91, 118.74,
118.20, 117.68, 116.90, 113.53, 111.34, 54.87, 40.99, 37.71.
MS (ESI): calculated for [M+Na]+ C25H23N3NaO4 452.4658, found: 452.2184

2nd generation p-chloro derivatives
MT-63: methyl 3-(4-chlorophenyl)-3-(1H-indol-3-yl)propanoate
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DBU (5 mmol) in 15 ml acetonitrile was added drop wise to a solution of 3-(4chlorophenyl)-3-(1H-indol-3-yl)propanoic acid (4 mmol) in 20 ml acetonitrile
followed by drop wise addition of methyl iodide (40 mmol). The solution is refluxed
overnight. Solvent is dried invacuo and taken up in 20ml DCM. Product washed with
1M potassium hydrogen sulphate followed by brine. Dried over Na2SO4 and purified
by flash column chromatography 30% ethyl acetate/ petroleum ether. Obtained
brown red solid (0.815g 58% yield)

1H

NMR (400 MHz, CDCl3) δ 8.07 (s, 1H), 7.53 – 6.94 (m, 5H), 4.81 (t, J = 7.8 Hz, 1H),

3.62 (s, 1H), 3.09 (ddd, J = 23.7, 15.3, 7.9 Hz, 1H).
13C

NMR (101 MHz, CDCl3) δ 172.50, 142.26, 136.64, 132.25, 129.19, 128.71,

126.45, 122.44, 121.22, 119.64, 119.39, 118.27, 111.31, 51.89, 41.15, 38.71.
MS (ESI): calculated for [M+Na]+ C18H16ClNNaO2 336.0767, found: 336.0799
MT-64: 3-(4-chlorophenyl)-3-(1H-indol-3-yl)propanehydrazide

Hydrazine monohydrate (75.5 mmol) is added to methyl 3-(4-chlorophenyl)-3-(1Hindol-3-yl)propanoate (7.5 mmol) dissolved in 20ml ethanol and refluxed overnight.
Solvent is evaporated to dryness and product is triturated with diethyl ether
yielding pure product. The title compound was obtained as a white solid (1.2018g,
51% yield)
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1H

NMR (400 MHz, DMSO) δ 10.92 (s, 1H), 9.04 (s, 1H), 7.71 – 6.61 (m, 8H), 4.69 (t, J

= 7.3 Hz, 1H), 4.11 (s, 2H), 2.77 (ddd, J = 65.4, 14.2, 7.8 Hz, 2H).
13C

NMR (101 MHz, DMSO) δ 169.81, 144.15, 136.44, 130.40, 129.46, 128.11,

126.30, 121.84, 121.10, 118.63, 118.35, 117.01, 111.43, 40.11, 38.02.
MS (ESI): calculated for [M+Na]+ C17H16ClN3NaO2 352.0829, found: 352.0454
MT-70: 3-(4-chlorophenyl)-N'-(3,5-dichloro-2-hydroxybenzylidene)
-3-(1H-indol-3yl)propanehydrazide

3-(1H-indol-3-yl)-3-(4-chlorophenyl)propanehydrazide (0.1593 mmol) is dissolved in
2ml methanol and 1 equivalent 3,5 di chloro salicylaldehyde (0.1593 mmol) is
added and stirred overnight.
Product filtered and dried obtaining a white solid (0.0442g, 57% yield)

1H

NMR (400 MHz, DMSO) δ 12.26 (s, 1H), 12.08 (s, 1H), 11.47 (s, 1H), 10.95 (s, 1H),

10.92 (s, 1H), 10.58 (s, 1H), 9.10 (s, 1H), 8.28 (s, 1H), 8.20 (s, 1H), 7.80 – 7.54 (m,
3H), 7.34 (dd, J = 13.2, 6.2 Hz, 9H), 7.03 (t, J = 7.5 Hz, 1H), 6.89 (t, J = 7.3 Hz, 1H),
4.78 (t, J = 7.6 Hz, 1H), 3.49 – 3.41 (m, 1H), 3.27 (s, 1H), 3.12 (dd, J = 15.0, 6.9 Hz,
1H), 2.99 (dd, J = 14.6, 8.2 Hz, 1H).
13C

NMR (101 MHz, DMSO) δ 167.06, 152.05, 145.39, 143.65, 136.44, 130.58,

130.12, 129.59, 129.45, 128.31, 128.19, 128.03, 126.12, 122.86, 121.85, 121.38,
121.19, 120.70, 118.61, 118.44, 116.78, 111.49, 40.43, 37.91.
MS (ESI): calculated for [M+Na]+ C24H18Cl3N3NaO2 508.0362, found: 508.0948
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MT-71: 3-(4-chlorophenyl)-N'-(2-hydroxy-3,5-dinitrobenzylidene)-3-(1H-indol-3yl)propanehydrazide

3-(1H-indol-3-yl)-3-(4-chlorophenyl)propanehydrazide (0.1593 mmol) is dissolved in
2ml methanol and 1 equivalent 3,5 di nitro salicylaldehyde (0.1593 mmol) is added
and stirred overnight.
Product filtered and dried obtaining a yellow/orange solid (0.0712g, 88% yield)

1H

NMR (400 MHz, DMSO) δ 12.16 (s, 1H), 11.44 (s, 1H), 10.96 (s, 1H), 10.93 (s, 1H),

8.72 (s, 2H), 8.67 (d, J = 2.9 Hz, 1H), 8.65 (d, J = 2.9 Hz, 1H), 8.51 (s, 1H), 8.30 (s, 1H),
7.44 – 7.22 (m, 9H), 7.02 (dd, J = 14.3, 6.9 Hz, 1H), 6.88 (dd, J = 15.9, 8.0 Hz, 1H),
4.79 (t, J = 6.6 Hz, 2H), 3.51 – 3.32 (m, 1H), 3.16 – 3.07 (m, 1H), 3.00 (dd, J = 14.9,
7.9 Hz, 1H).
13C

NMR (101 MHz, DMSO) δ 167.35, 144.02, 143.64, 137.27, 136.47, 130.64,

130.51, 129.57, 129.50, 128.33, 128.24, 128.10, 126.23, 126.15, 122.30, 122.08,
121.90, 121.24, 121.13, 118.65, 118.48, 118.41, 117.05, 116.78, 111.53, 40.46,
37.96.
MS (ESI): calculated for [M+Na]+ C24H18ClN5NaO6 530.0843, found: 530.1411
MT-72: N'-(3-bromo-5-chloro-2-hydroxybenzylidene)
-3-(4-chlorophenyl)-3-(1Hindol-3-yl)propanehydrazide
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3-(1H-indol-3-yl)-3-(4-chlorophenyl)propanehydrazide (0.1593 mmol) is dissolved in
2ml methanol and 1 equivalent 3 bromo 5 chloro salicylaldehyde (0.1593 mmol) is
added and stirred overnight.
Product filtered and dried obtaining a light yellow solid (0.0 89g, 10.5% yield)

1H

NMR (400 MHz, DMSO) δ 12.44 (s, 5H), 12.09 (s, 5H), 11.50 (s, 1H), 10.93 (t, J =

5.8 Hz, 6H), 10.66 (s, 1H), 8.25 (s, 5H), 8.16 (s, 1H), 7.75 – 7.61 (m, 12H), 7.42 – 7.23
(m, 43H), 7.03 (t, J = 7.6 Hz, 6H), 6.89 (t, J = 7.6 Hz, 6H), 4.79 (t, J = 7.8 Hz, 6H), 3.45
(dd, J = 15.3, 7.5 Hz, 2H), 3.12 (dd, J = 14.8, 7.7 Hz, 5H), 3.00 (dd, J = 14.8, 8.0 Hz,
5H).
13C

NMR (101 MHz, DMSO) δ 167.04, 153.03, 145.55, 143.60, 136.41, 132.83,

130.55, 129.55, 129.41, 129.15, 128.15, 128.00, 126.08, 123.16, 121.81, 121.15,
120.25, 118.57, 118.40, 116.74, 111.45, 110.69, 40.37, 37.87.
MS (ESI): calculated for [M+Na]+ C24H18BrCl2N3NaO2 551.9857, found: 551.9548

MT-73: 3-(4-chlorophenyl)-N'-(2-hydroxy-3,5-diiodobenzylidene)-3-(1H-indol-3yl)propanehydrazide

3-(1H-indol-3-yl)-3-(4-chlorophenyl)propanehydrazide (0.1593 mmol) is dissolved in
2ml methanol and 1 equivalent 3,5 di iodo salicylaldehyde (0.1593 mmol) is added
and stirred overnight.
Product filtered and dried obtaining a light yellow solid (0.0529g, 49.5% yield)
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1H

NMR (400 MHz, DMSO) δ 12.66 (s, 1H), 12.08 (s, 1H), 10.94 (s, 1H), 8.15 (s, 1H),

8.01 (s, 1H), 7.85 (s, 1H), 7.31 (s, 7H), 7.03 (s, 1H), 6.89 (s, 1H), 4.78 (s, 1H), 3.11 (s,
1H), 3.00 (s, 1H).
13C

NMR (101 MHz, DMSO) δ 167.00, 156.38, 146.29, 145.51, 143.60, 138.66,

136.40, 130.54, 129.41, 128.14, 126.08, 121.81, 121.15, 120.22, 118.58, 118.40,
116.75, 111.45, 87.60, 82.00, 40.32, 37.88.
MS (ESI): calculated for [M+Na]+ C24H18ClI2N3NaO2 691.9075, found: 691.9114
MT-74: N'-(5-bromo-2-hydroxybenzylidene)
-3-(4-chlorophenyl)-3-(1H-indol-3yl)propanehydrazide

3-(1H-indol-3-yl)-3-(4-chlorophenyl)propanehydrazide (0.1593 mmol) is dissolved in
2ml methanol and 1 equivalent 5 bromo 2 hydroxy benzaldehyde (0.1593 mmol) is
added and stirred overnight.
Product filtered and dried obtaining a light yellow solid (0.045g, 57% yield)

1H

NMR (400 MHz, DMSO) δ 11.76 (s, 3H), 11.27 (s, 2H), 11.13 (d, J = 16.5 Hz, 6H),

10.93 (d, J = 10.2 Hz, 5H), 10.38 (s, 2H), 8.95 (s, 3H), 8.30 (s, 3H), 8.19 (s, 2H), 7.91
(s, 3H), 7.84 (s, 2H), 7.72 (s, 3H), 7.55 (d, J = 6.9 Hz, 3H), 7.45 – 7.23 (m, 44H), 7.08 –
6.81 (m, 20H), 4.79 (d, J = 8.2 Hz, 5H), 3.08 (dd, J = 14.2, 7.7 Hz, 4H), 2.95 (dd, J =
15.0, 7.6 Hz, 4H).
13C NMR (101 MHz, DMSO) δ 166.56, 151.55, 144.89, 143.15, 135.94, 130.08,
129.62, 129.09, 128.95, 127.81, 127.69, 127.53, 125.62, 122.36, 121.35, 120.88,
120.69, 120.20, 118.11, 117.94, 116.28, 110.99, 39.93, 37.41.
MS (ESI): calculated for [M+Na]+ C24H19BrClN3NaO2 518.0247, found: 518.0277
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MT-75: 3-(4-chlorophenyl)-N'-(2,3-dihydroxybenzylidene)
-3-(1H-indol-3yl)propanehydrazide

