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Abstract

DiabetesMellitus is a metabolic disease characterised by hyperglycaemia, resulting
from an inability to secretinsulin, a resistance to insulin or both. The number of
individuals suffering from Type2 diabetes (T2D) is currently 336 million and this
number is expcted to surpass 552 million by the year 2030. Consequently, there exists

a need for novel antidiabetic agents for the treatment of T2D.

The retinol transporter, RBP4, is a possible target for the treatment of T2D as elevated
levels of this protein are tmd in T2D sufferers. Compounds that reduce the levels of
RBP4 in vivo have been found to improve the diabetic condition. Disruption of the
RBP4TTR complex is a known method for decreasing the levels of RBP4. Therefore,
reducing the levels of RBP4 provila mechanism to treat/manage T2D and allows for

the identification and synthesis of novel antidiabetic agents.

Computational studies were used to identify compoufid® and 3) that bind within
RBP4 and have the potential to prevent the formation ofRBE4TTR complex.
Biological assays (SPR, fluorometric binding assay) were performed on these
compounds to verify their ability to bind within the protein cavity of RBP4 and inhibit
the formation of the RBR4TR complex.

A SAR study of compound uncovere compoun® which was more active than its
parent compound in the SRRRsayA subsequent SAR stugherformed on the new lead
compound4 to identify the functional groups necessary for its biological activity. The
derivatives required for this study wemynthesised using a variety of chemical
processes and were tested in an assay to assess their ability to stimulate muscle cells to
take up glucose. This study uncovered a number of compounds with increased activity
(64, 79and82).

While the glucose uptakassay allowed for the identification of a number of active
compound4 derivatives, it also indicated that a secondary protein target was involved
as the glucose uptake assay was RBP4 independent. A method for identifying this
unknown target was therefoneeded. The method chosen involved immobilising active
compounds on an affinity column, which is composed of sepharose beads. A solution of
cellular proteins is then passed through the column and the subsequent bound proteins
are lysed and analysed by magpectrometry. Immobilisation of compounds onto this

column first required the attachment of a PEG linker to each molecule. Compbunds

Vi



and79 were successfully immobilised on the affinity colyrahthe time of writing, the

results from their biologicadvulation remain outstanding.

A SAR study was also performed on compouBdand 3. This uncovered compound
115 which proved to be highly active in the glucose uptake assay. A number of
derivatives oicompound? and3 have been designed, synthesised aradatterised and

are currently awaiting biological evaluation.

Animal studies were carried out on compoutid4 and2. Compoundd and4 proved

to be more effective than compouga@t improving the insulin and glucose tolerance of
diabetic mice, while atscausing a reduced weight gaBompound4 was administered

to animals after 17 weeks, once insulin resistance had been established. Cothpound

was found to restore both glucose and insulin sensitivity to normal levels

A number of additional animal stuedi were considered involving compouhdowever

these required aqueous solutions of the compound. As comgobad proven to be
insoluble in aqueous solutions, a method for preparing these solutions was needed.
Cyclodextrins (CD) were chosen and the uw#e20 eq of hydroxylpropyb-CD
(HPBCD) gave a 0.02 M 5% DMSO48 solutionof compound4. The dissolution of
compound4 may have occurred due to the formation of an inclusion complex. A phase
solubility diagram, SEM, DSC and NMR were used in the characiensaf the

inclusion complex.
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Chapter 1 Introduction

1.1 Introduction

Diabetes Mellitus (diabetes) is a metabolic disease that is characterised by an increased
level of plasma glucose (hyperglycaemia) resulting from an inability to secudinirs
resistance to insulin or botR.Over the past number of years the shift towards calorific
diets and sedentaryifdstyles has resulted in the prevalence of diabetes and its
complications, with roughly 36énillion people worldwide currently affectédif this

trend is to continue the number of individuals affected is predicted to rise to a
staggering 552 rilion by the year 2030, with a large number of sufferers remaining
undiagnosed? The increase in obesity and reduction in physical activity has meant that
in 2007 diabetes was the setfeteading cause of death in the U.S with the cost of
treating this disease exceeding $110 billion anndaMhe rapid increase in the
incidence of diabetes has meant that it is the onlyimf@ctious disease classfl as an
epidemic by the World Ehalth Organization (WHO).Of the 285 million current
sufferers, it has been reported that 90% suffer from -Rypgabetes (T2D) with the
remaining percentage of individuals suffering from TpBiabetes (ID).° T1D can

be described as a complete insulin deficiency due to the autoimmune destruction of the
i nsul i n -oalsootitheanoregdsTie more common T2Dan be characterised

by a reductioflack of insulin secretion from pancreatic cellsdam the observed

resistance of target tissues to insélin.

Hyperglycaemia associated with T1D and T2D causes microvascular and macrovascular
issues leading to complications such as retinopathy, nephropathy, neuropathy,

accelerated atherosclerosis, stroke and coronary heart diSease.

1.2 Microvascular complications

Diabetic microvascular complications arise due to the damage caused to the small blood
vessels such as the capillaries, arterioles and venules. This occurs as a result of
hyperglycaemia with the development of these corapbos being directly related to

the duration and severity of the hyperglycaemic condiionhe severity of these
complications is obvious as diabetic nephropathy is the leading cause of kidney failure

in the western world with 43% of patients requgr dialysis or transplantation, while
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diabetic retinopathy is the most prevalent cause of acquired blindness in the developed

world .2’

1.2.1 Diabetic Nephropathy

The condition that occurs as a result of damage to the kidtisyicknown as diabetic
nephropathy orKimmelstiekWilson syndrome? Diabetic nephropathyprogresses
through a series of characteristic stages. The first recognizable stage of nephropathy is
microalbuminuria which is the presence of the protein abn in urine. Normally,
albumin is too large to pass through the glomerulus but damage caused to these cells
due to hyperglycaemia allows for this protein to pass from the blood strearthénto
urine? Microalbuminuria is followed by macroalbuminuria and is similar to the first
stage only for thencreaseatoncentration of albumin found in the urine. The increase in
concentration of albumin in urine is due to the increased damage caused to the renal
glomerulus® The final stage of diabetic nephropathy is known as-stage renal

disease and results in thatient requiring either dialysis or a kidney transptafit.

1.2.2 Diabetic Retinopathy

Diabetic retinopathy is the most common microvascular complication associated with
hyperglycaemia causing injury to the retina leading to blindfe3&is condition
manifests in T1D suffers twenty years after initial diagnosis whilastfound in T2D
patients as early as seven years after diagHbsis.

The presence of glucose can cause damageetaetinalcells in a number of ways.
Aldose reductase is an enzyme involved in the pgdathway which is responsible for

the conversion of glucose into sorbitol. When a hyperglycaemic state is in effect, this
causes high levels of sorbitol to accumulate within cells. The osmotic stress that cells
are exposed to due to the accumulation abisal has been suggested as a possible
mechanism for the development of microvascular conditions such as retindpathy.
The osmotic stress can cause damage in the form of microaneurysms and thickening of
membraned® Other mechanisms have also been suggested to contribute to the injury of
microvessels. These include the remzymatic formation of Igcoproteins and

oxidative stres$?
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1.2.3 Diabetic Neuropathy

Diabetic neuropathy describes the damage caused to nerves as a result of excess glucose
in the blood stream. Over time, excess glucose damages the walls of the blood vessels
that supply the nergewith oxygen and nutrients resulting in injdfyThe mechanism
responsible for this injury is similar to that of retinopathyPeripheral neuropathy
describes the injury caused to the nerves outside of the brain or spinal cord. The
combination © peripheral neuropathies with vascular disease can lead to ulcer
formation, gangrene and poor healing of the lower limbs and ultimately amptation.
Peripheral neuropathy can manifest in several forms with focal and generalized

neuropathies most commonly encounter&d.

Focal neuropathy best des@#hthe damage that occurs to one or a few nerves. One
such example is carpalrinel syndrome which results in a tingling sensation in limbs
and periods of fi 1 iOthdr types ofeca@nditions mbsh feegusntly
associated with focal neuropathies include; peroneal nerve and third cranial nerve

palsies and diabetic amyotrophy to name but a’few.

Generalized neuropathies are often termed polyneuropathies. The most commoh fo

diabetic neuropathy is the generalized condition known as sensorimotor
polyneuropathy? This is a systematic condition that affects, amongst other nerves, the
autonomic nervous system (nerves associated with the internal organs aAd gut).

Individuals experience tinglinglectric sensations or numbné$s.

1.3 Macrovascular complications

The effects of persistent hyperglycaemia are not limited to complications associated
with the microvascular system. Many conditions which cause damage to the
macrovascular vessels resudf in cardiovascular disease (CVD) have been well
documented. The prevalence of CVD is far greater in individuals with T2D than T1D,
with CVD accounting for 70% of all deaths in T2D sufferefdthough the occurrence

of CVD may be due in part to obesity, which is synonymous di#tbetes and in
particular T2D, other mechanisms such as atherosclerosis are suggested to play a pivotal
role in diabetes associated CVA9.10 13 Atherosclerosis is defined as the narnogvof

the inner walls of the arteries due to the accumulation of lipids, macrophages and

4
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fibrous element$*® Diabetes is known to increase the incidence of conditions asich

dyslipidaemia and hypertension which aid in the development of atherosclérosis.

1.3.1 Dyslipidaemia

Dyslipidaemia is a condition in which the blood contains an abnormal amoupidsf |

While many classes of dyslipidaemia exist, the phenotype that best characterises
diabetic dyslipidaemia is high @a triglyceride concentration amtreased levels of

low density lipoprotein (LDL) cholesterol, which can be converted to thee mor
atherogenic small density LDL. [@eeased levels of high density lipoprotein (HDL)
cholesterolis also associated with diabetic dyslipidaef#&'® High levels of LDL
cholesterol have been associated with cardiovascular complications while high levels of
HDL choleserol tends to be associated with individuals with fewer cardiovascular

issues.

Hyperinsulinaemia has been implicated in the mechanism of this altered lipid"$tate.
The increased levels of mkn in circulation causes an increase in free fatty acid release
from insulin resistant adipose tissue which in turn promotes the secretion of
apolipoprotein B (apoB} ApoB is a major component of very low density lipoprotein
(VLDL) cholesterolwhich can be metabolised to atherogenic remnant lipoproteins thus
promoting atherosclerostd.!”!® Hyperinsulinaemia has also been shown to decrease
the activity of lipoprotein lipase which is the main enzyme involved in theariea of
VLDL cholesterol*?

The presence of VLDL also decreases the level of serum HDL cholé$térol.
Cholersteryl ester transfergiein (CETP) stimulates the transfer of triglycerides from
VLDL to HDL, which produces a HDfriglyceride particle that can be more easily
cleared from circulation than normal HDL. Other studies suggest that key enzymes
involved in the metabolism and syasis of HDL cholesterol are altered in individuals
with insulin resistance whilimour necrosis factor (TNE) has al so been
lower plasma levels of HDL cholestefdIlThe combination of thabove events leads to

the development of dyslipidaemia and ultimately C¥D.
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1.4 Type-1 Diabetes

T1D is characterized by absolute insulin deficiemresulting in increased levels of
plasma glucose (hyperglycaemia). The insulin deficiency is due to the autoimmune
destruction of the insulin producirigcells resulting in a lifdong need for exogenous
insulin2%2! Reports suggesting that at the time of diagnosis ol 00% o ficelt he b
function remainsandthat the first sign of the cell mediated destruction of islesdsll

the emergence of the foautoantibodies; insulin autoantidies, islet cell @tibodies,
glutamate decarboxylase autoantibodies and autoantibodies to the tyrosine phosphatase
related 1A2 molecule! As the disease was predominantly diagnosed in children under 4
years of age, T1D was given the titiejuvenile diabetes. &ent data suggediswever

that 5660% of T1D sufferers ard6-18 years of age and that the diseasdgspresent

at low levels in adults.

One hypothesis for the cell mediated autoimmune attack suggests that each person is
susceptible to the development of T1D wéttmemore susceptible than othér§hose

with a greater susceptibility to autoimmune attack inherit this trait thainparents but

the actvation of these high susceptibility genes requires exposure to one or more

external environmental triggets.

The genes encoding for high susceptibility are mainly found in the Human Leukocyte
Anitgen (HLA) locus and this genotype is known as the HLA DRHA DQ
genotypes. The HA system is the name given to the human Major Histocompatability
Complex (MHC) and is an essential component of the immune system functioning to
present antigens from inside or outside the cell to immune cells, such as T cells or
helper T cells, for exani@!* It is thought that these genes are resjinle for 50% of

the occurrence of this high susceptibility with the environmental triggers such as viruses
(e.g. enterovirus), environmental toxins or early exposure to foods such as milk

proteins, gluten or cereals needed tii s t i roellldestruetiort:? b

This hypothesis is supported by the fact that these individuals are also highly
suxepti ble to other aut oi mmune diseases
di sease, Addi sonds di sease, 2Otbeehypothesesdi s e
have been suggested that try to explain how these susceptibility genes are triggered.

One such theory is the hygiehgpothesis. This hypothesis has been implicated as the
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cause of other allergic diseases and is now gaining attention as a possible contributor to
the occurrence of T1D. A lack of exposure to microbes at an early age can impact the
development and programng of the immune system resultimg the prevalence of
allergic diseases such as asthrha.