3-(1H-indol-3-yl)-3-(4-chlorophenyl)propanehydrazide (0.318 mmol) is dissolved in
2ml methanol and 1 equivalent 2,3 di hydroxyl benzaldehyde (0.318 mmol) is added
and stirred overnight.
Product filtered and dried obtaining a white solid (0.137g, 73.7% yield)

1H

NMR (400 MHz, DMSO) δ 11.68 (s, 4H), 11.22 (s, 2H), 11.00 – 10.83 (m, 10H),

9.51 (s, 2H), 9.33 (s, 2H), 9.19 (s, 4H), 8.28 (d, J = 13.0 Hz, 6H), 7.45 – 7.24 (m, 48H),
7.15 (d, J = 7.8 Hz, 3H), 7.03 (dd, J = 13.0, 5.6 Hz, 8H), 6.97 – 6.77 (m, 19H), 6.71 (t, J
= 7.8 Hz, 6H), 4.80 (q, J = 7.9 Hz, 6H), 3.27 (dd, J = 15.2, 8.0 Hz, 3H), 3.08 (dd, J =
14.6, 7.8 Hz, 5H), 2.95 (dd, J = 14.6, 7.9 Hz, 5H).
13C

NMR (101 MHz, DMSO) δ 171.89, 166.54, 147.10, 145.81, 145.56, 145.48,

145.10, 144.03, 143.75, 141.52, 136.41, 130.51, 130.37, 129.53, 129.42, 128.14,
128.02, 126.20, 126.13, 121.80, 121.14, 121.06, 120.57, 119.78, 119.28, 119.05,
118.66, 118.58, 118.55, 118.39, 118.33, 117.23, 117.19, 117.05, 116.83, 116.46,
111.45, 111.41, 40.54, 38.26, 37.92, 37.54.
MS (ESI): calculated for [M+Na]+ C24H20ClN3NaO3 456.1091, found: 456.1533
MT-76: 3-(4-chlorophenyl)-N'-(2,5-dihydroxybenzylidene)
-3-(1H-indol-3yl)propanehydrazide
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3-(1H-indol-3-yl)-3-(4-chlorophenyl)propanehydrazide (0.159 mmol) is dissolved in
2ml methanol and 1 equivalent 2,5 di hydroxyl benzaldehyde (0.159 mmol) is added
and stirred overnight.
Product filtered and dried obtaining a white solid (0.0235g, 68.5% yield)

1H

NMR (400 MHz, DMSO) δ 11.59 (s, 1H), 11.17 (s, 1H), 10.94 (d, J = 8.0 Hz, 2H),

10.19 (s, 1H), 8.95 (d, J = 7.8 Hz, 2H), 8.26 (s, 1H), 8.20 (s, 1H), 7.43 – 7.21 (m, 15H),
7.13 (d, J = 2.7 Hz, 1H), 7.04 (t, J = 7.2 Hz, 2H), 6.90 (dd, J = 7.6, 3.8 Hz, 3H), 6.74 –
6.64 (m, 4H), 4.78 (dd, J = 13.9, 6.2 Hz, 2H), 3.26 (dd, J = 15.2, 7.9 Hz, 1H), 3.06 (dd, J
= 14.6, 7.8 Hz, 1H), 2.92 (dd, J = 14.7, 8.0 Hz, 1H).
13C NMR (101 MHz, DMSO) δ 166.56, 149.99, 149.84, 149.33, 145.69, 144.12,
143.84, 136.47, 130.55, 129.49, 128.20, 126.28, 126.20, 121.85, 121.20, 118.98,
118.78, 118.66, 118.47, 118.44, 117.27, 117.02, 116.99, 116.91, 113.57, 111.51,
111.47, 40.64, 37.99.
MS (ESI): calculated for [M+Na]+ C24H20ClN3NaO3 456.1091, found: 456.1623

2nd generation 2-furyl derivatives
MT-66: methyl 3-(furan-2-yl)-3-(1H-indol-3-yl)propanoate

DBU (5 mmol) in 15 ml acetonitrile was added drop wise to a solution of 3-(furan-2yl)-3-(1H-indol-3-yl)propanoic acid (4 mmol) in 20 ml acetonitrile followed by drop
wise addition of methyl iodide (40 mmol). The solution is refluxed overnight.
Solvent is dried invacuo and taken up in 20ml DCM. Product washed with 1M
potassium hydrogen sulphate followed by brine. Dried over Na2SO4 and purified by

139

flash column chromatography 30% ethyl acetate/ petroleum ether. Obtained brown
red solid (0.815g 58% yield)

1H NMR (400 MHz, CDCl3) δ 8.09 (s, 1H), 7.63 – 7.51 (m, 1H), 7.34 (dd, J = 4.6, 3.7
Hz, 2H), 7.23 – 7.16 (m, 1H), 7.14 – 7.03 (m, 2H), 6.29 (dd, J = 3.2, 1.9 Hz, 1H), 4.90
(t, J = 7.7 Hz, 1H), 3.20 (dd, J = 15.5, 7.8 Hz, 1H), 3.08 (dd, J = 15.5, 7.6 Hz, 1H).
13C NMR (101 MHz, CDCl3) δ 172.48, 156.46, 141.50, 136.46, 126.29, 122.24,
121.99, 119.61, 119.36, 116.01, 111.37, 110.24, 105.69, 51.88, 39.33, 33.22.
MS (ESI): calculated for [M+Na]+ C16H15NNaO3 292.0950, found: 292.0914
MT-67: 3-(furan-2-yl)-3-(1H-indol-3-yl)propanehydrazide

Hydrazine monohydrate (45.2 mmol) is added methyl 3-(furan-2-yl)-3-(1H-indol-3yl)propanoate (4.53 mmol) dissolved in 20ml ethanol and refluxed overnight.
Solvent is evaporated to dryness and product is triturated with ethyl acetate
yielding pure product. The title compound was obtained as a white solid (0.4317g,
30% yield)

1H

NMR (400 MHz, DMSO) δ 10.90 (s, 1H), 9.09 (s, 1H), 7.48 – 7.39 (m, 2H), 7.32 (d,

J = 8.1 Hz, 1H), 7.17 (d, J = 2.3 Hz, 1H), 7.08 – 7.00 (m, 1H), 6.96 – 6.89 (m, 1H), 6.31
(dd, J = 3.1, 1.9 Hz, 1H), 6.13 (d, J = 3.2 Hz, 1H), 4.76 (t, J = 7.7 Hz, 1H), 4.14 (s, 2H),
2.83 (dd, J = 14.4, 7.4 Hz, 1H), 2.75 (dd, J = 14.4, 8.0 Hz, 1H).
13C

NMR (101 MHz, DMSO) δ 169.64, 157.43, 141.30, 136.32, 126.19, 122.32,

121.00, 118.71, 118.36, 114.85, 111.47, 110.20, 104.78, 38.07, 32.42.
MS (ESI): calculated for [M+Na]+ C15H15N3NaO2 292.1062, found: 292.1009
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MT-80: N'-(3,5-dichloro-2-hydroxybenzylidene)
-3-(furan-2-yl)-3-(1H-indol-3yl)propanehydrazide

3-(furan-2-yl)-3-(1H-indol-3-yl)propanehydrazide (0.1856 mmol) is dissolved in 2ml
methanol and 1 equivalent 3,5 di chloro salicylaldehyde (0.1856 mmol) is added
and stirred overnight.
Product filtered and dried obtaining a white solid (0.0654g, 79.7% yield)

1H NMR (400 MHz, DMSO) δ 12.27 (s, 3H), 12.11 (s, 3H), 11.52 (s, 1H), 10.93 (d, J =
9.5 Hz, 4H), 10.58 (s, 1H), 8.24 (d, J = 31.2 Hz, 4H), 7.62 (tt, J = 6.2, 3.1 Hz, 8H), 7.48
(dd, J = 9.5, 4.2 Hz, 8H), 7.33 (dd, J = 8.1, 4.0 Hz, 4H), 7.21 (dd, J = 10.8, 2.3 Hz, 4H),
7.04 (dd, J = 13.5, 6.3 Hz, 4H), 6.94 (t, J = 7.1 Hz, 4H), 6.39 – 6.27 (m, 4H), 6.17 (dd, J
= 12.1, 3.1 Hz, 4H), 4.84 (t, J = 7.7 Hz, 4H), 3.42 – 3.37 (m, 2H), 3.19 – 3.08 (m, 4H),
3.00 (dd, J = 14.8, 7.8 Hz, 3H).
13C NMR (101 MHz, DMSO) δ 166.83, 143.50, 143.12, 136.75, 135.95, 130.12,
129.99, 129.05, 128.98, 127.81, 127.72, 127.58, 125.71, 125.63, 121.78, 121.56,
121.38, 120.72, 120.61, 118.13, 117.96, 117.89, 116.53, 116.26, 111.01, 39.94,
37.44.
MS (ESI): calculated for [M+Na]+ C22H17Cl2N3NaO3 464.0545, found: 464.1757
MT-81: 3-(furan-2-yl)-N'-(2-hydroxy-3,5-dinitrobenzylidene)-3-(1H-indol-3yl)propanehydrazide
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3-(furan-2-yl)-3-(1H-indol-3-yl)propanehydrazide (0.1856 mmol) is dissolved in 2ml
methanol and 1 equivalent 3,5 di nitro salicylaldehyde (0.1856 mmol) is added and
stirred overnight. Product filtered and dried obtaining an orange solid (, 80% yield)

1H

NMR (400 MHz, DMSO) δ 12.19 (s, 2H), 11.48 (s, 1H), 10.93 (d, J = 11.9 Hz, 3H),

8.69 (dq, J = 10.6, 2.9 Hz, 6H), 8.51 (s, 2H), 8.31 (s, 1H), 7.57 – 7.39 (m, 6H), 7.32 (t, J
= 7.7 Hz, 3H), 7.22 (dd, J = 12.2, 2.2 Hz, 3H), 7.04 (dd, J = 16.6, 8.7 Hz, 3H), 6.98 –
6.89 (m, 3H), 6.33 (ddd, J = 7.2, 3.0, 1.9 Hz, 3H), 6.18 (dd, J = 12.3, 3.1 Hz, 3H), 4.85
(t, J = 7.3 Hz, 3H), 3.47 (dd, J = 15.0, 7.6 Hz, 1H), 3.39 (dd, J = 14.8, 7.7 Hz, 1H), 3.15
– 3.09 (m, 2H), 3.01 (dd, J = 14.9, 7.8 Hz, 2H).
13C

NMR (101 MHz, DMSO) δ 172.41, 167.20, 157.62, 157.26, 156.91, 144.08,

141.56, 141.43, 137.36, 137.28, 137.15, 136.39, 128.36, 126.69, 126.10, 126.02,
124.84, 122.76, 122.55, 122.27, 122.21, 121.13, 121.03, 118.74, 118.51, 118.43,
114.77, 114.49, 111.61, 111.57, 110.32, 110.27, 105.11, 105.02, 38.64, 36.69, 32.49,
32.41.
MS (ESI): calculated for [M+Na]+ C22H17N5NaO7 486.1026, found: 486.1291
MT-82: N'-(3-bromo-5-chloro-2-hydroxybenzylidene)
-3-(furan-2-yl)-3-(1H-indol-3yl)propanehydrazide

3-(furan-2-yl)-3-(1H-indol-3-yl)propanehydrazide (0.1856 mmol) is dissolved in 2ml
methanol and 1 equivalent 3 bromo 5 chloro salicylaldehyde (0.1856 mmol) is
added and stirred overnight.
Product filtered and dried obtaining a light yellow solid (g, 94% yield)
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1H

NMR (400 MHz, DMSO) δ 12.46 (s, 5H), 12.14 (s, 5H), 11.57 (s, 1H), 10.94 (d, J =

9.0 Hz, 6H), 10.69 (s, 1H), 8.25 (s, 5H), 8.17 (s, 1H), 7.75 – 7.59 (m, 12H), 7.53 – 7.42
(m, 12H), 7.34 (d, J = 8.1 Hz, 6H), 7.22 (dd, J = 11.5, 2.0 Hz, 6H), 7.06 (t, J = 7.3 Hz,
6H), 6.95 (t, J = 7.3 Hz, 6H), 6.41 – 6.27 (m, 6H), 6.18 (dd, J = 11.3, 3.0 Hz, 6H), 4.85
(t, J = 7.6 Hz, 6H), 3.15 – 3.07 (m, 5H), 3.01 (dd, J = 14.8, 7.8 Hz, 5H).
13C

NMR (101 MHz, DMSO) δ 166.94, 156.93, 153.12, 145.69, 141.53, 136.38,

132.90, 129.23, 126.01, 123.23, 122.51, 121.12, 120.30, 118.73, 118.49, 114.53,
111.60, 110.76, 110.29, 105.07, 38.60, 32.46.
MS (ESI): calculated for [M+Na]+ C22H17BrClN3NaO3 508.0040, found: 508.0049
MT-83: 3-(furan-2-yl)-N'-(2-hydroxy-3,5-diiodobenzylidene)-3-(1H-indol-3yl)propanehydrazide

3-(furan-2-yl)-3-(1H-indol-3-yl)propanehydrazide (0.1856 mmol) is dissolved in 2ml
methanol and 1 equivalent 3,5 di iodo salicylaldehyde (0.1856 mmol) is added and
stirred overnight. Product filtered and dried obtaining an light yellow solid (, 70%
yield)

1H

NMR (400 MHz, DMSO) δ 12.69 (s, 1H), 12.12 (s, 1H), 10.94 (d, J = 1.9 Hz, 1H),

8.15 (s, 1H), 8.01 (d, J = 2.0 Hz, 1H), 7.86 (d, J = 2.0 Hz, 1H), 7.52 – 7.40 (m, 2H), 7.33
(d, J = 8.1 Hz, 1H), 7.22 (d, J = 2.4 Hz, 1H), 7.05 (dd, J = 11.1, 4.0 Hz, 1H), 6.95 (dd, J =
11.0, 3.9 Hz, 1H), 6.33 (dd, J = 3.1, 1.9 Hz, 1H), 6.19 (d, J = 3.2 Hz, 1H), 4.84 (t, J = 7.7
Hz, 1H), 3.13 (dd, J = 14.9, 7.8 Hz, 1H), 3.00 (dd, J = 14.8, 7.8 Hz, 1H).
13C NMR (101 MHz, DMSO) δ 166.89, 156.92, 156.45, 146.35, 145.63, 141.52,
138.74, 136.36, 126.00, 122.50, 121.10, 120.27, 118.72, 118.48, 114.52, 111.58,
110.28, 105.05, 87.69, 82.09, 38.55, 32.45.
MS (ESI): calculated for [M+Na]+ C22H17I2N3NaO3 647.9257, found: 647.9506
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MT-84: 3-(furan-2-yl)-N'-(2-hydroxy-3,5-diiodobenzylidene)-3-(1H-indol-3yl)propanehydrazide4

3-(furan-2-yl)-3-(1H-indol-3-yl)propanehydrazide (0.1856 mmol) is dissolved in 2ml
methanol and 1 equivalent 5 bromo 2 hydroxy benzaldehyde (0.1856 mmol) is
added and stirred overnight. Product filtered and dried obtaining an white solid (,
75% yield)

1H

NMR (400 MHz, DMSO) δ 11.79 (s, 2H), 11.33 (s, 1H), 11.11 (s, 2H), 10.92 (d, J =

7.5 Hz, 3H), 10.38 (s, 1H), 8.29 (s, 2H), 8.19 (s, 1H), 7.82 (d, J = 2.5 Hz, 1H), 7.72 (d, J
= 2.5 Hz, 2H), 7.48 (dt, J = 10.3, 6.0 Hz, 6H), 7.38 (ddd, J = 8.6, 6.0, 2.6 Hz, 3H), 7.33
(dd, J = 8.1, 3.2 Hz, 3H), 7.21 (dd, J = 9.2, 2.3 Hz, 3H), 7.11 – 6.99 (m, 3H), 6.94 (t, J =
7.5 Hz, 3H), 6.86 (d, J = 8.8 Hz, 3H), 6.32 (ddd, J = 4.9, 3.2, 1.9 Hz, 3H), 6.17 (dd, J =
12.6, 3.2 Hz, 3H), 4.84 (dt, J = 10.8, 7.7 Hz, 3H), 3.40 (dd, J = 7.7, 3.3 Hz, 2H), 3.08
(dd, J = 14.8, 7.7 Hz, 2H), 2.96 (dd, J = 14.8, 7.8 Hz, 2H).
13C

NMR (101 MHz, DMSO) δ 172.13, 166.66, 157.36, 157.04, 156.24, 155.47,

143.96, 141.45, 141.33, 138.35, 136.35, 133.43, 133.16, 130.34, 127.79, 126.10,
126.04, 122.77, 122.50, 122.44, 121.19, 121.07, 121.00, 118.70, 118.64, 118.59,
118.44, 114.87, 114.60, 111.54, 110.82, 110.40, 110.25, 110.22, 104.98, 104.92,
38.71, 36.64, 32.45, 32.29.
MS (ESI): calculated for [M+Na]+ C22H18BrN3NaO3 474.0429, found: 474.0898
MT-85: N'-(2,3-dihydroxybenzylidene)
-3-(furan-2-yl)-3-(1H-indol-3yl)propanehydrazide
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3-(furan-2-yl)-3-(1H-indol-3-yl)propanehydrazide (0.1856 mmol) is dissolved in 2ml
methanol and 1 equivalent 2,3 di hydroxyl benzaldehyde (0.1856 mmol) is added
and stirred overnight. Product filtered and dried obtaining an white solid (, 80%
yield)
1H NMR (400 MHz, DMSO) δ 11.71 (s, 2H), 11.27 (s, 1H), 10.98 – 10.83 (m, 5H), 9.52
(s, 1H), 9.34 (s, 1H), 9.21 (s, 2H), 8.26 (d, J = 11.4 Hz, 3H), 7.48 (dd, J = 8.5, 4.2 Hz,
6H), 7.33 (dd, J = 8.0, 4.0 Hz, 3H), 7.25 – 7.08 (m, 4H), 7.08 – 7.00 (m, 3H), 6.98 –
6.87 (m, 5H), 6.81 (dd, J = 7.9, 1.6 Hz, 3H), 6.69 (td, J = 7.8, 5.1 Hz, 3H), 6.36 – 6.29
(m, 3H), 6.19 (d, J = 3.2 Hz, 2H), 6.15 (d, J = 3.2 Hz, 1H), 4.90 – 4.79 (m, 3H), 3.08
(dd, J = 14.8, 7.7 Hz, 2H), 2.96 (dd, J = 14.7, 7.8 Hz, 2H).
13C NMR (101 MHz, DMSO) δ 172.02, 166.81, 157.23, 156.87, 156.52, 143.69,
141.17, 141.04, 136.97, 136.89, 136.76, 136.00, 127.97, 126.30, 125.71, 125.63,
124.45, 122.37, 122.16, 121.88, 121.82, 120.74, 120.64, 118.35, 118.12, 118.04,
114.38, 114.10, 111.22, 111.18, 109.93, 109.88, 104.72, 104.63, 38.25, 36.30, 32.10,
32.02.
MS (ESI): calculated for [M+Na]+ C22H19N3NaO4 412.1273, found: 412.1244
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2nd generation imine reduction derivatives
MT-90: N'-(5-chloro-2-hydroxybenzylidene)
-3-(4-chlorophenyl)-3-(1H-indol-3yl)propanehydrazide

3-(1H-indol-3-yl)-3-(4-chlorophenyl)propanehydrazide (0.1593 mmol) is dissolved in
2ml methanol and 1 equivalent 5 chloro 2 hydroxy benzaldehyde (0.1593 mmol) is
added and stirred overnight yielding white powder (0.1047g, 72%)
1H

NMR (400 MHz, DMSO) δ 11.77 (s, 2H), 11.29 (s, 1H), 11.10 (s, 2H), 11.03 – 10.84

(m, 3H), 10.37 (s, 1H), 8.30 (s, 2H), 8.20 (s, 1H), 7.71 (d, J = 2.7 Hz, 1H), 7.59 (d, J =
2.7 Hz, 2H), 7.47 – 7.20 (m, 23H), 7.02 (ddd, J = 8.9, 6.2, 3.2 Hz, 3H), 6.89 (ddd, J =
7.0, 6.0, 2.5 Hz, 6H), 4.78 (q, J = 7.6 Hz, 3H), 3.47 (dd, J = 15.1, 7.4 Hz, 1H), 3.30 (d, J
= 8.0 Hz, 1H), 3.07 (dd, J = 14.7, 7.8 Hz, 2H), 2.94 (dd, J = 14.7, 7.9 Hz, 2H).
13C NMR (101 MHz, DMSO) δ 172.29, 166.78, 155.80, 144.02, 143.72, 136.42,
130.59, 130.58, 130.51, 129.54, 129.42, 128.13, 128.00, 127.46, 126.20, 126.14,
122.88, 122.00, 121.82, 121.13, 120.55, 118.39, 118.10, 111.44, 37.94, 37.76.