1.4.1 Treatment and management

The management and treatment of T1D involves the appropriate administration of
insulin, the monitoring of blood glucose levels and nutritional planning. As T1D is an
autoimmune disease, patients are regularly screened for other autoimmune conditions
such as tiroid dysfunction and coeliac disegskledications are also required to treat

the micre and macrovascular conditions described previotisly.
1.5 Type-2 Diabetes

T2D is a complex metabolic di s-celtfdnetion t hat
and mass, impaired insulin secretion, an increase in heglatose production and
varying levels of insulin resistance in target tissues incluthedjver and muscle. It is

a multifaceted metabolic disease that results from a combination of genetic and
environmental factors such as diet, age and level of phyasitizity.>> Those that are
destined to develop diabetes inherit genes from their parents that encode for traits such
as loss ob-cell function and obesits?

Genetics and an inappropriate lifestyle lead to obesity which is responsible for a number
of life-threatening diseases such aDT hypertension, dyslipidaemiand CVD. An
important link betveen the above conditions and obesity is insulin resistafiotn
increase in adipose tissue, in particular visceral fat, stimulates the production and
release of a series of metties that affect insulin sensitivity.Free fatty acids (FFASs)

and TNFU , as wel |l a-6 and feptie haleeall keemimp{ichtéd)in the
mechanism of obesity induced insulin resistaiicEne presence of obesity and insulin
resistance may be present for many years before the development of conditloas s
T2D.1®

Once a basdl e v e | of i nsul i n r es tcaltfuaction and mass b e
begins to be impairet.Insulin resistance causes thenpar e aells to ovdproduce
insulin to accommaodate the reduction in insulin sensitifityyperglycaemia ensues as

the pancreigc cells are unable to produce enough insulin to compensate for the lack of
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glucose uptake due to insulin resistatft®.Overtime the hypersecretion of insulin
response to hypecregllysc ateomi lme ccoannes eesx hbau st e
halting the secretion of insulimia normal mechanisn&?® Although some reports
suggest t hat t he e x acalt dysfoectoh & nadt knawn,iother o | v e
postulate that theavolvement of conditions such as dyslipidaemia and hyperglycaemia,
contribute tothis impaired functiod* Mechanisms such as oxidative stress and
endoplasmic reticulum (ER) stress caused by hyperglycaemia and obesity, have been
i mpl i cadeldl icdysbf unct-cetl dediffergntiation cind capoptagis. b

The progression to fulblown T2D occurs when the over production of insulin fpy
cells cannot compensat e f o-cellfailore determiningr e s i
the rate at which T2D progressés

1.5.1 Treatment

The management and treatment of T2D involves increasing insulin secretion and
improving insulin sensitivity and hyperglycaemia. A number of combined methods exist
that focus around improving the metabolic syndrofrtés generally occurs in the order

of nutrition therapy and increased physical activity, oral antidiabetic pharmaceuticals
and ultimately exogenous insulin ther&py.

Improving ones diet, moving away from sedentary behaviour andasioge physical
activity are key components when combatting T2D, particularly amongst overweight
and obese patients. This involves strict control of food intake and requires regular
monitoring of blood glucose levels. Occasionally this is satisfactorydiotralling the
diabetic condition; however in most cases when inadequate glycaemic control prevails,
pharmaceutical intervention in the form of an antidiabetic agent is né&Wéuen this

does not rectify the problem, a second, complementary pharmaceutical may be needed

with the addition of exogenous insufit?’

1.5.1.1Antidiabetic agents

Numerous antidiabetic agents have emerged in the past number of years aimed at
improving T2D, exerting their influence through a plethora of biological targets and
allowing for a complementary cocktail of pharmaceutical agents to be’ 0gesl.is in

stark contrast to previous pharmaceuticaltstri@s where sulfonylureas were the only

antidiabetic agents available for treating T2D in the U.S before 1995.
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1.5.1.1.1 Sulfonylureas

Although sulfonylureas arnot used ithe treatment oéarly stage diabetes they are still
widely used later on in the progression of the dis&a3dey bind to sulfonylurea
receptors (SUR) where they work by stimulating tieéease of insulin from the
pancreas by inhibiting ATctivated K channels found in the plasma membr&iié.
Inhibition leads to the depolarization of the membrane and activation of voltage gated
C&* channels due to thehanges in the electrical potential difference. This causes an
intracellular influx of C&" which increases the concentration of cytoplasmié*Ca
causing the activation of the proteins involved in insulin secretion. These
hypoglycaemic agents further incegaserum levels of insulin by preventing the hepatic

induced clearance of insulff.

Sulfonylureas are also known &gt directly on lte insulin secreting granules found in
b-cells?%3° A free-diffusion mechanism allows the sulfonylurea compound to move
across the 1 i pid mencelrHereehe dragyasrdireatly @h the nt e
insulin secretoy components inducing the release of insulin from the panét&ashis
exocytosis is more common to second and third generation sulfonylureas due to their
increased lipigsolubility.?® Glimepiride is an example of a third generation sulfonylurea
(Figure 1.2).3!
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Figure 1.1.Structure of glimepiridé?

As with most pharmacologically active substances, the family of sulfonylurea
compounds have a number of adverse side effects to their use. Headaches, dizziness,
and gastrointestinal issues are the less seside effects while hypoglycaemia and
hyponatraemia, a decrease in serum sodium levels, represent the more serious issues
associated with their ugé?®33 |ronically, sulfonylureas have also been implicated in

causing weight gain amongst its us#rs.
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1.5.1.1.2 Meglitinides

Meglitinides are a class of neulfonylurea insulirsecretagogues that work in a similar
fashion to sulfonylureas by stimulating the releasanstilin from the pancreas by
inhibiting ATP-activated K channels$* The principal meglitinide used is repaglinide
(Figure 1.2). The K channels in question contain not only SUR but also consist of pore
forming Kir6.x subunits thaassociate with the various SURepaglinide is known to
bind to both Kir6.2 and SUR1 where it stimulates the closure of thenEnnels® It

has a better effect on post prandial glucose levels than on fasting glucose levels due to
its relatively short elimination halffe of one hour. Elimination occursia biliary
excretion, a charaeristic which allows its use in individuals with renal
insufficiencies?® As with the sulfonylurea family of antidiabetic drygspaglinide also
induces hypglycaemia, however it is slightliess effetive in comparison to common

sulfonylureas?®

Figure 1.2.Structure of repaglinid®,

1.5.1.1.3 Biguanides

Biguanides are a class of ahgiperglycaemic drugs that have been used in the control
and treatment of T2D fomany years. Originally threeiduanides, metformin,
phenformin and buformin were all used; however metformin is the dnlg of this

class still administered to patients today. This is due to the fact that phenformin and
buformin were found to cause lactic acidosikile only 3 in 100,000 patients presented

with lactic acidosis following the use of metforntfh.
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1.5.1.1.3.1Metformin

Metformin is a firstline antidiabetic drug used in the treatment of TERre 1.3.28
Although there is a slight risk of associated lactic acidosis, it is still the first drug of
choice for many clinicians. This is due to the fact that metformin does not induce
hypoglycaemia or weight gain like many other aiatiétic agents. It can also be used in
combination with other antidiabetic agents, as well as indulietformin works by
decreasing the production of hepatic glucose, notably hepatic glucogenesis which is the
synthesis of glucose from naarbohydrate sources, as well as decreasing intestinal
glucose absorptioff:*® It has also been suggested to slightly improve insulin sensitivity
and stimulate fatty acid oxidatioh®® Although the exact mechanism by which
metformin exerts it@antidiabetic effect in the body is not known, it has been found to
activate Adenosine monophosphatgivated protein kinase (AMPR§3’

AMPK is a heterotrimeric protein complex that is involved in cellular energy
homeostasis where itgelates energy levels by monitoring the amounts of ATP and
AMP .38 AMPK regulates lipid and glucose metabolism and activation of AMPK by
small molecules such as metformin has shown to stimulate the uptake of glucose by
skeletal muscles andeduce hepatic gluconeogene¥i® A commonly proposed
mechanism for the metformin induced activation of AMPK is inhibition of

mitochondrial respiration by acting at Complex I.

NH NH,

NN

N~ N7 “NH,

Figure 1.3.Structure of metformirf®

1.5.1.1.3.1.1Mitochondrial respiration a nd the electron transport chain

Cellular respiration is a cumulative process that consists of three metabolic stages;
glycolysis, the citric acid cycle and oxidative phosphorylation (electron transport and
chemiosmosis)? Glycolysis and the citric acid cycle catabolically break down glucose
and other organic substances. Glycolysis is the process by which glucose is metabolised
to produce two molecules of pyruvate. This ocaarghe cytosol of the cell and is
followed by the citric acid cycle, which takes place in the mitochondrial matrix, and

oxidizes a pyruvate derivative to carbon dioxitle.
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Redox reactions are key processes of both the citric acid cycle and glycolysis.
Dehydrogenase enzymes transfer electrons fronstiibs to NAD (nicotinamide
adenine dinucleotide)hus forming the reducing agent NADH.The third step of
cellular respiration involves the transport of electrons across a series of membrane
bound proteins located in the inner membrane of the mitochondria. These proteins
accept electrons from thredox processes that occur in the first two respiratory steps
and pass electrons from one protein to another. This is known as the electron transport
chain and culminates in the production of energy. The energy released at each step of
the transport chairs used to make ATPA@enosine5-triphosphate) This mechanism

of ATP synthesis is called oxidative phosphorylafibn.

The electron transport chain is composed of a series of molecules that are located in the
inner mitochondrial membrane. The formation of cristae, due to the folding of the inner
memlbrane, increases the surface area of the mitochondria membrane which allows for
thousands of copies of the transport chain to be present in each mitochondrion. The
chain is mostly composed of proteins which are found in multiprotein complexes
labelled compéx | to IV (Figure 1.4).14

Complex |, also kawn as NADH dehydrogenad@biquinone) is the first protein
involved in the electron transport chain and catalyses the transfer of two electrons from
NADH to ubiquinone (QFigure 1.4). It is composed of 45 different subunits and is one

of the largest knen membrane bound protein complexes with a size of ~ 980*KPa.

The binding site of NADH is located in the hydrophilic domain of Complex | where th
primary electron acceptor, flavin mononucletide (FMN), is also located. Electrons are
passed from NADH to FMN which then returns to its oxidized state as it passes
electrons to the iresulphur group, F&. The next redox reaction involves the
oxidation of the FeS group and the reduction of the small hydrophobic ubiquinone
molecule, Q. Ubiquinone is the only rprotein unit within the electron transport chain
and is found within the membrane as opposed to being a component of a particular
complex!*

NADH is not the only source of electrons for tikectron transport chain. Another
product of glycolysis and the citric acid cycfigvin adenine dinucleotidé~ADH>),

also contributes electrons. Unlike NADH however, FAddids electrons at Complex

Il rather than Complex IKigure 1.4).
12
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Cytochromes (dy are responsible for the remaining transport of electrons. Several
different cytochrome proteins are found in the mitochondrial membrane, each
containing a heme group for transporting electfénalater is formed when the last
cytochrome, cyt g transfers its electrons to molecular oxygen whichumegtwo H*

ions from the surrounding aqueous solutibig(re 1.4).

The electron transport chain does not directly produce ATP. It serves to accommodate
the flow of electrons from metabolites of food (i.e. NADH) to molecular oxygen where

it breaks thereeenergy dropnto smaller steps that release energy in more reasonable
and manageable amounifsThe process of chemiosmosis is responsible for the
production of ATP. This is the process by which energy stored in a ionic gradient is

used to fuel cellular work?

(from NADH
or FADH,)

Figure 1.4.The components of the electron transport ckain.

The exergonic flow of electrons from Complex | to Complex I\'‘mps H* ions from
the mitochondrial matrix to the intermembrane space. Complex | pumps faons$d

from the matrix into the intermembrane space while the other complexes pump two H
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ions each Figure 1.5). This creates an Hgradient with the ions tigg to move back
across the membrane. This type of gradient is known as a prattive force.

The protein complex ATP synthase is located in the inner membrane of mitochondria.
This complex is an ion pump that uses the energy of an ion gradient to power the
synthesis of ATP. The Hgradient created from the electron transport chain powers the
synthesis of ATP. ATP synthases are the only sites on the membrane through Which H
ions can permeate back into the mitochondrial matrix. The exergonic flow wi
causes the synthesis of ATP from the phosphorylation of Abgu(e 1.5.

ﬁﬁﬁﬁﬁﬂﬁﬁMi ﬁﬁ’

“%%ﬁﬁﬁﬁﬁ

€) Electron transport chain ©) Chemiosmosis

Figure 1.5. The electron transport chaifi.Yellow arrows represent the flow of

electrons.

Ouyanget al suggested that the activation of AMPK by metformin involves an increase
in the production of AMP! The mechanism by which this increase in AMP occurs has
been postulated to involve the inhibition of mitoodaal respiration by acting at
Complex I. Disrupting the action of Cquiex | would affect the production of ATP
which would lead to elevated levels of free ABJPThis would subsequently cause
increased levels of AMP throughthe action of adenylate kinase. Inhibition of
mitochondrial respiration is strongly linked to an increase in glucose transport into

cells®’
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1.5.1.1.4 Thiazolidinediones

Thiazolidinediones (TZDs) are a class of instdemsitizer antidiabetic agents that

i mprove insulin r edl fusction*hThey doanotdhcreaseithe tisk i n
of hypoglycaemia when administered as a monotherapy or in combination with other
insulin sensitizers like metformi{. TZDs are agonists of the peroxisome proliferator
activated receptor (PPAR) subtype PRAR  wi t h t he TZD deri vat
most potent and selective PPAR a g diguiresl ). 28444

o)

| NH
o}

Figurel.6 Structure of rosiglitazon®.