MT-91: 3-(4-chlorophenyl)-N'-(2-hydroxy-5-nitrobenzylidene)-3-(1H-indol-3yl)propanehydrazide
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3-(1H-indol-3-yl)-3-(4-chlorophenyl)propanehydrazide (0.1593 mmol) is dissolved in
2ml methanol and 1 equivalent 5 nitro 2 hydroxy benzaldehyde (0.1593 mmol) is
added and stirred overnight yielding white powder (0.0549g, 37%)

1H

NMR (400 MHz, DMSO) δ 11.87 (s, 4H), 11.41 (s, 2H), 11.01 – 10.87 (m, 5H), 9.10

(s, 1H), 8.71 (d, J = 2.9 Hz, 1H), 8.58 (d, J = 2.9 Hz, 2H), 8.51 (d, J = 2.9 Hz, 3H), 8.43
(s, 3H), 8.31 – 8.19 (m, 3H), 8.19 – 8.09 (m, 5H), 7.33 (ddt, J = 13.6, 11.3, 8.5 Hz,
34H), 7.18 – 6.96 (m, 11H), 6.94 – 6.79 (m, 5H), 4.80 (dd, J = 18.1, 7.8 Hz, 5H), 3.09
(dd, J = 14.7, 7.7 Hz, 3H), 2.96 (dd, J = 14.7, 8.0 Hz, 3H).
13C NMR (101 MHz, DMSO) δ 172.46, 166.98, 162.41, 161.74, 143.98, 143.69,
142.74, 140.05, 139.93, 139.87, 137.39, 136.45, 136.43, 130.53, 130.43, 129.48,
129.43, 128.14, 128.03, 126.42, 126.21, 126.18, 126.14, 123.75, 122.03, 121.84,
121.45, 121.28, 121.14, 121.04, 119.81, 118.58, 118.39, 117.03, 116.80, 116.67,
111.44, 40.59, 38.55, 37.94.

MT-94 N'-(5-chloro-2-hydroxybenzyl)-3-(4-chlorophenyl)-3-(1H-indol-3yl)propanehydrazide

2 equivalents of sodium cyanoborohydride is added to a solution of an imine
derivative dissolved in a 2:1 THF: H2O solution and stirred for 18 hours. Trifluoro
acetic acid is added and pH to 3 and stirred further for 18hours. 1M solution of HCl
is added to destroy excess hydride and
1H

NMR (400 MHz, DMSO) δ 10.98 (d, J = 2.0 Hz, 1H), 7.61 – 6.12 (m, 6H), 4.69 (t, J =

7.9 Hz, 1H), 4.26 – 3.77 (m, 1H), 2.93 (ddd, J = 22.9, 14.7, 7.8 Hz, 1H).
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MT-95 3-(4-chlorophenyl)-N'-(2-hydroxy-5-nitrobenzyl)-3-(1H-indol-3yl)propanehydrazide

2 equivalents of sodium cyanoborohydride is added to a solution of an imine
derivative dissolved in a 2:1 THF: H2O solution and stirred for 18 hours. Trifluoro
acetic acid is added and pH to 3 and stirred further for 18hours. 1M solution of HCl
is added to destroy excess hydride and
1H

NMR (400 MHz, DMSO) δ 10.98 (d, J = 2.0 Hz, 2H), 7.40 – 7.09 (m, 23H), 7.08 –

6.96 (m, 3H), 6.89 (dd, J = 11.4, 4.6 Hz, 5H), 4.69 (t, J = 7.9 Hz, 2H), 4.05 – 3.90 (m,
4H), 3.00 (dd, J = 14.8, 7.6 Hz, 2H), 2.86 (dd, J = 14.7, 8.2 Hz, 2H).

3rd generation-Indoline derivatives
MT-184: methyl 3-(furan-2-yl)-3-(indolin-1-yl)propanoate
A solution of Trimethyl borate (89 μL, 83 mg, 0.80 mmol), indoline (0.40 mmol), and
aldehyde (0.60 mmol) in DMSO (1.0 mL) was stirred for 10 min at room
temperature. To the solution was added ketene silyl acetal 4 (0.60 mmol) at room
temperature. The mixture was stirred at room temperature for overnight,
quenched with ice water, and extracted with ethyl acetate. The organic layer was
washed with water, and the aqueous layer was extracted with ethyl acetate. The
combined organic layer was dried with Na2SO4 and filtered, and the solvents
evaporated under vacuum. Crude product purified by flash chromatography using
15% ethyl acetate in petroleum ether yielding β-amino esters
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1H

NMR (400 MHz, CDCl3) δ 7.32 (dd, J = 1.8, 0.8 Hz, 1H), 7.14 – 7.01 (m, 2H), 6.66

(t, J = 7.3 Hz, 2H), 6.28 (dd, J = 3.2, 1.8 Hz, 1H), 6.18 (dd, J = 3.2, 0.7 Hz, 1H), 5.28 (t,
J = 7.6 Hz, 1H), 3.67 (s, 3H), 3.46 (dd, J = 15.1, 8.3 Hz, 1H), 3.12 (dd, J = 18.3, 8.6 Hz,
1H), 3.05 – 2.86 (m, 4H).
13C

NMR (101 MHz, CDCl3) δ 171.59, 152.61, 150.55, 142.22, 130.04, 127.36,

124.67, 118.10, 110.16, 107.77, 107.74, 52.09, 50.72, 47.86, 35.50, 28.30.
MS (ESI): calculated for [M+Na]+ C16H17NNaO3 294.1106, found: 294.1144
MT-187: 3-(furan-2-yl)-3-(indolin-1-yl)propanehydrazide

MT-184 (0.59mmol) and 10 equivalents of hydrazine monohydrate (5.9mmol) in 2
ml ethanol was refluxed overnight. Ethanol is evaporated under reduced pressure
and triturated with diethyl ether yielding product as a white powder (67mg, 42%
yield)
1H

NMR (400 MHz, DMSO) δ 9.18 (s, 2H), 7.57 – 7.49 (m, 2H), 6.98 (t, J = 7.6 Hz, 4H),

6.63 (d, J = 7.8 Hz, 2H), 6.54 (t, J = 7.3 Hz, 2H), 6.36 (dd, J = 3.1, 1.9 Hz, 2H), 6.32 (d, J
= 3.0 Hz, 2H), 5.19 (t, J = 7.5 Hz, 2H), 4.24 (s, 3H), 3.47 (td, J = 8.7, 5.4 Hz, 2H), 2.96
(t, J = 9.2 Hz, 2H), 2.87 – 2.73 (m, 4H), 2.68 (d, J = 7.3 Hz, 4H).
13C

NMR (101 MHz, DMSO) δ 168.73, 152.90, 150.59, 142.37, 129.40, 126.95,

124.25, 117.26, 110.06, 107.65, 107.50, 49.76, 47.14, 34.80, 27.49.
MS (ESI): calculated for [M+Na]+ C15H17N3NaO2 294.1218, found: 294.1257
MT-223: N'-(5-bromo-2-hydroxybenzylidene)
-3-(furan-2-yl)-3-(indolin-1yl)propanehydrazide
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3-(furan-2-yl)-3-(indolin-1-yl)propanehydrazide (0.3687 mmol) is dissolved in 2ml
methanol and 1 equivalent 5 bromo 2 hydroxy benzaldehyde (0.3687 mmol) is
added and stirred overnight. Product filtered and dried obtaining an white solid
(0.148g, 89% yield)

1H

NMR (400 MHz, DMSO) δ 11.87 (s, 3H), 11.41 (s, 2H), 11.14 (s, 1H), 11.10 (s, 3H),

10.39 (s, 2H), 8.94 (s, 1H), 8.34 (s, 3H), 8.24 (s, 2H), 7.90 (d, J = 2.5 Hz, 1H), 7.82 (d, J
= 2.5 Hz, 2H), 7.74 (d, J = 2.5 Hz, 3H), 7.59 – 7.47 (m, 6H), 7.45 – 7.32 (m, 5H), 7.03 –
6.91 (m, 11H), 6.87 (dd, J = 8.7, 2.5 Hz, 5H), 6.67 (d, J = 7.8 Hz, 3H), 6.57 (dt, J = 14.8,
7.8 Hz, 7H), 6.40 – 6.29 (m, 10H), 5.32 (t, J = 7.6 Hz, 2H), 5.27 (t, J = 7.6 Hz, 3H), 3.58
– 3.45 (m, 5H), 3.29 (t, J = 7.9 Hz, 4H), 3.13 – 2.88 (m, 11H), 2.88 – 2.73 (m, 10H).
13C

NMR (101 MHz, DMSO) δ 171.32, 165.81, 160.75, 157.68, 156.25, 155.54,

152.94, 152.61, 150.48, 144.18, 142.52, 142.40, 138.73, 135.52, 133.50, 133.28,
131.57, 130.31, 129.43, 127.65, 126.99, 124.32, 122.71, 121.18, 120.59, 118.94,
118.60, 118.45, 117.46, 117.28, 110.82, 110.58, 110.40, 110.14, 107.81, 107.68,
107.60, 107.25, 49.87, 49.63, 47.51, 47.33, 35.46, 33.28, 27.52, 27.50.
MS (ESI): calculated for [M+Na]+ C22H20BrN3NaO3 476.0586, found: 476.0577
MT-224: N'-(2,3-dihydroxybenzylidene)
-3-(furan-2-yl)-3-(indolin-1yl)propanehydrazide

3-(furan-2-yl)-3-(indolin-1-yl)propanehydrazide (0.3687 mmol) is dissolved in 2ml
methanol and 1 equivalent 2, 3 dihydroxy benzaldehyde (0.3687 mmol) is added
and stirred overnight. Product filtered and dried obtaining an white solid (0.100g,
70% yield)
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1H

NMR (400 MHz, DMSO) δ 11.79 (s, 2H), 11.34 (s, 1H), 10.83 (s, 2H), 9.55 (s, 1H),

9.25 (s, 1H), 9.21 (s, 2H), 8.33 (s, 2H), 8.31 (s, 1H), 7.15 (dd, J = 7.8, 1.3 Hz, 1H), 7.05
– 6.89 (m, 8H), 6.82 (dd, J = 7.8, 1.1 Hz, 3H), 6.76 – 6.64 (m, 5H), 6.57 (dt, J = 15.3,
7.9 Hz, 4H), 6.42 – 6.28 (m, 6H), 5.33 (t, J = 7.6 Hz, 1H), 5.28 (t, J = 7.6 Hz, 2H), 3.52
(td, J = 8.6, 5.8 Hz, 3H), 3.30 – 3.20 (m, 2H), 3.10 – 2.87 (m, 7H), 2.87 – 2.72 (m, 6H).
13C

NMR (101 MHz, DMSO) δ 171.00, 165.57, 152.97, 152.64, 150.53, 150.48,

147.44, 145.90, 145.66, 145.53, 145.19, 142.53, 142.41, 141.57, 129.46, 129.39,
127.00, 124.33, 120.70, 119.82, 119.34, 119.11, 118.71, 117.48, 117.29, 116.65,
116.51, 110.16, 110.12, 107.82, 107.65, 107.63, 107.29, 49.89, 49.49, 47.37, 35.42,
33.13, 30.70, 27.53, 27.49.
MS (ESI): calculated for [M+Na]+ C22H21N3NaO4 414.1430, found: 414.1439

MT-225: N'-(2,5-dihydroxybenzylidene)
-3-(furan-2-yl)-3-(indolin-1yl)propanehydrazide

3-(furan-2-yl)-3-(indolin-1-yl)propanehydrazide (0.3687 mmol) is dissolved in 2ml
methanol and 1 equivalent 2, 5 dihydroxy benzaldehyde (0.3687 mmol) is added
and stirred overnight. Product filtered and dried obtaining an white solid (0.107g,
74% yield)

1H

NMR (400 MHz, DMSO) δ 12.24 (s, 3H), 12.19 (s, 3H), 11.61 (s, 1H), 10.53 (s, 1H),

8.33 (s, 3H), 8.27 (s, 1H), 7.72 – 7.49 (m, 12H), 7.09 – 6.88 (m, 8H), 6.66 (dd, J =
26.0, 8.0 Hz, 4H), 6.56 (q, J = 7.2 Hz, 4H), 6.38 (dt, J = 5.7, 2.4 Hz, 8H), 5.44 – 5.09
(m, 4H), 3.52 (td, J = 8.5, 5.6 Hz, 4H), 3.29 (dd, J = 7.4, 4.6 Hz, 2H), 3.10 – 2.73 (m,
19H).
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13C

NMR (101 MHz, DMSO) δ 171.27, 166.07, 152.87, 152.50, 152.08, 150.82,

150.44, 145.74, 142.56, 142.40, 139.87, 130.20, 129.90, 129.45, 128.36, 127.00,
125.15, 124.33, 123.89, 122.89, 122.54, 121.41, 120.70, 117.52, 117.31, 110.16,
107.86, 107.70, 107.64, 49.85, 49.46, 47.51, 47.35, 35.34, 33.17, 27.52.
MS (ESI): calculated for [M+Na]+ C22H21N3NaO4 414.1430, found: 414.1991

3rd generation-1,2,3,4 tetrahydroquinoline derivatives
MT-185: methyl 3-(3,4-dihydroquinolin-1(2H)-yl)-3-(furan-2-yl)propanoate

A solution of Trimethyl borate (89 μL, 83 mg, 0.80 mmol), secondary amine (0.40
mmol), and aldehyde (0.60 mmol) in DMSO (1.0 mL) was stirred for 10 min at room
temperature. To the solution was added ketene silyl acetal 4 (0.60 mmol) at room
temperature. The mixture was stirred at room temperature for overnight,
quenched with ice water, and extracted with ethyl acetate. The organic layer was
washed with water, and the aqueous layer was extracted with ethyl acetate. The
combined organic layer was dried with Na2SO4 and filtered, and the solvents
evaporated under vacuum. Crude product purified by flash chromatography using
15% ethyl acetate in petroleum ether yielding β-amino esters.

1H

NMR (400 MHz, CDCl3) δ 7.35 (d, J = 1.7 Hz, 117H), 7.09 (t, J = 7.1 Hz, 124H), 6.95

(dd, J = 13.0, 7.9 Hz, 215H), 6.63 (t, J = 7.3 Hz, 123H), 6.31 (dd, J = 3.2, 1.8 Hz, 99H),
6.21 (d, J = 3.3 Hz, 105H), 5.56 (t, J = 7.5 Hz, 116H), 3.65 (s, 288H), 3.13 (ddd, J =
11.6, 8.0, 3.8 Hz, 109H), 3.06 – 2.84 (m, 318H), 2.71 (t, J = 6.4 Hz, 226H), 1.94 – 1.65
(m, 322H).
13C

NMR (101 MHz, CDCl3) δ 171.60, 153.26, 144.89, 142.24, 129.57, 127.26,

123.85, 116.96, 111.90, 110.27, 107.62, 52.60, 52.08, 43.24, 35.16, 28.35, 22.22.
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MS (ESI): calculated for [M+Na]+ C17H19NNaO3 308.1263, found: 308.1784
MT-188: 3-(3,4-dihydroquinolin-1(2H)-yl)-3-(furan-2-yl)propanehydrazide

MT-185 (0.31mmol) and 10 equivalents of hydrazine monohydrate (3.1mmol) in
1ml ethanol were refluxed overnight. Ethanol is evaporated under reduced
pressure and triturated with diethyl ether yielding product as a white powder
(0.077g, 86% yield)
1H NMR (400 MHz, DMSO) δ 9.17 (s, 1H), 7.57 (d, J = 1.2 Hz, 1H), 7.05 – 6.94 (m,
1H), 6.94 – 6.83 (m, 2H), 6.52 (t, J = 7.2 Hz, 1H), 6.43 – 6.32 (m, 2H), 5.44 (t, J = 7.3
Hz, 1H), 4.24 (s, 2H), 3.33 (s, 1H), 3.11 (ddd, J = 11.4, 7.7, 3.6 Hz, 1H), 2.85 – 2.76 (m,
1H), 2.72 (dd, J = 14.4, 7.4 Hz, 1H), 2.67 – 2.57 (m, 3H), 1.81 – 1.54 (m, 2H).
13C

NMR (101 MHz, DMSO) δ 168.71, 153.49, 144.98, 142.38, 129.02, 126.80,

122.87, 116.03, 111.53, 110.18, 107.46, 51.73, 42.41, 34.29, 27.65, 21.53.
MS (ESI): calculated for [M+Na]+ C16H19N3NaO2 308.1375, found: 308.1311

MT-220: N'-(5-bromo-2-hydroxybenzylidene)
-3-(3,4-dihydroquinolin-1(2H)-yl)-3(furan-2-yl)propanehydrazide

.

3-(3,4-dihydroquinolin-1(2H)-yl)-3-(furan-2-yl)propanehydrazide (0.105 mmol) is
dissolved in 2ml methanol and 1 equivalent 5 bromo 2 hydroxy benzaldehyde
(0.105 mmol) is added and stirred overnight. Product filtered and dried obtaining
an white solid (0.043g, 89% yield)
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1H

NMR (400 MHz, CDCl3) δ 11.28, 10.93, 10.21, 10.16, 9.45, 8.64, 7.87, 7.77, 7.49,

7.47, 7.42, 7.41, 7.40, 7.39, 7.35, 7.35, 7.33, 7.32, 7.31, 7.26, 7.20, 7.15, 7.13, 7.11,
7.09, 7.07, 7.05, 7.03, 6.98, 6.96, 6.94, 6.91, 6.89, 6.86, 6.32, 6.31, 6.31, 6.22, 6.21,
5.77, 5.75, 5.73, 5.49, 5.48, 5.46, 3.41, 3.40, 3.38, 3.36, 3.26, 3.24, 3.22, 3.21, 3.20,
3.19, 3.18, 3.17, 3.16, 3.14, 3.12, 3.10, 3.06, 3.05, 3.04, 3.03, 3.02, 2.98, 2.73, 2.72,
2.71, 2.70, 2.68, 1.85, 1.83, 1.82, 1.76, 1.75, 1.74.
13C

NMR (101 MHz, CDCl3) δ 172.38, 166.49, 164.20, 157.73, 157.67, 156.80,

153.35, 153.30, 152.49, 149.04, 146.37, 144.96, 142.32, 142.23, 134.73, 134.60,
133.39, 132.96, 130.00, 129.66, 127.55, 127.26, 125.24, 123.89, 119.33, 119.01,
118.91, 118.58, 117.12, 113.39, 111.92, 111.66, 110.61, 110.44, 107.99, 107.56,
53.73, 51.95, 44.26, 43.58, 35.31, 32.81, 28.32, 28.16, 22.20, 22.12.
MS (ESI): calculated for [M+Na]+ C23H22BrN3NaO3 490.0742, found: 490.0777

MT-221: 3-(3,4-dihydroquinolin-1(2H)-yl)-N'-(2,3-dihydroxybenzylidene)
-3-(furan2-yl)propanehydrazide

3-(3,4-dihydroquinolin-1(2H)-yl)-3-(furan-2-yl)propanehydrazide (0.105 mmol) is
dissolved in 2ml methanol and 1 equivalent 2,3 dihydroxy benzaldehyde (0.105
mmol) is added and stirred overnight. Product filtered and dried obtaining an white
solid (0.037g, 87% yield)

1H

NMR (400 MHz, CDCl3) δ 11.18 (s, 1H), 10.28 (s, 1H), 9.31 (s, 1H), 9.11 (s, 1H),

7.86 (d, J = 7.8 Hz, 2H), 7.36 (d, J = 1.7 Hz, 2H), 7.19 – 6.55 (m, 14H), 6.40 – 6.28 (m,
2H), 6.22 (dd, J = 7.6, 3.2 Hz, 2H), 5.82 – 5.69 (m, 2H), 5.63 (s, 1H), 5.48 (dd, J = 9.0,
5.7 Hz, 1H), 3.43 (dd, J = 15.4, 7.7 Hz, 1H), 3.33 – 2.93 (m, 7H), 2.72 (dd, J = 9.4, 6.2
Hz, 4H), 1.93 – 1.65 (m, 4H).
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13C

NMR (101 MHz, DMSO) δ 171.08, 165.60, 153.52, 153.25, 147.38, 145.85,

145.61, 145.50, 145.16, 144.90, 144.85, 142.51, 142.42, 141.51, 129.10, 129.07,
126.82, 126.78, 122.95, 122.80, 120.70, 119.75, 119.29, 119.08, 118.68, 117.26,
116.51, 116.46, 116.24, 116.01, 111.62, 111.31, 110.25, 110.21, 107.51, 107.46,
51.86, 51.52, 42.60, 42.55, 34.91, 32.61, 27.59, 21.51, 21.45.
MS (ESI): calculated for [M+Na]+ C23H23N3NaO4 428.1586, found: 428.1500

MT-222: 3-(3,4-dihydroquinolin-1(2H)-yl)-N'-(2,5-dihydroxybenzylidene)
-3-(furan2-yl)propanehydrazide

3-(3,4-dihydroquinolin-1(2H)-yl)-3-(furan-2-yl)propanehydrazide (0.105 mmol) is
dissolved in 2ml methanol and 1 equivalent 2,5 dihydroxy benzaldehyde (0.105
mmol) is added and stirred overnight. Product filtered and dried obtaining an white
solid (0.040g, 95% yield)

1H

NMR (400 MHz, DMSO) δ 11.70 (s, 8H), 11.32 (s, 5H), 10.16 (s, 8H), 9.37 (s, 6H),

8.96 (d, J = 8.7 Hz, 14H), 8.31 (d, J = 10.0 Hz, 12H), 8.25 (s, 4H), 7.60 (s, 12H), 7.22 –
6.35 (m, 125H), 5.56 (dt, J = 30.1, 7.4 Hz, 11H), 3.32 – 3.10 (m, 24H), 2.88 (ddd, J =
14.7, 12.8, 7.4 Hz, 29H), 2.61 (dd, J = 12.8, 6.4 Hz, 28H), 1.82 – 1.55 (m, 24H).
13C