1.5.1.1.4.1Peroxisome proliferator activated receptors (PPARS)

PPARs are members of the nuclear hormone receptor superfamily of transcription
factors that are #&wated by the binding of small ligands. These receptors are
responsible for inducing or repressing the transcription of a number of genes that have a
marked effect on cellular function including the regulation of glucose, cholesterol and
lipid metabolisnt® They can be categorized into three subtypes: RBAR  a-fn /d U
withPPARO t he most widely i#fvestigated subt

1.5.1.1.4.1.1PPAR-D

The expression of PPAR mai nly occurs in adipose tis
the receptor found in heart, colon, kidney, intestine, skeletal muscles and
macrophage¥ This PPAR subtype is crucial in adipogenesis which is the
differentiation of preadipocytes into adipocytes. It plays a vital role in insulin
sensitivity, cell cycle regulation and cell differentiation and has been implicated in the

regulation of genes involved in the metabolism of glucose and lipids.

Insulin resistance in muscle cells has been associated with increased levels of

circulating FFAs and triglycerides resulting in impaired lipid storage. The role of TZDs
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in treating T2D isthought to be through adipogenesis whitnproves this lipid
storage®®

1.5.1.1.4.2Side effects

The first reported antidiabetic TZD, troglitazone, was removed from the market as it
caused rare life threatening hepatifiggre 1.7). The main side effects associated with
the use of other TZD analogues include significant weight gain, fluid retention and
CVD.* Fluid retention can itself lead to heart failure in the cases eéxisting CVD

and in some cases has led to anaéfianlike the sulfonylurea antidiabetic agents,
rosiglitazone does not cause hgpaaemia when administered as a monotherapy or

when used in conjunctionithi other diabetic pharmaceuticals such as metfoffin.

O
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Figure 1.7.Structure of troglitazon®.

1.5.1.1.5 Alpha-glucosidase inhibitors

The polysaccharide starch is composed of numerous monosaccharides bouret togeth
by U- o r - glfscosidic linkage$? The process by which starch is metabolised to glucose
within the humanbody is carried out by four hydrolytic enzymes. Salivary and
pancreatic amylases hydrolyse starch into shorter linear and branched dextrin molecules
by cleaving the starci}14 bonds. Dextrins are then hydrolysed by mailtase
glucoamylase and sucres®matase producing the monosaccharide glucose which can

be used for cellular respiratidn.

Inhibition of one of these enzymes prnetseitself as a possible target in the treatment of

T2D as its inhibition would result in the lowering of glucose elsv The
pseudotetrasaccharidear bose does t hi s b3mylaselenzymet i ng
Uglucosidase, located in the small intestiFigure 1.8).4”*8 Inhibition of this enzyme

delays the absorption of carbohydrates by the small intestine which results msderre

the post prandial rise in plasma glucose. This molecule has been found to improve
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insulin sensitivity and has not been associatit weight gairf*® Other molecules that

also act on the glucosidase enzymes are miglitol and voglibose. The main side effects
associated with therse are gastrointestinal problems such as flatulence, diarrhoea and
digestive discomfort®
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Figure 1.8.Structure of aarbosé’

1.5.1.2Alternative protein targets

As the incidence of diabetes grows so too does the need for new antidiabetic
therapeutics. Therapies are needed that can improve hyperglycakit@greventing
associate weight gain. The most recent antidiabetic pharmaceuticals involve taaigeting
number of proteins that differ to the previously mentioned protein tafijetse include

for example, the direct and indirect activation of incretimimmnes and the inhibition of

a sodiumglucose transporter.

1.5.1.2.1 Dipeptidyl peptidase IV (DPPIV) inhibitors

DPPIV is a membrane bound serine protease found on the surface of epithelial cells
where it has been identified as an inhibitor of the incretin hormoneagpumlike

peptide (GLP1). This hormone is secreted bycklls of the intestinal tract after food
intake and promotes the secretion o-f I ns
cell mas and reduces appetite?® Decreased levels of Gkl are found in T2D
sufferers with inhibition of DPPIV shown to increase the levels of -GlaPd therefore

improve insulin secretiorf,
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There are currently five DPPIV inhibitors approved for use: sitagliptin, saxagliptin,
vildagliptin, linagliptin and alogliptin, with sitagliptin the first DPPIV inhibitor
approved in 2005Rigure 1.9).° These compounds have shown to reduce or not affect
the incidence of CVD whil e hypogl-gellsae mi ¢

ends when glucose levels return to norfiat.

CF

i
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Figure 1.9.Structure of sitagliptii?

1.5.1.2.2 Na*-coupledglucose cetransporters (SGLT)

The kidneys play a substantial role in glucose homeostasis. They are involved in the
consumption of glucosdor metabolism, gluconeogenesis and the filtration and
reabsorption of filtered glucose. Glucose circulates unbound throughout thevinody

the blood stream and is filtered at the glomerulus. It is reabsorbed by the kidneys to
prevent large amounts of tieonosaccharide being lost by filtration. The mechanism

by which glucose enters cells and is reabsorbed involves the glucose transport (GLUT)
proteins but a Nacoupled glucose etvansporter (SGLT) is primarily responsible for

the renal reabsorption of glase. The SGLT proteins use the energy generated by a Na
gradient to pump glucose across the apical membrane and back into the circulatory
system?’ There are two known SGLT isoforn8GLT1 and SGLT2.

SGLT1 is mainly found in the intestinal tract but is also located in the heart and kidney.
This is a low capacity glucose transporter that is responsible for only small amounts of
glucose reabsorption in the kidnéysSGLT2 however, is a high capacity glucose
transporter that is found predominantly in the renal convoluted tubule. SGLT2 is
responsible for roughly ninety per cent of renal reabsorpifdiiitered glucose while
SGLT1 accounts for the remaining ten per ¢épft.

Mascitti et al. reported that inhibition of SGLT2 results in the loss of glucose in urine

(glucosuriaf® This was supported by Jurczek al who stated that SGLT2 knockout

18



Chapter 1 Introduction

mice demonstrated reduct®im plasma glucose and insulin levels while preventing the

| o s s-celbnfassBAs the expression of SGLT$ not restricted to the kidneys and its
inhibition has been suggested to cause dehydration, drug candidates are required to
demonstrate selectivity for SGLT2 over SGLFIA number of pharmaceutical agents,

such as bfogliflozin, are selective for SGLT2 and have the potential to be used as

antidiabetic agent$={gure 1.10.°3

Figure 1.10.Structure of tofogliflozirt?

1.5.1.2.3 Retinol binding Protein 4

The retinol transporter, retinol binding protein 4 (RBP4), basn implicated in the
process of T2D. Elevated levels of serum RBP4 have been reported in insulin resistant
humans with RBP4 having a possible involvement in preventing cellular responses to
insulin, generating insulin resistance and the development Df®52 This protein
therefore s the potential to be used as a target for the control and treatment of T2D.

The expression of the glucose transporter, GLUT4, responsible for the transport of
glucose intracellularly, is downregulated in adipose tissue in conjunction with insulin
resistance. Although adipose tissue contributes very little to glucoseneptisn and
homeostasis, it does act as an endocrine organ by secreting molecules that can enhance
(e.g. leptin) or impaile.g. TNF-U) t he a c t°f Yangetalf reporiecsthat i n .
there is a decrsa in the expression of GLUT4 from adipose tissues in the majority of
insulin resistant states. Although the mechanism by which this occurs is not known, it
was found that RBP4 was upregulated in the adipose tissue of insulin resistant humans
and that trs elevated level of RBP4 may be a link between the decreased expression of
GLUT4 in adipocytesind insulin resistanc&.This may also be another explanation for

the link between obesity and insulin réaige>’ The elevated levels of RBP4 may also
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be acting on muscle cells, causing insulin resistance, however the mechanism by which

this occurs has yet to be clarified.

RBP4 is a member of the lipocalin family of proteins which are extracellular proteins
that bind small, typically hydrophobic molecules, such as retinoids and sterdids.

21 kbamonomeric RBP4 is synthesised primarily in tived but also imadipose tissue

and functions to transport vitamin A (retinol, ROH) to extrahepatic tisSuksis
composed of an Xerminal coil, eightartp ar a-skt eland s, whairet &dd f or m
a s h-lelixtneatthe @erminus Figure 1.11). There are four highly variable loops

t hat c o sstra@ds andBy@andD, E and F and G an@®MVhen transporting

ROH, the vitamin mol ecul e-barret The dng etnctucedsa t e d
innermost, buried within the protein cavity, the polyene chain is fully extended and the
terminal hydroxyl functionalitys almost solvent exposed in the region of the loops AB,

CD, EF and GH'%° The protein cavity is lined with hydrophobic residues that make

specific interactions with ROHarel¥ hus st al

Loop EF

Loop AB

Retinol

Figure 1.11.Structure oholo-RBP4 with ROH (yellow) bound and the structure of
ROH>’

Holo-RBP4 (i e . RBP4 wi t h RO#arrbl)osureledised from thellwer t h e
complexed to a second, homotetrameric protein transthyretin (TTR). TTR is a thyroid
binding hormone, synthesised in hepatic tissues, whose purpose is to distribute
thyroids® It is a 55 kDa protein that binds bwlo-RBP4 and stabilises the RBIROH
complexX’The absence of R-BaHellesultsin awdaker irfieBaftidn b
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between RBP4 and TTRs holo-RBP4is small enough to be removed from circulation
by renal filtration the formation of the 76 kDa RBPAR prevents this renal filtration

due to its increased size.

There are multiple contacts between the entrance loops of RBP4 and TTR, with loop EF
making the strongest interaction. The presence of ROH stabilises the -RBR4
complex in the form of a hydrogen bond between the hydroxyl group of ROH and the
carbonyl of a TTR glycine amino acid residtt& As apoRBP4 (i.e. RBP4 without
ROH bound i-barsel) lohe a redaced affifity for TTR, once the RBAR
complex has delivered ROH to its target tissues, the proteins disassociate resulting in
the renal filtration ofapo-RBP4%2 This highlights the importance of ROH in the
formation of theRBP4TTR complex and demonstrates thaplacing ROHwith an
alternative ligandmay disrupt the formation of the RBPHETR complex,which will

result in the renal filtration of RBP4. Thus, the serum levels of RBP4 will be reduced

and may improve the diabetondition.

Kahnet al discovered that the symtic retinoid, Fenretinide (Fepossessed the ability

to compete with ROHor binding within RBP4, causinthe disruption of the RBR4

TTR complex resulting in the renal filtration of RBAAdure 1.12. This ultimately led

to a reduction in the levels of serum RBP4 which prevented-faighdietinduced
obesity, insulin resistance and hepatic steaf8diske ROH, Fen is accommodated

wi t hi n t-baerel RitB thd cydilohexene ring innermost and the polyene chain
extended out towards the opening of the protein cavity. Fen however, possesses a
hydroxyphenyl amide group, replacing the hydroxyl group fanrl/dOH. The presence

of the aromatic ring not only prevents the formation of the stabilising hydrogen bond
between ROH and a TTR glycine residue, it may also interfere with the position of the
loops at the entrance of the cavity, through steric hindrahicese interactions are
essential fothe formation of a stabile interaction between RBP4 and fhER absence
prevents the formation of the RBH4AR complex. The ability of Fen to improve
insulin resistance indicates that the RBP4 protein is a vialgettar the battle against
T2D.
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Figure 1.12.Structure of Fef’

1.5.1.3Pharmacokinetics and Pharmacodynamics

The above antidiabetic drugs manage to overcome the long and arduous journey
involved in reaching their target protein. To do this they must possess the necessary
pharmacokinetic propertiesd appropriate ADME profil&®%* Pharmacokinetics is the

study of how a drug behaves in the human B8dhe four main topics in this branch

of pharmacology are the absorption, distribution, metabolism and excretion of a drug
within the body, which is often referred to as the ADME scheme. Once a drug has
overcome the mankiurdles encountered on its journey to its protein target, the drug
must possess the necessary binding properties. Pharmacodynamics is the study of how a

drug binds to its target and the effect it has on the Bbdy.

1.5.1.3.1 Pharmacokinetics

A compound with the best binding affinity does not always make the best drug
candidate. The drug has to be able to travére many obstacles presenvivosuch as
stomach acid, digestive enzymes, hepatic enzymes etc. and when necessary pass
through the appropriate membranes to reach its target. Orally administered drugs have
to survive the challenges present during alsmmp distribution, metabolism and
excretion to reach the target protein. To survive these obstacles the drug has to possess

the appropriate ADME characteristits.

1.5.1.3.1.1Absorption

Drug absorption describes how a drug reaches the blood supply which is the deciding
factor in how the drug is administered. Oral administration is generally the method of

choiceand is the most common form of administrat?dn.

Orally administered drugenter the gastrointestl (Gl) tract wherdghey aremet by
digestive enzymes, gastric juices ahgdrochloric acid. For a compound to be a
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successful orally administered drug it must be stable to these inhospitable conditions.
For example, insulin is acid labile and is degrabdgdhe HCI in the stomach. For this
reason it is administered intravenously. A drug that is stable to these conditions then
passes through the fatty cell membrane of the Gl tract and into the blood stream. Once
in the blood stream the drug is transportedthe liver where it must withstand the

degradative hepatic enzynfés.

For a drug to be able taaps through the lipid membrane of the Gl tract, it must have
the appropriate hydrophilic and hydrophobic character. If the drug is too hydrophilic it
will not be able to pass through the lipid membrane however, if it is too hydrophobic it
will not be solullized in the gut and may be dissolved by globules of fat. The presence
of amines in a drug can be used to combat this hydropiglli®philic issue. As
amines are weak bases, they can be ionized in the blood and equilibrate between the
ionized and unionizd form. lonized drugs have better hydrophilic properties and can
give the drug adequate water solubility. The unionized form can improve the
hydrophobic character and allow for the drug to pass through lipid membranes. From
this it is clear that the pkof adrugmolecule is an important phraacological property.