NMR (101 MHz, DMSO) δ 171.20, 165.60, 153.61, 153.33, 150.01, 150.00,

149.86, 149.37, 145.96, 144.98, 144.92, 142.55, 142.51, 140.77, 129.15, 129.13,
126.88, 122.98, 122.81, 120.52, 118.97, 118.88, 117.03, 117.00, 116.28, 116.07,
113.51, 111.65, 111.37, 110.76, 110.30, 110.28, 107.56, 107.50, 79.20, 51.90, 51.57,
42.62, 42.58, 35.00, 32.50, 27.65, 21.55.
MS (ESI): calculated for [M+Na]+ C23H23N3NaO4 428.1586, found: 428.0834
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3rd generation Benzofuran derivatives
MT-196: (benzofuran-2-yl)-phenone

Solventless reaction of Salicylaldehyde and bromo acetophenone with 2 equivalents
Potassium carbonate, heated at 80oC for 1 hour with vigorous stirring. Material
allowed to cool and washed continuously with water. Buchner filtered and dried
under reduced pressure
98% yield brown solid
1H

NMR (400 MHz, CDCl3) δ 8.08 – 8.05 (m, 1H), 8.04 (t, J = 1.7 Hz, 1H), 7.74 (ddd, J

= 7.9, 1.2, 0.8 Hz, 1H), 7.65 (tt, J = 7.3, 1.2 Hz, 2H), 7.58 – 7.48 (m, 4H), 7.34 (ddd, J =
8.0, 7.2, 0.9 Hz, 1H), 7.34 (ddd, J = 8.0, 7.2, 0.9 Hz, 1H).
13C

NMR (101 MHz, CDCl3) δ 132.93, 129.47, 128.57, 128.42, 124.01, 123.34,

116.61, 112.61.
MS (ESI): calculated for [M+Na]+ C15H10NaO2 245.0578, found: 245.0511

MT-226: ethyl 3-(benzofuran-2-yl)-3-phenylacrylate

To a stirred suspension of NaH (39 mmol) in 20ml dry THF, triethyl
phosphonoacetate (39 mmol) under argon atmosphere was added drop wise where
effervescence was controlled. Solution is stirred for 1 hour and MT-196 (13 mmol)
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in 40ml dry THF was added drop wise over 30miinutes. The mixture was refluxed
for 24hr and poured into ice water. Extracted with diethyl ether (20ml x3). Washed
with water and brine and concentrated in vacuo. The residue was separated by
flash chromatography with 10% ethyl acetate/ petroleum ether yielding a brown
yellow oil (1.8727g, 49% yield)
1H

NMR (400 MHz, CDCl3) δ 8.53 – 6.93 (m, 1H), 6.81 (s, 1H), 6.71 (s, 1H), 6.34 (s,

1H), 6.15 (s, 1H), 4.17 (q, J = 7.1 Hz, 1H), 3.98 (q, J = 7.1 Hz, 1H), 1.16 (t, J = 7.1 Hz,
1H), 1.04 (t, J = 7.1 Hz, 1H).
13C

NMR (101 MHz, CDCl3) δ 166.39, 165.94, 155.72, 155.60, 155.18, 152.89,

144.64, 141.90, 138.92, 136.23, 129.63, 128.96, 128.87, 128.61, 128.48, 128.35,
128.07, 126.42, 125.52, 123.34, 123.15, 121.82, 121.71, 120.40, 116.08, 111.61,
111.50, 110.38, 77.48, 77.16, 76.84, 60.85, 60.24, 14.33, 14.13.
MS (ESI): calculated for [M+Na]+ C19H16NaO3 315.0997, found: 315.1007

MT-232: ethyl 3-(benzofuran-2-yl)-3-phenylpropanoate

MT-226 (4.24mmol) and Pd/C (0.424mmol) suspended in 50ml Ethyl acetate under
a H2 gas atmosphere is stirred overnight. Product is filtered through a celite pad and
washed with ethyl acetate. Solvent is evaporated to dryness in vacuo. Crude
product is triturated with petroleum ether and Buchner filtered yielding product as
a white powder (0.670g, 53% yield)
1H

NMR (400 MHz, CDCl3) δ 7.51 – 7.43 (m, 1H), 7.39 (d, J = 8.1 Hz, 1H), 7.36 – 7.28

(m, 3H), 7.28 – 7.23 (m, 1H), 7.23 – 7.14 (m, 2H), 6.44 (s, 1H), 4.69 (t, J = 7.8 Hz, 1H),
4.25 – 3.87 (m, 2H), 3.10 (ddd, J = 90.9, 15.7, 7.8 Hz, 2H), 1.15 (t, J = 7.1 Hz, 3H).

157

13C

NMR (101 MHz, CDCl3) δ 171.34, 159.48, 155.00, 140.55, 128.84, 128.58,

128.05, 127.41, 123.82, 122.74, 120.77, 111.19, 103.01, 60.83, 41.96, 39.65, 14.23.
MS (ESI): calculated for [M+Na]+ C19H18NaO3 317.1154, found: 317.1484

MT-234: 3-(benzofuran-2-yl)-3-phenylpropanehydrazide

MT-232 (1.6987mmol) and hydrazine monohydrate (16.9mmol) dissolved in
methanol is refluxed overnight. Solvent is evaporated to dryness in vacuo. Washed
with water followed by drying under reduced pressure yielding product as a white
powder (0.464g, 97% yield)
1H

NMR (400 MHz, CDCl3) δ 7.44 – 7.36 (m, 1H), 7.33 (d, J = 8.1 Hz, 1H), 7.28 – 7.20

(m, 4H), 7.14 (dddd, J = 15.9, 8.4, 5.7, 1.4 Hz, 3H), 6.59 (s, 1H), 6.38 (s, 1H), 4.68 (t, J
= 7.7 Hz, 1H), 3.72 (s, 2H), 2.86 (ddd, J = 111.7, 14.4, 7.7 Hz, 2H).
13C

NMR (101 MHz, CDCl3) δ 171.38, 159.05, 154.98, 140.58, 128.97, 128.51,

127.91, 127.54, 123.93, 122.86, 120.84, 111.19, 103.36, 42.07, 39.85.
MS (ESI): calculated for [M+Na]+ C17H16N2NaO2 303.1109, found: 303.1117

MT-235: 3-(benzofuran-2-yl)-N'-(5-bromo-2-hydroxybenzylidene)
-3phenylpropanehydrazide
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MT-234 (0.3567mmol) and an appropriate aldehyde (0.3567mmol) is dissolved in
methanol and stirred overnight. Precipitate formed and Buchner filtered, followed
by minimal wash with cold methanol obtaining white powder (0.1457g, 88%yield)
1H

NMR (400 MHz, CDCl3) δ 10.80 (s, 1H), 10.14 (s, 2H), 9.53 (s, 2H), 8.36 (s, 1H),

8.04 (s, 1H), 7.68 (s, 2H), 7.53 – 7.27 (m, 21H), 7.18 (ddd, J = 15.2, 13.5, 7.7 Hz, 7H),
6.91 (d, J = 8.8 Hz, 2H), 6.86 (d, J = 8.8 Hz, 1H), 6.49 (s, 1H), 6.47 (s, 2H), 4.92 – 4.70
(m, 3H), 3.66 – 3.53 (m, 2H), 3.37 – 3.26 (m, 2H), 3.25 – 3.16 (m, 1H), 2.96 (dd, J =
15.2, 7.6 Hz, 1H).
13C

NMR (101 MHz, CDCl3) δ 172.02, 159.10, 156.78, 154.98, 145.86, 140.53,

134.75, 133.26, 129.14, 128.95, 128.53, 128.07, 127.53, 123.90, 122.83, 120.77,
118.97, 118.89, 111.25, 103.29, 41.22, 37.49, 31.09.
MS (ESI): calculated for [M+Na]+ C24H19BrN2NaO3 485.0477, found: 485.0441

MT-236: 3-(benzofuran-2-yl)-N'-(2,3-dihydroxybenzylidene)
-3phenylpropanehydrazide

MT-234 (0.3567mmol) and an appropriate aldehyde (0.3567mmol) is dissolved in
methanol and stirred overnight. Precipitate formed and Buchner filtered, followed
by minimal wash with cold methanol obtaining white powder (0.1245, 87% yield)
1H

NMR (400 MHz, DMSO) δ 11.75 (s, 2H), 11.31 (s, 1H), 10.79 (s, 2H), 9.52 (s, 1H),

9.34 (s, 1H), 9.21 (s, 2H), 8.29 (s, 2H), 8.26 (s, 1H), 7.61 – 7.50 (m, 3H), 7.50 – 7.39
(m, 3H), 7.39 – 7.28 (m, 13H), 7.27 – 7.06 (m, 11H), 6.92 (dd, J = 7.8, 1.3 Hz, 2H),
6.82 (d, J = 7.7 Hz, 3H), 6.77 – 6.64 (m, 6H), 4.75 (td, J = 7.6, 3.4 Hz, 3H), 3.52 (dd, J =
15.9, 8.3 Hz, 2H), 3.30 (d, J = 7.2 Hz, 1H), 3.13 (d, J = 8.0 Hz, 3H), 2.98 (dd, J = 15.2,
7.6 Hz, 2H).

159

13C

NMR (101 MHz, DMSO) δ 171.15, 165.85, 160.28, 159.84, 154.13, 154.10,

147.39, 147.05, 145.88, 145.62, 145.54, 145.19, 141.95, 141.33, 140.90, 128.69,
128.61, 128.27, 128.17, 127.82, 127.76, 127.09, 126.94, 123.83, 123.69, 122.82,
122.75, 120.84, 120.75, 120.52, 119.81, 119.35, 119.15, 118.72, 117.31, 117.19,
116.60, 110.87, 102.49, 102.35, 48.63, 40.91, 40.54, 38.57, 36.70.
MS (ESI): calculated for [M+Na]+ C24H20N2NaO4 423.1321, found: 423.1377
MT-237: 3-(benzofuran-2-yl)-N'-(2,5-dihydroxybenzylidene)
-3phenylpropanehydrazide

MT-234 (0.3567mmol) and an appropriate aldehyde (0.3567mmol) is dissolved in
methanol and stirred overnight. Precipitate formed and Buchner filtered, followed
by minimal wash with cold DCM obtaining white powder (0.1364g, 95% yield).
1H

NMR (400 MHz, DMSO) δ 11.64 (s, 1H), 11.25 (s, 1H), 10.15 (s, 1H), 9.39 (s, 1H),

8.96 (s, 1H), 8.93 (s, 1H), 8.25 (s, 1H), 8.20 (s, 1H), 7.60 – 7.53 (m, 2H), 7.46 (d, J =
8.0 Hz, 2H), 7.39 – 7.29 (m, 8H), 7.28 – 7.14 (m, 6H), 7.12 (d, J = 2.8 Hz, 1H), 6.91 (d,
J = 1.8 Hz, 1H), 6.76 – 6.63 (m, 6H), 4.75 (dt, J = 10.9, 7.7 Hz, 2H), 3.52 (dd, J = 16.0,
8.2 Hz, 1H), 3.34 – 3.29 (m, 1H), 3.13 (dd, J = 15.1, 8.0 Hz, 1H), 2.96 (dd, J = 15.1, 7.6
Hz, 1H).
13C

NMR (101 MHz, DMSO) δ 171.23, 165.80, 160.31, 159.87, 154.13, 150.01,

149.99, 149.85, 149.37, 145.96, 141.31, 140.92, 128.69, 128.63, 128.26, 128.18,
127.83, 127.76, 127.08, 126.96, 123.83, 123.71, 122.82, 122.77, 120.83, 120.76,
120.44, 118.96, 118.88, 118.65, 117.01, 113.56, 110.87, 102.48, 102.35, 40.94,
40.56, 38.63, 36.63.
MS (ESI): calculated for [M+Na]+ C24H20N2NaO4 423.1321, found: 423.1995
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3rd generation Benzothiophene derivative
MT-242: benzo[b]thiophen-2-yl(4-chlorophenyl)methanol

Benzothiophene (7.45 mmol ) cooled to 0oC in 5ml diethyl ether under argon. nBuLi (9.687mmol) added dropwise. Stirred at 40oC for 1 hour and then cooled to
0oC. 4-chlorobenzaldehyde (9.687mmol) in 5ml diethyl ether is added to the
lithiated solution and stirred at room temperature for 1.5 hours and quenched with
saturated ammonium chloride. Extracted with 2x 20ml di ethyl ether and
recrystallized with minimum isopropanol obtaining product as off white powder
(1.3076g, 63% yield).
1H

NMR (400 MHz, CDCl3) δ 7.81 – 7.69 (m, 1H), 7.69 – 7.59 (m, 1H), 7.45 – 7.19 (m,

6H), 7.07 (s, 1H), 6.03 (d, J = 3.6 Hz, 1H), 2.60 (d, J = 3.9 Hz, 1H).
13C

NMR (101 MHz, CDCl3) δ 148.24, 141.09, 140.00, 139.42, 134.11, 128.90,

127.93, 124.60, 124.56, 123.82, 122.61, 121.59, 72.40.
MS (ESI): calculated for [M+Na]+ C15H11ClNaOS 297.0117, found: 297.0417

MT-243: benzo[b]thiophen-2-yl(4-chlorophenyl)methanone

MT-242 (3.6394mmol) dissolved in 15ml diethyl ether and manganese dioxide
(9.01mmol) is added and stirred for 2.5hours. A further addition of manganese
dioxide (9.01 mmol) is added and stirred overnight. Precipitate is filtered off and
washed with 3x 15 ml diethyl ether followed by 10 ml methanol. Organic layer
washed with brine and concentrated under reduced pressure. Recrystallized from
hot isopropanol obtaining product as off white powder (287.7 mg, 28.9% yield)
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1H

NMR (400 MHz, CDCl3) δ 7.98 – 7.77 (m, 1H), 7.58 – 7.35 (m, 1H).

13C

NMR (101 MHz, CDCl3) δ 188.53, 142.91, 142.82, 139.12, 136.27, 132.32,

130.83, 129.04, 127.79, 126.26, 125.32, 123.09.
MS (ESI): calculated for [M+Na]+ C15H9ClNaOS 294.9960, found: 294.9978

MT-244: ethyl 3-(benzo[b]thiophen-2-yl)-3-(4-chlorophenyl)acrylate

Triethyl phosphonoacetate (11.82 mmol) is added dropwise to NaH (11.82 mmol) in
2ml dry THF and stirred for 1 hour. MT-243 (3.95 mmol) in 4 ml dry THF is added
and refluxed for 24 hours. Quenched with ice and extracted with 2x 20ml diethyl
ether and purified by flash column chromatography with 10% ethyl acetate/
petroleum ether. Obtained product as pale yellow oil (1.132g, 97% yield)
RF: 0.6 and 0.51 E/Z isomers
1H

NMR (400 MHz, CDCl3) δ 7.87 – 7.72 (m, 35H), 7.62 (d, J = 7.4 Hz, 23H), 7.51 –

7.39 (m, 47H), 7.39 – 7.28 (m, 94H), 7.27 – 7.22 (m, 40H), 6.95 (s, 21H), 6.45 (s,
20H), 6.33 (s, 6H), 4.14 (q, J = 7.1 Hz, 17H), 4.06 (q, J = 7.1 Hz, 42H), 1.16 (t, J = 7.1
Hz, 87H).
13C

NMR (101 MHz, CDCl3) δ 165.63, 165.43, 149.19, 147.19, 144.21, 141.12,

140.14, 139.72, 139.35, 139.32, 139.12, 136.17, 135.94, 134.51, 130.27, 129.74,
128.80, 128.46, 128.39, 126.73, 126.33, 125.10, 124.99, 124.63, 124.60, 124.20,
122.42, 122.31, 120.41, 117.67, 60.70, 60.46, 14.18, 14.16.
MS (ESI): calculated for [M+Na]+ C19H15ClNaO2S 365.0379, found: 365.0344

MT-245: ethyl 3-(benzo[b]thiophen-2-yl)-3-(4-chlorophenyl)propanoate
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MT-244 (0.5746 mmol) and 0.115mmol Pd/C in 5ml ethyl acetate is put under H2
atmosphere and stirred for 24 hours. Solution is filtered through a celite pad
followed by 2 x 10 ml wash with ethyl acetate and concentrated under reduced
pressure. Obtained product as a white powder (1.132g, 80% yield)
1H

NMR (400 MHz, CDCl3) δ 7.71 (d, J = 7.9 Hz, 1H), 7.66 (d, J = 7.4 Hz, 1H), 7.34 –

7.21 (m, 7H), 7.05 (s, 1H), 4.79 (t, J = 7.8 Hz, 1H), 4.07 (qd, J = 7.1, 0.9 Hz, 2H), 3.18
(dd, J = 15.6, 7.4 Hz, 1H), 3.04 (dd, J = 15.6, 8.3 Hz, 1H), 1.15 (t, J = 7.1 Hz, 4H).
13C

NMR (101 MHz, CDCl3) δ 171.05, 147.89, 140.98, 139.71, 139.59, 133.19,

129.21, 129.01, 124.47, 124.22, 123.42, 122.32, 120.90, 60.96, 42.95, 41.63, 14.23.
MS (ESI): calculated for [M+Na]+ C19H17ClNaO2S 367.0535, found 367.0510

MT-247: 3-(benzo[b]thiophen-2-yl)-3-(4-chlorophenyl)propanehydrazide

MT-245 (3.15 mmol) and hydrazine monohydrate (31.5 mmol) in 100ml ethanol and
refluxed for 48 hours. Solvents is concentrated under reduced pressure and
triturated with dichloromethane obtaining white powder (0.415g, 39.7% yield)
(product needs to be completely free from ethanol or product will solubilize in DCM
with residual ethanol)
1H

NMR (400 MHz, DMSO) δ 9.13 (s, 1H), 7.82 (d, J = 7.8 Hz, 1H), 7.74 (d, J = 7.9 Hz,

1H), 7.58 – 7.11 (m, 9H), 4.82 (t, J = 7.7 Hz, 1H), 4.16 (s, 2H), 2.93 (dd, J = 14.5, 7.5
Hz, 1H), 2.84 (dd, J = 14.6, 8.2 Hz, 1H).
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13C

NMR (101 MHz, DMSO) δ 168.83, 148.59, 142.00, 139.48, 138.69, 131.52,

129.51, 128.56, 124.43, 124.05, 123.35, 122.29, 120.59, 42.13, 40.19.
MS (ESI): calculated for [M+Na]+ C17H15ClN2NaOS 353.0491, found 353.0470
MT-248: 3-(benzo[b]thiophen-2-yl)-N'-(5-bromo-2-hydroxybenzylidene)
-3-(4chlorophenyl)propanehydrazide

MT-247 (0.151 mmol) is added to 5 bromo 2 hydroxy benzaldehyde (0.151mmol) in
2ml methanol and stirred overnight at room temperature. Precipitate isolated by
Buchner filtration and washed with minimum cold methanol. Obtained product as
white powder (0.061g, 79% yield)
1H

NMR (400 MHz, DMSO) δ 11.83 (s, 11H), 11.37 (s, 7H), 11.06 (s, 11H), 10.42 (s,

7H), 8.30 (s, 11H), 8.21 (s, 7H), 7.84 (dd, J = 6.9, 4.1 Hz, 28H), 7.80 – 7.66 (m, 30H),
7.56 (ddd, J = 11.2, 8.5, 3.8 Hz, 5H), 7.49 – 7.22 (m, 152H), 6.86 (dd, J = 8.7, 3.8 Hz,
19H), 4.90 (t, J = 7.6 Hz, 16H), 3.06 (dd, J = 15.1, 8.1 Hz, 10H).
13C

NMR (101 MHz, DMSO) δ 171.46, 165.99, 156.26, 155.58, 148.73, 148.32,

144.15, 142.19, 141.80, 139.52, 139.45, 138.90, 138.69, 133.59, 133.35, 131.66,
131.52, 130.26, 129.68, 129.54, 128.66, 128.54, 127.97, 124.50, 124.45, 124.14,
124.05, 123.41, 123.35, 122.71, 122.34, 122.30, 121.24, 120.77, 118.65, 118.46,
110.88, 110.49, 48.67, 41.95, 41.84, 40.50.
MS (ESI): calculated for [M+Na]+ C24H18BrClN2NaO2S 534.9859, found 534.9910
MT-249: 3-(benzo[b]thiophen-2-yl)-3-(4-chlorophenyl)-N'-(2,3dihydroxybenzylidene)propanehydrazide
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MT-247 (0.151 mmol) is added to 2, 3 di hydroxy benzaldehyde (0.151 mmol) in 2ml
methanol and stirred overnight at room temperature. Precipitate isolated by
Buchner filtration and washed with minimum cold methanol. Obtained product as
white powder (0.036g, 53% yield)
1H

NMR (400 MHz, DMSO) δ 11.74, 11.30, 10.77, 9.51, 9.29, 9.20, 8.29, 8.26, 7.86,

7.85, 7.84, 7.83, 7.77, 7.75, 7.73, 7.43, 7.41, 7.38, 7.37, 7.36, 7.35, 7.34, 7.34, 7.33,
7.33, 7.33, 7.32, 7.32, 7.31, 7.31, 7.30, 7.30, 7.29, 7.28, 7.27, 7.27, 7.26, 7.26, 7.16,
7.16, 7.14, 7.14, 6.93, 6.93, 6.91, 6.91, 6.83, 6.81, 6.72, 6.70, 6.68, 4.93, 4.92, 4.90,
3.56, 3.54, 3.52, 3.50, 3.46, 3.44, 3.42, 3.20, 3.18, 3.16, 3.14, 3.10, 3.08, 3.06, 3.04.
13C