Orally absorbed drugs usually adhere to
general guidelines for a drug to be successfully administered orally, but do not

determine if a compoundilvbe a successful drug candid&télhey state that:

1 the drug has a molecular weight less than 500 g/mol

7 contains no more than five hydrogen bond donor groups

1 contains no more than ten hydrogen bond acceptor groups

T has a calculated | ogP (a measure of a
Most orally administered drugs follow these rules but another criterion involves the
number of rotatable bonds. The number of rotatable bonds can be used to describe the
flexibility of the molecule. It was found that the more flexible a molecule is, the less
likely it is to be orally activé® A polar surface area (PSA) of less tharequal to 140

A2 has also been suggested as recommkfeure fora compound to be a successful

drug®®
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1.5.1.3.1.2Distribution

Once in the blood stream, a drug is distributed throughout the body to various tissues
and organs. Hydrophobicity is again an important factor andlesrmine if a drug is

able to pass from the blood stream and into its target cell. If a drug is too hydrophobic it
can be absorbed by fatty tissue and removed from the circulatory system however, if it
is not hydrophobic enough it will not be able to pas®ugh the lipid membrane.
lonized drugs also face distributary issues. They can bind to various macromolecules
and be expelled from the blood stream or interact with plasma proteins such as albumin.
Interactions involving plasma proteins results in aadequate concentration of free
drug reaching the target protein. Other barriers that some drug molecules have to
overcome include the blood brain barrier. Here the capillaries are lined with tightly
compacted cells which do not contain pores and contigandarich coating. This makes

it difficult for polar drugs such as penicillin to reach the bFain.

1.5.1.3.1.3Metabolism

Drugs can be metabolised by a number of enzymes which cause a number of structural
modifications, rendering the molecule biologlly inactive or can increagbe chance

of renal clearance. This can occur in a number of tissues but gemaratyof these
enzymatic transformations occur in the liver. Orally administered drugs experience what
is known as the Afirst pass effectodo whic
to the liver once they enter the circulatory system. Here aicgrércentage of the drug

is metabolised by the hepatic enzymes before it can reach its target protein.

The metabolism of drugs typically involves Phase | and Phase Il metabolic reactions.
Phase | one reactions generally involve the action of cytochrome P450 which is
responsible for the majority of the metabolic transformations that occur. Thetensa
involve the addition of polar groups to the drug molecules by oxidase, reductase and
hydrolase enzyme$\-Methyl groups and aromatic rings aegample of groups that

are vulnerable to oxidation by oxidase enzymes while nitro and azo groups are
suseptible to reductase enzymes. Cytochrome Pd&® add suctpolar groups to
foreign drug moleculesotincrease theiwater suability sahey aremore likely to be
clearedvia renal filtration. One example is the reduction of a keto group to an alcohol

by the reductase enzyme NADd#€hydrogenas¥
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Highly polar functional groupsan beadded to drug molecules in Phase Il metabolic
readgions. The enzymeuridine-5-diphospho (UDP) glucuronosyl transferase is
responsible for attaching the highly polar glucucoacid group to drug molecules

This results in the formation @-glucuronides which are extremely polar and readily

exaeted.

1.5.1.3.1.4Excretion

Drugs can be excreted in sweat, bile or exhaled but the kidneys are responsible for the
majority of drug excretion. The kidneys remove chemicals, which are deemed as waste
by the body, from the blood streaffhhus drugs and their metabolites are ettally
removed in urine. Drugs and their metabolites enter the nephron of the kidneys through
filtration; however each compound that enters isdu@ctly removed. Norpolar drugs

are reabsorbed into the blood supply while polar drugs, which can intlegeoducts

of metabolism in the liver, remain in the nephron where they can be excreted in urine

due to their increased aqueous solubffity.

1.5.1.3.1.5Drug delivery

The ways in which the body can metabolise and destroy a drug molecule are vast. To
combat this, there exist a number of drug delivery methods that protect the drug
molecule from degradatioallowing it to reach its targetMethods also exist that
improve propertiesuch as water solubilitywhich further increase the likelihood of a
drug interacting with its target protein. These methods include the use of prodrugs or
macromolecules such as cyclattins %%’ These methods will be explaithén further

detail in Chapter 5

1.5.1.3.2 Pharmacodynamics

Pharmacodynamics is the study of how a drug binds to its target protein and evokes a
biological response. It focuses on the key interactions asdmydrogen bonding, van

der Waals forces and ionicteractions to name a few, that are necessary for a drug to
interact and sufficiently bind to a target protein. Structure activity relationship (SAR)
studies can be used to identify the functional gsonpcessary for biological activity.

This can involve preparing analogues where a particular functional group is altered or

removed in order to determine if it will cause a change to activity. Certain functional
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groups can also be important to activity #wey can play a key role in the
pharmacokinetics of a molecule. They can affect certain properties such as logR and pK
for example. A pharmacophore model summarizes all the functional groups that are
essential for activity, whether they are required foding to a protein or improving the

pharmacokinetic properties of the molectile.
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1.6 Aims

The aims of this project include:

T

The identification of a leatholecule with the ability to disrupt the RBAAR
complex, with the goadf treating/managing@2D.

Confirm its ability to disrupt the RBRATR complex by means of biological
assays inading a fluorometric binding assay and a surface plasmon resonance
assay.

Assess its ability to treat/manage T2D in an animal model.

The synthesis and characterisation of this lead molecule.

A SAR study of the active lead compound to identify the keytfanal groups
necessary for biological activity using the high throughput glucose uptake assay.
Use the information gathered from the SAR study to possibly identify
compounds that are more active than the initial lead compound. This will
include the subsem®nt synthesis and characterization of these molecules.

The design of a method for the identification of the secondary protein target.
This will involve the derivitization of active compounds.

The identification and synthesis of structurally distinct fasilof compounds
which are also capable of inhibiting the RBPAR complex with the aim to
treat/manage T2D.

Improve the ADME properties of an active compound to allow its use in

agueous solutions.
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2.l dentification of hit compoundsl, 2
and 3.
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2.1 Computational studies leading to ompound 1, 2 and 3.

The computational studies carried out by our collaborator Reolin Fishwick
(University of Leeds), involved the use of the eHIiTS (electronic High Throughput
Screening) software package (Sim8ys Inc.). The software docked flexible ligands
within the RBP4 receptor (PDB: 1FEL) and rapidly and systematically counted
mappings of interacting atoms between the RBP4 receptor and the ligand database using
an exhaustive search algorithm. The bindaogket was first determined from therXy

crystal structure of RBR4

The software used a flexible docking method which allowed both the receptor and
ligand to adopt humerous conformations and pdabes avoiding severe steric clashes
between the receptoand ligand. The binding mode for each conformation was
determined and a binding score was assigned based on binding affinity for RBP4.

From a database of 57,576 compourtdsnpound3, 2 and 3 were uncovered Kigure

2.1). These compound passed. i p i mgseidelinésg< 5 hydrogen bond donors; < 10
hydrogen bond acceptors; molecular weight < 500; logP < 5), which indicated that the
compound had potential to be used as a bioavailable and orally administere@hdrug.

compoung@ werepurchased from Maybridgevivw.Maybridge.cornn and tested in an

assay to elucidate if it was capable of disrupting the RBF& complex formation.

The assay used was surface plasmon resonance (SPR).
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Figure 2.1. Structure of compourgdl, 2 and3.
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2.2 Surface Plasmon Resonance (SPR) analysislof and 3

Surface Plasmon Resonance (SPRynisoptical method used foreasuring molecular
interaction® SPR involves immobilizing a binding molecule (elmlo, His-RBP4)
onto the surface of a sensor chip.cArtain concentration of compound (elg2 or 3) is
then injected ovethe chip surfacen a solution of SPR running bufteFhis is followed

by an injection of another binding molecule.d. untagged TTR$® Binding of
molecules (i.e. formation of a complex) causes a change in omaise sensor chip
resulting inchanges in the refractivedax of the SPR running bufte€hanges to the
refractive index idicate if binding has occurred aagpears as an increase in resonance
units (RU)"°

The SPR experimentavolving compound 1, 2 and 3, carried out byour collaborator
and itrequiredholo, His-tagged RBP4o be immobilized on the surface of a sensor
chip8 Both TTR and the natural ligarRIOH were tha injected over the surface. This
was followed bycompoundl, 2 and 3 which weretested at a range ofarying
concentrationg0-10 pM). At 0 uM of eachcompoundformation of the RBPATR
complex occumd. This resulted in an increase nmass at the surfacef the chip,
causing changes to itefractive indexwhich caused changes in the RElgure 2.2).

As the concentration ofach compoundhcreased from 10 M, a decrease in RU
occurred. Thisvasdue to the fact thatompound 1, 2 and 3 are capable of doking

wi t hi +sparrel bfdRBH# and disrupting/preventing thenfation of the RBPA TR

complex.
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(c)
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Figure 2.2 SPR analysisf (a) compoundl, (b) compound® and(c) compound3
Increasing concentrations &f 2 and3 result in a decrease in RU whichrrespond$o
theinhibition of the interaction betwe&t®0 nMHis-tag, bound RBP4 antluM
TTRS®

Figure 2.3 (a) is a 2D representation of the bindingloWithin RBP4. Compound. is
predicted to bind with its pyridine ring buried in the protein cavity and its thiophene
ring exposed at the loops of RBP4. Compodnexhibited key interactions with the
residues Tyr90 and Argl21l in the RBP4 cavity. These interactions were also observed
with the binding of the compound A112Bigure 2.3 (b). This compound is a known
inhibitor of the RBP4TTR complex. It is believed that its binding within the RBP4
protein causes a conformational change at the entrance to the protein pocket by
interfering with the position of the loops’2 This prevents RBP4 from forming a stable
interaction with TTR thus causingnal clearance of RBP4.Compoundl may act
similarly to A1120 when disrupting the formation of the RBPER complex. The
thiophene ring may serve to affect the position of tlop$ at the entrance of the protein
cavity through steric hindrance. As previously mentioned, the hydroxyl group, found in
ROH, is important for stabilizing the RBPATR interaction. Therefore the removal of

this group and its replacement with a thiopheing, as found in compountl, may
further destaltize the RBP4TTR interaction.
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Figure 2.3. (a) Two dimensional (2D) depiction ¢fiebinding posef 1 within RBP4,
as depicted using the computer program MBIHe arrow indicates hydrogen bond
interadions with the group at the base of the arrow the HBD and the group at the head
of the arrow the HBA, blue shadow indicates solvent exposed residues, hydrophobic
residues are all coloured with a green interior, polar residues are coloured with a purple
interior (b) Structure 0fA1120.
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2.3 Animal studies using compoundL, 2 and 3.

From the SPR assay, compourids2 and 3 proved to be effective disruptors of the
RBP4TTR complex. As described in Chapter 1, the ability to disrupt the RBF
complex, thus loweng serum RPB4, is linked to improvements in insulin resistance.
The use of the retinoid like compound Fen has shown this to be true as its use prevented
high-fat diet (HFD) induced obesitgand the development of insulin resistance in mice
through the dwering of serum RBP4 level8 Following this logic, the ability of
compounds1, 2 and 3 to control/treat/reduce insulin resistance in mice, was
investigated A study examining the effects of these compound on apgad mice

exposed to a HFD was thus performed by our collabotator.

Two groups consisting of eight mice were exposed to a HFD so as to induce insulin
resistance. Group A was exposed to a HFD which included either compoRiatd3

at 0.04% wi/w, relative to the quantio§ food given®® This involved 400 mg of each
compound be dissolved in 10 mL of DMSO which was then mixed in a 1 kg batch of
HFD food.®® Group B (control) only received a HFD with 10 mL of DM&D.

2.3.1 Glucose tolerance testing (GTT) and insulin tolerance testing (ITT) of

compound 1.

After 8 weeks, Group A and @Gup B (control) were both subjected to a glucose
tolerance test (GTT), which examined how quickly glucose is cleared from the blood
after a bolus of glucose is administered. An insulin tolerance test (ITT) was also
performed which examined insulin senstijy Mice underwent a period of fasting (12
hours for GTT and 4 hours for ITT) before whole blood sampling was performed. An
intra-peritoneal injection of either glucose or insulin was administered and whole blood
sampling was subsequently performed onsctus mice at 30 minute intervalsdure

2.4).5

Improved glucose handling and the ability to clear glucose more rapidly was observed
in mice treated witH, compared to contr8P. Also, results from the ITT showed that
mice treated withl also experienced improved insulin sensitiVityLower glucose
leves at the varying time point indicates a more sensitized response to if&gline(
2.4(ITT)).
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Figure 2.4:GTT and ITT results for Group A (drug treatddplue)) and Group B
(Control(black)) insulin resistant micelhe decrease in glucose concatitms for both

GTT and ITT indicate improved glucose handling with the use of comphund

2.3.2 Glucose tolerance and insulin tolerance testingf compound2 and 3.

Improved glucose handling and the ability to clear glucose more rapidly was observed
in mice trated with compoun@, compared to controF{gure 2.5 (a)). Compoundl
proved to be more effective than compou2dInsulin sensitivity was not greatly

improved in mice treated with compourg] as seen from the results of the ITT
(Figure2.5(b)).
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Figure2.5 (a) GTT for drug treated (compourtand3) and insulin resistant (control)
mice andb) ITT results for drug treated (compou@nd2) and insulin resistant

(control) mice.

2.3.3 Weight loss studies with ompounds 1 and 2.

Obese individuals are at a gter risk of T2D as increased fat mass leads daced

insulin sensitivity. e link between obesity and insulin resistance described in Chapter
1. Fordet al.have reported that the risk of diabetes increases by 4.5% to 9% for every 1
kg increase in weltgt.”® Obesity can also lead to other life threatening conditions such

as dyslipidemia and cardio vascular disease. A number of current pharmaceuticals cause

weight gain, which results in a worsening glycaemic contiar dime. Therefore
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weight loss is a corner stone in the treatment and management ofT2%. New
pharmaceuticals are therefore needed that improve insulin resistance without causing

weight gain.

As well asshowing improvedhe insulin and glucose profiles in mice, mice treated with

1 also exhibited a reduced weight gain over the 8 week period when compared to a
control Figure 2.6 (a). Trials performed by our collaborators proved tthéd reduced
weight gain was not due to a preference in food nor was it due to a reduced food
intake® This reduced weight gain was most likely a secondary effect as a result of the
improved insulin resistant profile caused be the uske Afthough compoun@ was not

as effective at reducing weight gain as compounda reduction in weight was still
observed Kigure 2.6 (b)). This ability to cause a reduced weight gain is a remarkable
characteristic of an antidiabetic drug.
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(b)
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Figure 2.6. Weight variation in diabetic roe over an 8 week period)(
Compoundl (b) Compound?.
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2.4 Initial structure activity relationship (SAR) study of compound related to

compound 1

The excellent results obtained from both the SPR assay and the animal studies led to a
desire tooptimize compound. in terms of its antidiabetic properties. Eight compounds,
4-11, were initially identifiedby systematically removing functional groups frahe

amidel (Table 2.1). For example, the aromatic nitrogen and the sulphur atom in the
alkyl chain were removed to investigate their possible roles as HBA, while a carbonyl
group was introduced into the alkyl as an alternative HBA. The chlorine atom was
removed to examine its effect on the electronic properties of the aromatid hiese
compoundswere subsequently synthesised and underwent a series of, asmagdy

fluorometric binding assay, SPR and glucose uptake assay.

FONG "
A | N/w
R K/N 0
X2
=
s/

Compound R X1t X?
1 Cl N S
4 H CH CHz
5 H CH C=0
6 H N C=0
7 Cl N C=
8 H N CH>
9 Cl N CHz
10 H CH S
11 Cl CH CHz

Table 2.1: Structures otompoundsl-11.
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2.4.1 Fluorimetric Binding Assay

The Fluorimetric Binding Assay quantitatively measures a compounds ability to dock
within apo-RBP, by measuring the level of tryptophdnofescence quenching that
occursy’ A compounds ability to quench trygghan fluorescence was evaluated at 280
and 350 nm. ROH and Fen, both known ligands of RBP4, showed the expected
guenching of the tryptophan residue. Howeutbg amide4 and its analogu® both
showed an unexpected increase in fluoresc&ngare 2.7 (a) Although this increase

was not expected, conformational changes at or around the tryptophan residue may be
responsible and this increase may still indicate some level of interaction betvaed

RBP47°

Other aalogues however showed no increase in fluorescence but showed a slight
guenching affect indicating binding had occurred. Compdumaés shown to quench
the tryptophan residue better than the-netimoid A1120(Figure 2.7 (b))."%"?

The effect of compounds on Tryptophan fluorescence
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(b) The effect of compounds on Tryptophan fluorescence
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Figure 2.7.Fluorometric bindingassayof (a) ROH, 4, 5 and Fen(b) ROH, 6, 9
and A1120The binding of compounds to Hisgged apo-RBP4 was monitored
by titration of the intrinsic fluorescence emission of the protein in the presence
of increasing concentrations of compounds (0, 0.2, 0.41M61.5, 2.0, 5.0,
10. 0, 15.0 eM). The quenching of prot
energy to the ligand was evaluated using excitation and emission wavelengths of

280 and 350 nm, respectively.

2.4.2 Surface Plasmon Resonance analysis tife derivative of the compoundl,

compound4.

SPR analysis was carried out by our collaborators in the same manner as previously
mentioned insection 22.%° His-RBP4 was immobilized on the surface of the chip,
while TTR, ROH and4 were consecuely injected over the surfac®esultsof the

SPR assay showompound4 to be a highly effective disruptor of the RBFFR
complex with results indicting that it was more potent th&h The potency o# as a
disruptor of the RBPATR complex is more evident when the SPR results are
compared to that of Féi.From the SPR assay it is clear that the activityl afs a
disruptor of the RBPATR complex was further optimized in the form 4{Figure

2.9).

Compounds5-11 were not tested in the SPR assay. However, their gctwas
examned in a glucose uptake assay.
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Figure 2.8: SPR assay results of 1 uM TTR exposed to 10 ui, dfand FenSPR

assay performed in SPR running buffer at a flow rate of 10 uL/min at 25 °C.

2.4.3 Glucose Uptake Assaynd the derivatives of compound 1land compound4.

Muscle cells are the main consumers of glucose within the body and extract glucose
from the blood via an insulin dependent mechanism. Glucose is metabolised
intracellularly by a process known as glycoly$ighis is a multistep, catabolic process
consisting of the breakdown of glueosnto pyruvate, a pivotal point of aerobic
respirationt* An example of a key step in glucose metabolism, glycolysis, is the
phosphorylation of glucose by the enzyme hexokinase into ghtephesphaté?

A distinct characteristic of T2D is the decreased sensitivity of muscle cells to iffsulin.
When insulin is used as a treatment, it stimulates the uptake of glucose by muscle cells.
Therefore, a compound that is capable of stimulating this uptake of glucose within
musclecells would be useful as a diabetic treatment. Compounds were subsequently

tested for their ability to induce the uptake of radiolabelled glucose within muscle cells.

The glucose uptake assay measures the amoufitl afeoxy2-glucose a tritiated
analogueof deoxy2-glucose, taken up by muscle ceflsl. deoxy2-glucoseis used as

its biochemical properties allow for it to be easily traced and measured within' & cell.

42



Chapter 2 Identificationof hit compoundd, 2 and3

As with glucose, the glucose transporter GLUT4 also transpHrideoxy2-glucose
into muscle cells. Here it is phosphorylated by hexokinase to’givteeoxy2-glucose
6-phosphate which is the susceptible to hydrolysis by the enzyme glugdse
phosphatas€. As muscle cells have extremely Idevels of this enzymethe tritiated

substance remains in the osthere it can be quantitatively measurféd.

2.4.3.1Compound 4 induced glucose uptake

The glucose uptake assay was carried out by our collaborator Dr. Darren Martin.
Incubation of C2C12 muscle cells with 10 uM of compodrfdllowed by exposure to

1 ¢ Ci 3H mdoxy2-glucose stimulated the uptake dH deoxy2-glucosewithin the
cells. This stimulation was significant compared to béisal a control) which are cells
exposed to®H deoxy2-glucose in the absence of a druthis stimulation was time
dependent witht only causing the uptake of glucose after cellsen@cubated with
compound4 overnight Eigure 2.9).
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Figure 2.9: Time dependerntompound induced glucose uptak€2C12 muscles dal
incubated for 1 hr or overnight the presence of compouddCells then exposed i
deoxy2-glucose for 10 mins aralscintillation count of the C2C12 muscle cells

performed.

Surprisingly, when other compounds suchLasd Fen, which were both highly active
in the SPR assay, were tested for their ability to stimulate glucose uptake, they were
found to be inactiveHigure 2.10.
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Figure 2.10:Glucose uptake assay results Ipd and FenC2C12 muscle cells
incubated overnight at 37 °C in the presence 10 uM of each compound. Cells then
exposed tdH deoxy2-glucose for 10 mins and a scintillation count of the C2C12

musde cells performed.

The success df in the glucose uptake assay, and its increased potency compdted to
renderedit necessary to identify the functional groups responsible for evoking the
biological response. A structure activity relationship (SAR) ystwds carried out to
ascertain the functional groups responsible and their possible role in stimulating glucose

uptake.
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2.5 Conclusion.

The aims of this section of the project were achdewéh the identification of three
RBP4TTR inhibitors. Compounds 1, 2 and 3 proved to be active in the SPR assay
confirming their ability to inhibit the formation of the RBRFTR complex. Animal
studies were also encouraging #ese compounds wergsuccessful in controlling

glucose levels but also imprang insulinsensitivity in mice.

An additional important result was the reduceeight gain observed with the use of
compoundl. As many current antidiabetic drugs have the unwanted side effect of
weight gain, a compound that can act as an insulin substitute whildnmgdveight gain

would be highly beneficial to the diabetic patient.

A SAR study was performed dhe amidel which led to the design and synthesis of
eight compounds4-11, which were tested in a number of assays such as the
fluorometric binding assaynd the glucose uptake assay. Compodngroved to be

more active than compoundl in the SPR assawynd the glucose uptake assay.
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3. Synthesis ofcompound 1 and its
derivatives, 4-81.
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3.1 Introduction

The piperazine heterocycle is foundanwide range of biologically active molecules.
For example, it is present in drugs responsible for the treatment of HIV and
osteoarthritis while the piperazine containidgsubstituteeb-acylbenzothiazologs are
active analgesic$’® The piperazine molecule itself is of biological interest as it has
been reported to function as a potent anthelmintic, removing efth&srobiusor

Ascarisfrom humang?

The biogenic amie, Shydroxtryptamine (84T), commonly known as serotonin, is a
neurotransmitter that controls a number of important biological processes by interacting
with a family of receptors known asHT receptors*®! The serotonin recept® are
subdivided into the seven classeBiB..7, with 5-HTe the most recently discoverétA
number of antipsychotic and antidepressant drugs are known to bind to this receptor.
The telow piperazine containing antagonisi® and 13, havebeenshown to have a

high affinity for the 5HTe receptor Figure 3.1).

Figure 3.1.5-HTs antagonistsl2: Ar = 5-chloro-2-methoxy4-methylphenyl13: Ar =
5-(dimethytamino)napthyf!

Interestingly, it has been shown that antagonists of this receptor cause a reduction in
appetite and an increase in weight loss. As a result, this receptor is besstigated

for its role in the treatment of obesfty.

3.1.1 Arylpiperazines and their synthesis

Numerous antifungal, antibacterial, antidepressant, antipsychotic, antihypertensive and

even ecreational drugs, contain arylpiperazines. As previously described, they are
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particularly common in the field of neuroscience where they are often found in ligands
for dopamine and serotonin receptéf#\s the arylpiperazine moiety is present in a
broad and diverse range of pharmaceuticals and biologically active compounds, various
synthetic approaches are needed to allow access to the necessary aryipiperaz
derivatives. The formation of the-® arylpiperazine bond can be performed using a
variety of synthetic approaches, including metal catalysed reactiardeophilic

aromatic substitutions (&r) and cyclocondensations involving anilirfé8#8°
3.1.2 Metal catalysed arylpiperazine synthesis

3.1.2.1Ullmann reaction

First reported in 1901, the traditional Ullmanracgon involves the homocoupling of

aryl halides in the presence of copper powder, with reaction temperatures generally in
excess of 200 °@5878889 Attempts have been made throughout the yeaimpoove

these harsh conditions with the use of activated and alternative metals, such as nickel
and palladium. Work by Nadriet al has allowed for the homocoupling of
bromobenzene using palladium diacetate and a phosphine ligand at 100 °C with the
biaryl product isolated in a quantitative yief.

Ulimann type reactions uolve the coupling of nucleophiles such as phenols or amines
with aryl halides. This generally involves the use of copper salts such as Cul with
reaction temperatures typically ranging from 18D °C88°! For example, Maet al
reported the Cul catalysed coupling of an aryl halide with an amino acid, while
Hoffmannla Rocheet al utilised the Ullmann typearyl-amine bond formation in the
synthesis of the below arylpiperazitd (Scheme 3.18% The proposed mechanism

for the copper catalysedJlimann reaction is shown in Scheme 3.2where the
mechanism is thought to proceed tgh two possible pathwaysA) oxidative addition

of the aryl halide occurs primarily oB) transmetallation is the first step in the
pathway. Both pathways culminate in the formation of a Cu(ll) species followed by an

elimination step to give the coupledoduct and the regeneratiohthe Cu(l) halide®
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o. _O O. _O
HN/\
K/NH
—_—
NH (i) NH

Scheme 3.1The Ulimann type €N bond formation, (i) CullN, N-dimethylglycine
hydrochloride, KCQOs, DMSO, 16 hrs, 120 °C, 80%.

NuH + base
ArX
CuX
A + B base-HX
]
X :
Ar—Pd | CuNu
\X :
:
NuH + base '
Nu
Ar—éU—X
base-HX l
ArNu

Scheme 3.2The proposed mechanism for cooper catalysed Ullmann copling.