NMR (101 MHz, DMSO) δ 165.62, 148.71, 148.29, 147.31, 145.82, 145.57,

145.48, 145.14, 142.18, 141.76, 139.44, 139.36, 138.60, 131.55, 129.54, 129.45,
128.56, 128.44, 124.40, 124.34, 124.03, 123.96, 123.93, 123.31, 123.29, 123.24,
122.25, 122.21, 120.68, 120.59, 119.71, 119.27, 119.07, 118.67, 41.84, 40.45, 40.41,
40.29.
MS (ESI): calculated for [M+Na]+ C24H19ClN2NaO3S 473.0703, found 473.0984

MT-250: 3-(benzo[b]thiophen-2-yl)-3-(4-chlorophenyl)-N'-(2,5dihydroxybenzylidene)propanehydrazide
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MT-247 (0.151 mmol) is added to 2, 3 di hydroxy benzaldehyde (0.151 mmol) in 2ml
methanol and stirred overnight at room temperature. Precipitate isolated by
Buchner filtration and washed with minimum cold diethyl ether. Obtained product
as white powder (0.015g, 22% yield)
1H

NMR (400 MHz, DMSO) δ 11.65, 11.25, 10.14, 9.37, 8.94, 8.93, 8.26, 8.21, 7.86,

7.84, 7.77, 7.76, 7.74, 7.44, 7.41, 7.40, 7.37, 7.35, 7.33, 7.32, 7.31, 7.30, 7.29, 7.28,
7.26, 7.26, 7.13, 7.13, 6.92, 6.92, 6.73, 6.72, 6.71, 6.70, 6.70, 6.69, 6.67, 6.66, 4.95,
4.93, 4.91, 4.89, 3.56, 3.54, 3.52, 3.50, 3.49, 3.47, 3.45, 3.43, 3.18, 3.16, 3.14, 3.13,
3.08, 3.06, 3.05, 3.03.
13C

NMR (101 MHz, DMSO) δ 170.98, 165.56, 149.94, 149.92, 149.79, 149.31,

148.73, 148.32, 145.88, 142.15, 141.77, 139.43, 139.36, 138.60, 138.59, 131.54,
131.39, 129.53, 129.45, 128.55, 128.45, 124.39, 124.35, 124.02, 123.94, 123.30,
123.25, 122.24, 122.21, 120.66, 120.59, 120.38, 118.89, 118.81, 116.97, 116.93,
113.46, 111.04, 64.88, 41.88, 41.53, 40.46.
MS (ESI): calculated for [M+Na]+ C24H19ClN2NaO3S 473.0703, found 473.0550

Biological screening
Platelet Preparation
Blood drawing
Blood was obtained from healthy volunteers, 10 days free from non-steroidal antiinflammatory drugs. Blood was drawn into anticoagulant using a 19 gauge needle
butterfly (Abbott laboratories, Sligo).
Preparation of platelet rich plasma (PRP)
Whole blood was anti-coagulated with 0.38% sodium citrate. Blood was gently
divided into 5ml aliquots and centrifuged for 10 minutes at 150xg with a gentle
break. The top platelet rich plasma layer was carefully pooled avoiding any uptake
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of red or white blood cells. Platelets were counted using a SysmexTM haematology
analyser (Kobe, Japan).
Preparation of Washed Platelets
Whole blood was anti-coagulated with 0.15% v/v acid citrate dextrose (ACD) (final
concentrations 3.8mm anhydrous citric acid, 75mm sodium citrate, 124 mm Dglucose). Platelet rich plasma was collected as mentioned above and pooled into a
50ml tube, the pH was adjusted to pH 6.5 using ACD and Prostaglandin E1 (PGE1)
(1.2µM) was added. Blood samples were centrifuged at 720x g for 10 minutes to
obtain a platelet pellet. The supernatant was discarded and 1 ml of platelet JNL
buffer, (6mm dextrose, 130mm NaCl, 9mm NaHCO3, 10 mm Na citrate, 3mm KCl,
10mm Tris base, 0.9mm MgCl2.6H2O, 0.81 mm KH2PO4, pH 7.4) was used to rinse
the platelet pellet of excess plasma. The pellet was gently resuspended with 1 ml
platelet JNL to obtain the wash platelets. Platelet count was performed using a
SysmexTM haematology analyser and platelet concentration was adjusted with JNL
to 3 x 108/ml and supplemented with 1.8mm CaCl2 before use.
Heat Agglutinated IgGoptimization process (HAIgG)
10mg/mL IgG stocks are heated at 60oC for 30 min followed by cooling in an ice
bath for 15minutes where this heat/cooling is repeated twice more. 5 x 200µL
successive additions to each ependorf of 0.62M Na2SO4 is added leaving a total
volume 2ml. Precipitate is formed and is pelleted by centrifuging at 24000rpm at
4oC. Each Ependorf Pellet is resuspended in 500µL of PBS. This is then dialysed with
PBS over two days changing PBS daily.

Bacteria Preparation
Staphylococcus aureus growth conditions and preparations
Staphylococcus aureus were grown in brain heart infusion (BHI) broth (Oxoid, UK),
at 37oC with orbital shaking at 220rpm.
Bacteria cultures were centrifuged at 5000 x g at room temp for 10 minutes. The
broth was discarded and the pellet was washed with PBS and centrifuged at 5000 x
g for a further 10 minutes. The resulting pellet was resuspended in PBS to a final
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optical density (OD) of 1.6 using an Ultraspec III spectrophotometer (Pharmacia
Biotech UK), at 600nm. The optical density of 1.6 (OD6oo) corresponds to
approximately 7 x 109 cells/ml, and OD600 of 1 corresponds to 3 x 109 cells/ml.

Platelet adhesion assay
Platelet adhesion assay is a semi high throughput screening that is cheap and
efficient method to screen a library of compounds. The platelet adhesion assay
measures the binding affinity of activated platelets to IgG immobilised onto 96 well.
Platelets expresses only one activating Fc receptor (FcγRIIa), thus making a direct
correlation of activity between platelet FcγRIIa to IgG. Compounds are preincubated with platelets before incubating in the IgG immobilised 96 wells. Platelets
are washed thoroughly after incubation to remove non-adhered platelets. Platelet
adherence is measured that equates to compounds biological activity.
Coating the 96 well plate
Microtitre 96-well plates (Nunc Maxisorb plates, Nalgene) were coated with
20µg/ml human control plasma fibrinogen, 50µg/ml IgG and incubated at 4 oC
overnight or 2 hours at 37oC. Fibrinogen were diluted in TBS, 150mm NaCl, 50mm
Tris/HCl pH 8) and IgG were diluted in phosphate buffer saline solution (Sigma
Aldrich). Fibrinogen and IgG was removed from the plates and 1 % bovine serum
albumin (BSA) in TBS was used to block the plates for 2 hours at 37 oC.
Platelet adhesion
The blocked plate was washed 3 times with JNL supplemented with 1.8mm CaCl 2.
FcγRIIa antagonists were incubated at 37oC with wash platelets supplemented with
CaCl2 for 30 minutes. 50µL were added to each well of the plate and incubated at
37oC for 45 minutes. Excess platelets were rinsed off with JNL and adhered platelets
were measure using a chromogenic alkaline phosphatase assay, pnpp (pNitrophenyl Phosphate) substrate (10 mm pnpp in 100mm sodium acetate
anhydrous, 0.1% Triton X-100 buffer, 100µL per well). The reaction was stopped
after 2 hours incubation at 37oC with 20µL 1M NaOH and read at absorbance
405nm using a Wallac spectrometer (Victor2, 1420 multilabel Counter, Shelton,
Connecticut, USA).
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Secondary screening
The secondary screening is a functional assay that tests the compounds ability to
inhibit various stimuli to the FcγRIIa receptor on platelets. Compounds are
incubated with platelet suspension and then subjected to an agonist specific to the
FcγRIIa receptor. Upon stimulus, platelets aggregate and the degree of aggregation
is measure by light spectrometry equating to % compound inhibition.
PRP Aggregometry
Reference for baseline in aggregometry was obtained by centrifuging 2ml of PRP at
2000rpm. Supernatant was used as a reference for poor platelets plasma. Platelet
aggregation was carried out on a PAP-4 aggregometer (Biodata Corporation, PA,
US). Inhibitor was incubated with 450µL of PRP at 37oC stirring at 1200rpm. 50µL of
bacteria or Heat agglutinated IgG was added to PRP inhibitor mixture while
measuring light transmission. Percentage light transmission was measured 5
minutes after control sample started to aggregate.
Wash Platelet Aggregometry
JNL was used as reference for aggregometry. Platelet aggregation was carried out
on a PAP-4 aggregometer (Biodata Corporation, PA, US). Inhibitor was incubated
with 400µL of wash platelets and 50µL of fibrinogen at 37oC stirring at 1200rpm.
50µL of bacteria or Heat agglutinated IgG was added to PRP inhibitor mixture while
measuring light transmission. Percentage light transmission was measured 5
minutes after control sample started to aggregate.
ADP induced aggregation
Reference for baseline in aggregometry was obtained by centrifuging 2ml of PRP at
2000rpm. Supernatant was used as a reference for poor platelets plasma. Platelet
aggregation was carried out on a PAP-4 aggregometer (Biodata Corporation, PA,
US). Inhibitor was incubated with 450µL of PRP at 37oC stirring at 1200rpm. 50µL
ADP was added to PRP inhibitor mixture while measuring light transmission.
Percentage light transmission was measured 5 minutes after control sample started
to aggregate.
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Appendix-1st generation
MT-3

170

MT-4

171

MT-15

172

MT-17

173

MT-22

174

MT-26

175

MT-28

176

MT-29

177

MT-30

178

MT-31

179

MT-33

180

MT-34

181

MT-40

182

2nd generation: p-methoxy
MT-52

183

MT-53

184

MT-55

185

MT-56

186

MT-57

187

MT-58

188

MT-59

189

MT-60

190

MT-61

191

2nd generation: p-Chloro
MT-63

192

MT-64

193

MT-70

194

MT-71

195

MT-72

196

MT-73

197

MT-74

198

MT-75

199

MT-76

200

2nd generation: 2-furyl
MT-66

201

MT-67

202

MT-80

203

MT-81

204

MT-82

205

MT-83

206

MT-84

207

MT-85

208

2nd generation imine

209

210

211

3rd generation-indoline
MT-184

212

MT-187

213

MT-223

214

MT-224

.
215

MT-225

216

3rd generation-tetrahydroquinoline
MT-185

217

MT-188

218

MT-220

219

MT-221

220

MT-222

221

3rd generation: Benzofuran
MT-196

222

MT-226

223

MT-232

224

MT-234

225

MT-235

226

MT-236

227

MT-237

228

3rd generation: Benzothiophene
MT-242

229

MT-243

230

MT-244

231

MT-245

232

MT-247

233

MT-248

234

MT-249

235

MT-250
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