3.1.2.2Buchwald-Hartwig amination

Discovered by Stephen L. Buchwald and John F. Hartilvig,aminationnvolvesaryl-
amine couplings mediated by a palladium catalyst and typically a suitable phosphine
ligand® In 1994, both Buchwald and Hartwig independently reported-aaryhe

couplings employing a combination of palladitand tin®° However, due to the
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toxicity associated with the use of stannanes, this was quickly followed byfradin

synthesis $cheme 3.3°%"%8

L,PdX, —® L,pd (15)

+L“-L

(20) ArNR, _
L—Pd /\ ArBr
(16)
NR, L Ar
L—Pd Pd 17
\Ar B( /Br ( )
Pd
\
AL
HOBu + NaBr
Br\ /L
Pd\
A’ NR,H
t

Scheme 3.3Tin-free, palladium catalyzed argimine coupling’®

The mechanism of the Buchwaltthrtwig amination proceeds through steps similar to
that of a palladium catalyzed-C bond formation. Reduction of Pd(ll) to Pd(Qp) is
followed by oxidative addition of the aryl halid&6] to the Pd(0) specse This affords

a dimeric aryl halide complexL{). The dimer is then cleaved by the amine to give a
monometallic aryl halide intermediate which contains a single phosphine and a single
amine ligand 18). The acidity of the amino proton is increased duedmrdination of

the amine to the palladium. This allows for the deprotonation of the acidic proton by a
suitable base such as LHMDS or NBO (8). Reductive elimination of the ang

containingcomplex produces the arylamir@)] and regenerates the Pd@mplex.

This palladium catalyzed reaction was used for the synthesis of the below arylpiperazine
(21), which was a precursor for the adenosine receptor subtype,aAtagonist22

(Scheme3.4). The Aa receptor is expressed in the striatum of the brathstimulates
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adenylate cyclase activity which controls AMP levels and thus plays a vital role in
motor function. It is known that A antagonists prevent motor function disturbances
and have the potential to act as a new class ofsgntptomatic drug foconditions
suchaP ar ki disaséd’6 s

o) HN/\NH _©
/QBFK/—.’ \©\N/\

(1)

(22) , Y4

Scheme 3.4BuchwaldHartwig amination for the synthesis of arylpiperazines,
(i) Pck(dba), NaOBu, BINAP, toluene, 80 °C, overnight, 70% (ii) DMF, 90 °C, 5 hrs,
60%%°

3.1.3 Nucleophilic aromatic substitution (SVAr)

Nucleophilic aromatic substitution is an additielimination reaction where a
nucleophile is added to an aromatic ring resulting in the loss of a suitable leaving group.
Common nucleophilemclude groups containing nitroger oxygen such asyanides

while halides generally actds the leaving group. The presence of an electron
withdrawing group, such as a nitro or £group, ortho and/or para to the leaving
group, is required in order to create an electron poor, hencwoeleitic aromatic

ring.t%
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The additon of the nucleophile to the aromatic ring is the slow rate determining step as
it disrupts aromaticity, while the elimination of the leaving group is the faster step as it

involves the restoration of aromaticitgheme 3.5

S)
© N
N@ ®
N
F o Oe NOO
© | N :
N=N=N@/—\‘ Nf the addition step N © the elimination step NE:)
(/O ? o
rate determmmg FAST

step
the intermediate

Scheme 3.5Nucleophilic @omaticsubstitution Theadditionelimination
mechanisnt®

As can be seefrom the above scheme, flucgids a useful leaving groupm SVAr

reactions. Fis regarded as poor leaving group in other transformations, due to the
strength of the & bond. However its enormous inductive effechich stabilises the
anionic i ntermedi at e, ai ds in the ar omzs

electronst®

3.1.3.1SnvAr reactions and microwave (MW) irradiation

SVAr reactions generally employ conventional heating methods in the synthesis of
arylpiperazines, and typically involve heating dtwe in a suitable solvent. However,

reaction times can be long. In general, the use of MW irradiation can shorten the
reaction time and in some cases, improve yields. MW irradiation has been successfully

employed in the synthesis of arylpiperazit@s.

3.1.3.2Microwav e Synthesis

Since Gedye and Majetich first reported the use of MW for the acceleration of organic
reactions, the use of MW heating has become a valuable tool to synthetic ch¥mists.
MW synthesis is capable of decreasing reaction times and improving yields due to its

efficient method of energy transfég

A MW is a form of electromagnetic energy that consists of an electric field and a
magnetic field®> Microwaves are found at the lower end of the electromagnetic

spectrum, between radio and infrared frequencies, and are characterized in the 0.3 to
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300 GHz frequency rand€ The energy of a MW photon at this range only affects
molecular rotation and does not possess sufficient energy to cleave molecular bonds,
therefore molecular structure is unaffect€tiMW assisted heating can involve the
direct coupling of microwaves with the readtanolecules. The ability of microwaves

to heat a substance depends on a materials capacity for absorbing energy and converting
it into heat!®® Unlike conventional heating methods which rely on conduction or
convection for the transfer of energy, MW energy is primarily transferred by dielectric
loss. The electric &éld is responsible for the transfer of energy from MW to mateigal

dipole rotation or ionic conduction.

MW irradiation can causen increase in the rate of reaction. The rapid increase in
temperature provides the reaction system with a large amounegjyerelative to the
energy needed to overcome the activation barrier. This fact is responsible, not only for
the increase in reaction rates, but also for the improved yields. From the Arrhenius
equation Equation 3.1), it is clear that an increase in teemature results in an increase

in the rate of reactioff*
k = AeERT

Equation 3.1: The Arrhenius equation.

3.1.3.3Arylpiperazine synthesis

Although the scope of metal catalysed arylpiperazine synthesis is broad, one
disadvantage associated with this synthetic approach is the cost of the metal catalysts
and if required, the ligant¥> MW irradiation offers a facile and versatile approach to
arylpiperazine synthesis without the use of costly metal catalysts or ligands. This was
evident in the synthesis of a series of substituted arylpiperazines carriedManhget
al..1%Here piperazind\-methylpiperazine or morpholine were reacted with a variety of
substituted fluorobenzene derivatives usihgmethyl2-pyrrolidone (NMP) as a
solvent. In me such examplel,2,4,5tetrafluorobenzenavas reacted with all three
amines to give the arylpiperazines in excellent yields and short reaction Sotesr(e

3.6).10°
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Entry X Time (hrs) Yield (%)
1 NH 15 87
2 N(CHs) 1 90
3 O 1 86

Scheme 3.6Synthesis of fluorinated arylpiperazines using MW irradiation {3 ®s,
NMP, MW 105

Aromatase is a member of the cytochrome P450 family that is involved in the catalytic
conversion of C19 steroids to oestrog&tis?” Exposure to oestrogens has been linked

to the promotion of hormone related diseases such as breast cancer with expression of
aromatase more significantly induced in cancerous breast tissue compared to healthy
tissuet®® 1% For this reason aromatase inhiips provide a viable option for the

decrease in oestrogen production and thus the treatment of breast-¢ACE?.

The compound letrozoleS€heme 3.y is an active aromatase inhibitor used in the
clinical treatment of breast canc@.Compound23is a letrozole analogue synthesised

in the search for a new lead compound where MW assisted arylpiperazine synthesis was
used to generate the arylpipeine from the fluorobenzene precur§8The compound

was synthesised in an extremely short reaction time and in an excellent vyield,

demonstrating the efficiency of MW assisted arylpiperazine systhesi
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CN
aJNe >
N N
Ao HO A
N N
<y )
O F ™
CN CN CN N
Letrozole 23)

Scheme 3.7Structure of letrozole and the syasiss of compoun@3 with similar
biological activity to Letrozolg(i) NMP, MW, 15 mins, 95%%

The efficiency of aylpiperazine synthesis using MW conditions was apparent in the
synthesis of the piperazine(fyridin-2-yl)piperazine $cheme 3.824). Bromopyridine

was reacted with piperazine in the absence of a solvent to give the arylpiperazine in a
54% yield after tventy minutesi®WhenMilkiewicz et al attempted the synthesis24

using metal catalysis, a substantial reduction in yield was obsenkbnipyridine

and piperazine were reacted in the presence of the palladium catabyst
(dibenzylideneacetone)dipalladif’ and 2,2bis-(diphenylphosphine},1- binaphthyl.

The reaction was heated at reflux in toluene for eighteen hours, however an almost

twenty per cent reduction in yield compared to the MW assisted approach, was

~ Dy

7 (i)

observed!!

(24)
Scheme 3.8Synthesis of the arylpiperaziad, (i) 150 °C, 20 mins, 54%!

3.1.4 Cyclocondensations

Previous examples saw the arylpiperazine moiety synthesised from aryl halides and
piperazinevia a nucleophilic aromatic substitution. An alternative approach to this
involves a cyclocondensation reaction between anilines ahd N-bis(2
haloethyl)aminesScheme 3.9
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H'HCl X
X CI/\/ \/\Cl |//
|// g R N
R NH, JAN k/NH.HCI

Scheme 3.9Synthesis of arylpiperazinega cyclocondensation of anilines ahgN-

bis(2haloethyl)amines.

A broad range of anilines can be used in this cyclocondensation appresdting in
the synthesis of a vast array of arylpiperazine derivatives. This was demonstrated by Liu
et al who heated the appropriate aniline &N-bis(2chloroethyl)amine in diethylene
glycol monomethyl ether at 150 °C resulting in the formationhef HCI salt of the
arylpiperaziné? The nature of the aniline substituent did not greatly affect the
cyclocondensation with arylpiperazines generated eldgi ranging from 685%
(Scheme 3.1p
H.HCI X
AN SR SR | /-

| -

R NH, @) " UH.HCI

Entry R Yield(%)*
1 H 79
2 4-nitro 90
3 3-COzEt 90
4 3-OMe 95

Scheme 3.10Synthesis of arylpiperazinega cyclocondensation (i) diethylene glycol
monomethyl ether, I5°C, *Isolated yields based on free anfifie.

This approach was also employed by Juwtlal to produce a series of arylpiperazine
derivatives which weresubsequently used to synthesise a number of quinazoline

piperazole analogueS¢heme 3.1125).112
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(o] N
l\N RT/
pZ
H.HCI N N N
N o e L ™ § )
> N R
A F (i) R (ii)
R NH; NH
b L

‘ )\@
N
(25)
Scheme 3.11Preparation of arylpiperazingsg a cyclocondensation approach and

subsequent synthesis of quinazolpigerazoles, (i) diethyleneglycol monomethyl ether,
reflux, 6 12 hrs, 5565% (ii) K2CQOgs, isopropanol, reflux, 1012 hrs, 4564%112

3.1.5 Synthesis of amide bonds

Amide bonds can be synthesised in a variety of ways, with the most common method
involving the use of coupling reagents to activate the carboxylic iacgitu. In the
absence of coupling reagents, the merger of these two groups, with the required loss of
water, can only happen at high temperatures and such conditions can be damaging to the
overdl integrity of the reactants. Therefore coupling reagents are often used to increase
the reactivity of one of the reagents. The simplest way of doing this is by activating the
carboxylic acid with the use of coupling reagents; thus forming an activageiesp
(Scheme 3.1p*'2 Coupling reagents are used to generated more reactive intermediates

such as acid chlorides, anhydrides, carbonic anhydrides or activated'@sters.

H
O O ' N' " O

Jj\ activation R )]\Act RTR )]\ R

R OH

Scheme3.12: Activation of carboxylic acid leading to amide bond formatfith.

3.1.5.1Types of coupling reagents

A wide variety of coupling reagents exist ranging from carbodiimides, the very first
coupling reagents synthesised, to the potentially explosive benzotridZofsch a
variety of reagents exist as the coupling reagent needs to be able to deal with a broad
range of substrates and their differing reactivitt€g.wo of the more common reagents

are described in more detail below.
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3.1.5.1.1 Carbodiimides

Carbodiimides were the first coupling reagents employed in amide bond formation and
are still widely used to this day. One of the most camiy used carbodiimides is
dicyclohexylcarbdiimide (DCC), which has been used as a coupling reagent since
19551 Its use produces the white, and generaisoluble, byproduct dicyclohexyl

urea (DCU), which can be easily removed by filtrafibh.

The mechanism of action first involves the formation of the activated ester intatenped

the O-acylurea 26), which is then attacked by the nucleophilic amine to yield the amide
product and the DCU2{) by-product Echeme 3.1B Formation of an amideia an
anhydride species28) can also occur if enough carboxylic acid is present in the
reaction mixture. In this case, the carboxylate anion attacks the activated ester forming
the anhydride. This is subsequently attacked by the amine giving the desired amide
product. TheO-acylurea species can also give rise toNaacyl urea by producf29)
(Scheme 3.18
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0 NH,R' R~< O-acyl urea (26) y 29)
! O
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Scheme 3.13Amide bond formation using DCC coupling reagérit.

3.1.5.1.2 Hydroxy benzotriazoles

Benzotriazoles react with carbgic acids in the same manner as carbodiimides to form
the OAt/OBt activated estet¥ Although benzotriazolesra often used as the uronium
or aminium salts, the presence of the counter ion was not found to affect its ability to

assist in the formation of amide bords.
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3.2 Synthesis of corpound 1 and the derivatives ofcompound 1.

The final step in the synthesis of compounand many of its derivatives, involved the
generation of an amidé&s¢heme3.14). The below scheme showke retrosynthetic
pathway for the synthesis of the amitlfrom a substituted arylpiperazine and the

carboxylic acid30.

HO_ _O
FsC | Ny
Z N S
/ﬁ (30) \@
cl K/N 0
— + S Y
@ NG FsC |\N
/
S G N/\
Cl NH

Scheme3.14 The formation of an amide bond from an amine and a carboxylic acid.

3.2.1 Synthesis of compand 1

Synthesis otthe amidel involved a twestep process. Firstly, the carboxylic acid, 3
(thiophen2-ylthio)propanoic acid 30), was synthesized from-t3omopropanoic acid
and thiophen&-thiol. We first employed a literature procedure where nucleaphili
attack by the thiol o the electron deficient carbdralidebond in the presence of base
at rt, produced the desired carboxylic acid in a 50% yi€ld/e thenusedan improved
synthess, reported by Hammarmet al., which saw the reagents heated at reflux in EtOH
for 5 hourst'® This gavethe carboxylic aci®0in an 85% yield $cheme 3.15

o o HS = HO_ _O
—_—
Br @ N
s_/

(30)

Scheme 3.15Synthesis of compour@D, (i) K2COs, EtOH,reflux, 5 hrs, 85%.
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Formation of the amide bond was conducted usinghttaeoxyl benzotriazoles HOBt

and TBTU. The activated OBt ester underwent nucleophilic attack by the electron rich
substituted piperazing-chloro-5-(trifluoromethyl)pyridn-2-yl)piperazine, resulting in

the formation othe desired amidéin a 71% yield $cheme 3.1%

FsC
| =
> N/\
HO (0] N
'
)

), 0

30) 1)

S

Scheme 3.16Synthesis of, (i) HOBt, TBTU, NEg, DMF, Ny, rt, overnight, 71%.

NMR spectroscopy verified the formatioh bwith two triplets present at 3.11 and 2.68
ppm, both with coupling constant values of 7.1 Hz. These peaks resonating at this
chemical shift areharacteristiof the two methylengroupsfound in the alkyl chain of

1. The presence of the €group in ©ompoundl, and other compoundl derivatives
containing the trifluoromethyl phenyl group, is evident from tf@ NMR spectra
shown below.The 100% natural abundance and the spir of % of °F, allows
heteronuclear coupling betwe&iC and!°F to occur. Tie observed quartaiesonating

at 123.8 ppm witta coupling costant of 270.0 Hig, indicative of the Cgcarbonatom

while the quartet resonating at 121.2 ppm with a coupling constant of 33.0 Hz is
characteristic of th@so C-CFs carbon(Figure 3.2). The formation of the amide bond
was confirmed by IR spectroscopy due to the presence of the band at 1636 cm
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Figure 3.2 Expanded view of region othe'3C NMR spectrunof 1in CDCl.

The J values diminish as the carbons become more distant fromuitené atoms.
Thusthe quartet with coupling constants of 4.1 and 3.3 Hz 3t6l4nd 136.7 ppm

respectivelyepresent the carb@ions metato the piperazine ring={gure 3.3).

143.7730
143.7171
143.6607
143.6040
136.8608
136.8176
136.7731
136.7292

s
N
e
N

NV

[ppm]

I I
145 140

Figure 3.3 Expanded view o& region othe*C NMR spectrum of in CDCl.
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3.2.2 Synthesis ofderivatives of compound1.

The synthetic strategy for the synthesis of dieeivatives of the amid& centered on a
final coupling reaction. In many cases either the piperazine unit or the carboxylic acid
unit had to be synthesised priorth@ coupling $cheme 3.1

NH R’ OH

Rl

Scheme 3.19Synthetic strategy for the synthesigdeftivatives of compountl.

3.2.2.1Synthesis ofderivatives of compoundl with changes to the arylpiperazine

The synthesis oflerivatives ofcompoundl with changes to the arylpiperazine group
involved the coupling of a variety of different arylpiperazines wi2-thienyl)butyric

acid (Scheme 3.2]) For example, derivatives were synthesised where R was equal to
groups such as Glr NO;, X*and X2were nitrogen atoms or-&H andZ was a sigma

bond or a methylene group. A number of the necessary arylpiperazines were
commercially available while other piperazines were synthesised using nucleophilic
aromatic substitutions (&r) and the palladion catalyzed Buchwaléiartwig
amination. The construction of the piperazine moiety from anilines was also utilized in

the synthesis ad selectionof piperazine$3848°
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g
Scheme 3.20Retrosynthesis of derivatives of compoumaith changes to the

arylpiperazine.

3.2.2.1.1 Synthesis of piperazinesia SNAr

The preparation of compourid involved the synthesis of the substituted piperazine, 1
(2-chloro-4-(trifluoromethyl)phenyl)piperazine 3¢, Scheme 3.2}, from 2chloro-1-
fluoro-4-(trifluoromethyl) benzene and piperazineia a nucleophilic aromatic
substitution. The aryl halide andpgirazine were heated at reflux in DMF overnight in
the presence of base. However, this afforded a complex mixture which included the
mono (31) and di substituted(32) products $cheme 3.2R An alternative approach

was then chosen in which the piperazim@s Boc protected. The protected piperazine
was subsequently heated at reflux in DMF in the presence of the aryl halide. This gave

rise to the Boc protected product, albeit in a 10% vyield.
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HD FsC

NH  FyC

Cl Cl k/NH D\
cl CF

FsC

3

Scheme 3.22Synthesis 081 via SyAr, (i) K2COs, DMF, reflux, overnight.

3.2.2.1.2 Buchwald-Hartwig amination in the synthesis of arylpiperazines

The arylpiperazin®3, which was previously commercially available, became restricted
during the course this project. As this piperazine was a kegmediate in the synthesis

of our lead compound4, its synthesis was necessary. The literature focused our
attention on a palladium catalysed Buchwhliartwig amination. This involved the use

of 2-(2',6-dimethoxybiphenyl)dicyclohexylphosphine (SPhos) ad
bis(dibenzylideneacetongplladium (0) (Pd(dba) (Scheme 3.2B The product,
compound33, was isolated in a 40% yiefd.

F3;C

Cl
+

NH

&

Scheme 3.23Synthesis opiperazine33, (i) Pd(dba), THF, Toluene, NatBu, 90 °C, 8
hrs, 40%.
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3.2.2.1.3 MW assisted,SvAr synthesis of arylpiperazines

Asthe commercial availability of theiperazine33 became restricted and a low yield of
10% was obtained in the synthesis of the piperadiheising conventional heating
methodsan improved and more economical synthetic approach to arylpiperazines was
sought. Our aim was to synthesise the@pgrazines in shorter reaction times and in
greater yields. We were attracted to a palladium free synthesis described in the literature
where only the aryl halide, piperazine dnthethylpyrrolidin-2-one (NMP) were
employed It involved a nucleophilic aromatic substitutionn8), facilitated by

microwave irradiatiort®* Our efforts using this methodology are described below.

The microwave assisted synthesis of the arylpipeeaziconsisted of heating the
appropriate benzotrifluoride at 200 ,°f@ a microwave reactpandin the presence of
piperazine for 30 minutesPiperazine31 was successfully synthesised in a 61% yield
(Scheme 3.2). The increase in yield, compared to theeviously discussed
conventional heating method, highlights the effectiveness of MW irradiation in organic
synthesisTable 3.1).

HN
FsC K/NH FsC
—_—
F (i) N/ﬁ
Cl cl K/NH

31

Scheme 3.24Synthesis 081, (i) NMP, MW (300 W), 200 °C, 20 mins, 61%.

Thes conditions were also employed in the synthesipipérazine33. Although an
increase in yield was observed compared to the palladium synth@3stloé yield was

lower than that for31. This lower yield can be explained due to the presence of a
chlorine atom, instead of a fluorine atoparato the Ck group as seen in the synthesis

of 31. As previously described, the presence of fluorine increases the rate of reaction

due to its enormous inductive efféés.
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Compound Reaction type Yield (%)
31 Conventional heating 10
31 MW assistedheating 61
33 Palladium catalysed 40
reaction
33 MW assisted heating 50

Table 3.1: MW assisted synthesis of arylpiperazidsand33.

The MW conditions were also applied to the synthes@imgrazine34 (Scheme 3.2b

The product was carried forwarddused in the coupling with-@-thienyl)butyric acid

without any further purification.

FsC

NH
—_—_—

34

Scheme 3.25Synthesis 084, (i) NMP, MW (300 W), 200 °C, 20 mins.

The importance of the electron withdrawing :C§roup wasevident during the
attempted synthesis &5 (Scheme 3.2 Even with the aid of MW irradiatioithe

desired substituted piperazim®uld not be formedinstead starting materials were

recovered. We believe that the lack of reactivity was due to the peeséapara CHs

group instead of a GFCHs groups are slightly electron donating whereas @ups

are strongly electron withdrawing. As such azGEtivates an aromatic ring towards

nucleophilic substitution whereas a €gtoupwould have the oppositffect.
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Q0

35

F

Scheme 3.26Attempted synthesis &5 using MW irradiation, (i) NMP, MW (300 W),
200 °C, 20 mins, product not isolated.

The CR group stabilises the anionic charge formed after nucleophilic attack on the
aromaic ring. Unlike other electron withdrawing groups, such as a nitro gnebh
stabilizes an anionic charge by conjugation, the @Bup stabilises a charge through
an inductive effect’® The electron withdrawing properties of fluorine polarizeé C
bonds allowing it to stabilise an anionzharge'® An alternative approach was

therefore necessary for the synthesi8®f

3.2.2.1.4 Cyclocondensations

An alternative method for the preparation of substituted piperazines consisted of the use
of anilines and bis¢hloroethyl)amine.HCI. This M reaction constructs the
piperazine ring from disubstituted amine salt to give the HCI salt of the arylpiperazine.
This method relies on the nucleophilic nature of the aniline and does not require an
electron withdrawing group, as with/&r reactions. In fact, the presence of an electron
withdrawing goup would be detrimental as it would reduce the nucleophilicty of the

primary amine.

Piperazine 35 was therefore synthesised fromp-toluidine and bis(2
chloroethyl)amine.HCI by heating at reflux is(2methoxyethyl) ether for 16 houfs.
This gave the HCI salt of the arylpiperazine, which was then stirred in a 5% NaOH
solution to afford the free amin&cheme 3.27. A high boiling solvent was usddr
this couplingas high temperatures were required due to the reduced nucleophilicty of
aromatic amines. This reduced nucleophilicty is characteristic of anilines due to the

delocalisation of electrons into taeomatic ring-%°
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H H K/NH
N
c NN ¢

o
Cl

Scheme 3.27Synthesis 085, (i) bis(2methoxyethyl) ether, reflux, s (ii) 5%
NaOH, rt, 4 hrs, 1%.

This method was also used to synthesise the piper&&nés with 35, an aniline
derivative, 4-(tert-butyl)aniline, was reactewith bis(2chloroethyl)amine.HCI in the
dissolved inbis(2-methoxyethyl) ether. The HCI salt of the substituted piperazine was
isolated in a 63% yield. The free amine was then isolated using 5% Nachdnie

(i)

H H
CI/\/ @\/\C|

S
Cl

Z
I

Scheme3.28 Synthesis 086, (i) bis(2methoxyethyl) ether, reflux, 16 hrs, 63% (ii) 5%
NaOH, rt, 4 hrs, 87%.

3.2.2.1.5 Synthesis of alkyl/acyl piperazines

Introduction of a carbonyl group or methylene group between the piperazine and
trifluoromethyl phenyl group firstequired the synthesis tiie arylpiperazine87 and
38. Nucleophilic substitution of the appropriate benzotrifluoride derivativ&ng

piperazinggave access to the required amines.
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Compound37 was synthesised using an exc€®seq) of piperazine. Pipemne was
added to a solution of-@rifluoromethyl)benzoyl chloride in DCM at 0 °C. Although an
excess of piperazine was used, the major productesbi@as the disubstituted product
(39). However, a sufficient amount of the monosubstituted product wkdad for use

in the subsequent coupling reacti@clieme 3.29

37 39

FaC
FsC \©YO
HN /ﬁ o
+
FaC

Scheme 3.29Synthesis 087, (i) DCM, DIPEA, 0 °Crt, 2 hrs, 3% for compourgi7
and 82% foi39.

A fourfold excess of piperazine was also used in thehegis of38, which involved
heating the reaction mixture containing piperazine andbrdmomethyh4-
(trifluoromethyl)benzene at 85 °C in toluerecheme 3.3D'7 An excess was used to
prevent the disubstitution of the piperazine. The monosubstitutedghradis isolated
in a 57% vyield.

. O
:
(1) N
Br [ j
38 ’;"

Scheme 3.30Synthesis 088, (i) Toluene, 85 °C, 2 hr§,7%.
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3.2.2.2Condensations

Thefinal derivatives oftompoundl were prepared in a similar fashion to compoand
with the use of the couplinggentsHOBt and TBTU in the last stefgble 3.2. Some
of the required piperazines were synthesised as described phgaadsthen coupled
with 4-(2-thienyl)butyric acid to give the finatlerivatives As a number of the
piperazinesand functionalised carboxylic acidegeded to syhesise the necessary
derivatives were commercially availabliese derivativesould be sythesised in one
step by reacting thappropriatepiperazineand carboxylic acidThe following tables

provide the yields and structures of the derivatives of compbund
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HO.__O R@/Z\UH R@ \U o

(1)

= =
s/ s_/
Compound R X z Yield (%)

4 p-CFs CH - 80
8 p-CFs N - 80
9 0-Cl, p-CFs N - 64
11 o-Cl CH - 80
40 p-F CH - 71
41 0-CRs CH - 63
42 p-NO2 CH - 75
43 bis(Mm-CFs) CH - 39
45 3-Cl, 4-CFs N - 68
46 0-Br, p-CRs CH - 50
47 H CH - 59
48 p-CHs CH - 24
49 p-tBu CH - 86
50 p-CFs CH C=0 50
51 p-CFs CH CH; 73
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44 10

=
W/

Table 3.2:Yields (%) of amide products, (i) HOBt, TBTU, NEDMF, N, rt,

overnight - = sigmabond

The amide4 was synthesised in an 80% yield with NMR spectroscopy ussdpjort
its synthesis. The presence of the peak at 171.0 ppm #HQH¢MR spectrunsupports
the presence of the amide cartaiom The presence of this group is furtlseipported
by IR spectroscopy due to the band at 1653!.cfihe presence of the €group is
evident due to the quartets resonating at 126.5 @pm3(6 Hz), 24.6 { = 270.0 Hz)
and 121.2J= 33.0 Hz). The synthesis of compouhdias alssupportedoy HR-MS.

The mono fluorinatederivative ofcompound4, the amide40, was characterizedsing
the splitting pattern resulting from the presence of the fluorine atomipsbecarbon
atomwas identified as a doublet with the characteridti@lue of 238.1 Hz, while the
ortho (J = 22.0 Hz) meta(J = 7.3 Hz) and para (J = 2.2 Hz) carbonatons were
identified based on the size of th@ivalues. Again, the size of tllevalue decreased as

the fluorine atom became more distéfig(re 3.4).

@) ez T 29
| \/
40
=
d, ipse carbon atoms, s~/
1 Jcr=237.7Hz

< ortho carbon
T
| atoms

T T T T T T T : T T T T
160 140 120 ppm]

73



Chapter 3 Synthesis of compoundsand itsderivatives 4-81

(d)

——118.5997
— 118.4977

—— 147.6556
——147.6245

<— d, meta carbon atoms,
3Jcr =7.6 Hz L

<— d, para carbon atoms,

MJLJ | iJcr=23Hz

I T T T T
118 [Ppm] 147.5 [Ppm]
Figure 3.4(a) and(b) Expanded view of portions of tH&C NMR spectrum ofimide

40in CDCl.

Compounls 52, 53 and 54, Table 3.3 were also synthesised to investigate the
biological importance of the phenyl ring and the piperazine ring. All three were
synthesised in one coupling step from the same carboxylic acid and corresponding
amine (1-cyclohexylpipeazine for52, (4-(trifluoromethyl)phenyl)hydrazinéor 53 and
4-(4-(trifluoromethyl)phenyl)piperidine fob4. Their structures and yields are shown in
Table 3.3.
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Compound Structure Yield (%)

S

¢

=
s/
53 FsC 69
T s
_N___O
N
H
=
s/
54 FsC 48
OU :
=
s/

Table 3.3:Structures and yields (%) of compourtfs 53 and54.

The successful synthesis 83 wassupported byhe'H NMR spectrum where the peak
resonating at 6.38 ppm, integragifor one proton, indicated the presence of the amide
proton. The presence of the amide proton is also clear from the IR spectrum where an
N-H stretch at 3309 cthand an NH bend at 1614 crhare present. The synthesiss&

was alsesupportedby HR-MS.

A number of the carboxylic acidseeded to synthesize the necessary derivatives of
compoundl with changes to the alkyl chain or thiophene rimgere commercially

available. These acids were reacted with arylpiperazine83 to afford the desired
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derivaives (Table 3.4. The derivatives synthesised contained variations in X or Z. For
example, X was varied by increasing or decreasing the length of the carbon chain or by
introducing heteroatoms such as sulphur. The Z group was varied by introducing groups
such as a furanyl hierocycle or a carboxylic acid.

HO 0]
b

F5C
¢
N N /\

Compound X Z Yield (%)
5 (CH2)2C=0 2-thienyl 81
10 (CH2)2S 2-thienyl 63
55 (CH2)4 2-thienyl 25
56 (CH2)s 2-thienyl 75
57 (CHo)s CHs 63
58 CHz - 57
59 (CH2)2 2-thienyl 44
60 (CH2)3 CHs 57
61 CHz 2-thienyl 20
62 (CH2)2 2-furanyl 31
63 (CH2)3 4-pyrazolo 10
64 (CH2)4 Ph 44
65 - 2-thienyl 73

Table 3.4:Yields (%) of amide products, (HOBt, TBTU, NEt, DMF, N, rt,
overnight,- = sigma bond.
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Good to moderate yigs were generally encountered, with the exceptiobbp61 and

63. A lower isolated yield was obtained f66 and 61 as multiple purification steps

were required to provide a pure compound. A 10% yield was observéd doie to the
presence of a secongiaamine in the pyrazole ring. The secondary pyrazole amino
group would have been expected to be less nucleophilic than the piperazinyl amino
group due to the delocalization of its lone pair of electrons into the aromatit®ing.
However, its reactivity may still have been sufficient to algack the OBt activated
ester, resulting in the possible production of undesired side products. Presence of
unwanted side products and the difficulty in isolating a free amine made purifigetion

column chromatography difficult resulting in a reduceddyie

Amides6 and7 arederivatives ofcompoundl which were synthesised with changes to
both the arylpiperazine and the alkyl chain. Bétland 7 were synthesised in one
coupling step from the corresponding commercially available piperazine and carboxylic

acid. The structures and yields for these products are sholabie 3.5.
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HO (0]

(1)

Compound Structure Yield (%)
6 F3C | XN 63
F
N/\
(Ao
o) =
W/
7 F3C | XN 70
G
N/\
Cl k/N 0
o) =
W/

Table 3.5:Structuresand yields (%) of compoundsand?, (i) HOBt, TBTU,
NEt, DMF, N, rt, overnight
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3.2.2.3Synthesis of compound6

An alcohol group was introduced into the alkyl chain by reduction of the keto group in
5 (Scheme 3.3). NaBH; was used as the reducing ag&hand66 was produced in an
81% vyield.

o = HO =
5 S/ 66 S/

Scheme 3.31Synthesis 066, (i) NaBH;, MeOH, 50 °C, overnight, 81%.

The introduction of an alcohol group into the alkyl chain was evident from the IR
spectrum with a peak at 3383 ¢ncharacteristic of a secondary alcohtit NMR
spectroscop confirmed the reduction was successfile to the presence of theHC
signal as a multiplet ranging from 5i@04 ppm and integrating for one proton. The
chemical shift of this proton is indicative of a proton adjacent to an electronic
withdrawing grop such as an oxygen atom. The ol shift of thecarbonatom
resonatingat 68.6 ppmwas suggestivef a carbon next to an electron withdrawing
oxygen atom. HSQC experiments confirmed the correlation between the

aforementioned proton and carbon.

3.2.2.4Synthess of compound67

In the first attempt to synthesise67, methyl piperazine and -dhloro4-
(trifluoromethyl)benzene were heated at reflux in toluene for 24 h@atseme 3.32

()) Only starting materials were recovered and hence different conditions were
subsequently employeds¢heme3.32. The reagents were heated at reflux in DMF but
the use of a higher bimg solvent did not have anyffect and again starting materials
were recoveredScheme 3.32(ii)). MW irradiation was employed and the two reagents
were heated at 200 °C (300W). TheA® was successful althoughe yield was low
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and puritypoor (Scheme 3.32(iii))). Finally, an alternative approach was employed

which did not involve the synthesis ®F via a SUAr.

The arylpiperazin@3 was methylatedising an excess of formic acid and formaldehyde.
This reductive amination, known as an Eschwdlliarke reaction, involves the
reduction of the formed imine by a formate ani®th{eme3.32 (iv)). The methylated
piperazine67 was isolated in 72% yield dnits presence wasupportedby *H NMR
spectroscopy. A singlet resonating at 2.32 ppm and integrating for three protons is
indicative of a methyl group adjacent to an electron withdrawing nitrogerMBRlso

supportedhe formation o67.

Cl
l (iii)

FBCQ FsC
o O \©\ )

~

Scheme3.32 Retrosynthetic route and attempted synthek&, (i) Toluene, reflux,
24 hrs (i) DMF, reflux, 24 hrs (iii) NMP, MW (300 W), 200 °C, 20 mins, 9% (iv)
formaldehyde, formic acid, EtOH, reflux, 3 hrs, 72%.
3.2.2.5Synthesis of compand 70

Given the role of amide bonds in biological systems, it was necessary to investigate the

importance of the amide bond @dmpound for glucose uptake assay. As sutthwas
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designed and synthesised as it differed frdnonly in the absence of the aima
carbonyl. The synthetic route, outlinedScheme 3.33involved the reduction of-&-
thienyl)butyric acid to 4thiophen2-yl)butanl-ol (77), using lithium aluminium
hydride!!® The desired wbstitution of the alcohd8, with compound33, first required
the conversion of the alcohol anta betterleaving group. In this case, the alcohol was

converted into thenethansulfonate derivative69) usingmethanesulfonyl chloride.

Q
~0
0 -3
HO 0
HO
reduction mesylation
—_— —_—
S S S
68 69

nucleophilic

F30\©\
N
33 k/ NH | substitution
F3C\©\
N/ﬁ

K/N

70
=

W/
Scheme 3.33Synthetic route for the synthesis of compowid
The mesylation meamnism involves the elimination of HCI from the sulfonyl chloride
(71) to give the sulfene7@) (Scheme 3.3% This is followed by attack o688 on the
electrophilic sulphuby to give69.1%°
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0]
O/
(71) \/SH<H O%s//o . O%ﬁé(éz)
Cl H —» —
H &Y SOWR
( H HQ S
:NEt, 68)
+H-H*
)
8 /\/\/E\>
/ o S
(69)

Scheme 3.34Formation of69 and the rechanism for the mesylation of attohol*?°

The heating of compound33 and 69 in refluxing acetoniite, in the presence of
NaxCOs, gave derivative’0in a 91% yield cheme3.35. The absencef the carbonyl
group wassupported byhe*H NMR spectrunmwith the presence of the additional £H
peak resonating at 2.86 ppm, witlt@upling constant value of 7.2 Hz and integrating
for two protons. The chemical shift, the size of the coupling constant and the
multiplicity are allsuggestiveof the presence of a methylene group adjaceriidih an
electron withdrawing substient, suctas a nitrogen aethylene group. The absence of
the carbonyl group in the IR and th® NMR spectrum was clear, while the presence
of the peak at 29.7 ppm in tHdC NMR spectrumsupportedthe presence of the
methylene group. The peak at 29.7 ppm was alserved out of phase in the DEPT135

experiment confirming it was due to a £H

Scheme 3.35Synthesis o0, (i) N&eCOs, CHsCN, reflux, 24 hrs, 91%.
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3.2.2.6Synthesis of compound’3

Compound73 was synthesised in order repdathe electron withdrawing GFRyroup

with an electron donating amino group. The first attempt at the synthesis of this
derivative involved theuse of thecoupling reagents HOBt an TBTU to couple the
arylpiperazine 4piperazinl-yl)aniline with 4-(2-thieny)butyric acid. Due to the
presence of the aniline functional group, a complex mixture was obtainetBamals
isolated in only 10% yield. An alternative approach was taken which employed the
reduction of42 using the platinum oxide catalyst, known as Adaoatalyst, in a
hydrogen atmosphere. This gave rise to the formatiof8af an isolated of 57% vyield
(Schemes.36).

42 73

S/ S/

Scheme3.36 Synthesis o3, (i) PtQ;, H2, MeOH, rt, overnight, 57%.

3.2.2.7Synthesis of functionalizd thiophene derivatives

Due to the ability of thiophene heterocycles to undergo electrophilic aromatic
substitutions, it wasnaybe considereg@ossible to substitute the C2 position of the
thiophene ring found inhe amide4. N-Bromosucinimide was used tarominate4,
however a complex mixture was obtaihpossibly due to unwanted bromination of the
trifluoromethylphenyl group. An alternative strategy was needled methyl ester4
was treated with the brominating reagent, resulting in the selective riathom at the
C2 position of the thiophene ringfheradicalmechanismdr this bromination is shown
in Scheme3.37. This gave the brominated derivativé which was hydrolysed to the
carboxylic acid derivativg6 using base catalysed ester hydrolySisheme 3.33. The
carboxylic acid76 was then coupled tothe piperazine33 using HOBt and TBTU
(Scheme 338). Compound77 was isolated in a 55% yieldH NMR spectroscopy
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supportedthe synthesis othe amide77 with two doublets, both integrating for one
proton, resonating at 6.84 and 6.56 ppm. The chemical shift and the multiplicity indicate
that these peaks are due to the presence of the aromatic thiophene protons. The size of
the coupling constand, = 3.3 Hz, may be explained due to the presence of toaaie
withdrawing bromine at C5. The presence of this electron withdrawing group can
remove electron density from the thiophene ringhich may weaken the
communication between the two aromatic protons therefore resulting in the observed
small coupling costant of 3.3 Hz. The peak at 652 ¢rim the IR spectrunis also

indicative of a GBr bond.

(6] O O/
N—=Br NG Br'/\'
o) HOS
Bre
+ Q /
(0} (6] o/
Q). Br
| \ Br
B’ S < \‘////—\l 3\ + HBr
75

Scheme3.37 Mechanism for the bromination of compouris
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74 75 Br 76 Br

-
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K/N O

77
=

s/
Br
Scheme 3.38Synthesis of7, (i) THF, 0 °Grt, 4 hrs, 80% (ii) KOH, EtOH, 3 hrs, 35%

(i) HOBt, TBTU, NEt;, DMF, Nz, overnight, 55%.

The amide77 was then used to further functionalise the thiophene ring. The palladium
catalysed Suzuki reaction generated compoidiom 77 and trifluoroméhylphenyl

boronic acid in an 82% yield&¢heme3.39.

85



Chapter 3 Synthesis of compoundsand itsderivatives 4-81

5

F4C A
FsC FsC \©\
\@\ 1 N/\
o
- N O
N/ﬁ B

k/N o) %

77 = 78

. / 17

Br

Scheme 3.39Palladium catalysed synthesis#d, (i) Pd(PPB)4, N&COs, THF, N,
reflux, 6 hrs, 82%.

As H14, H17 and H15, H16 have similar chemical shifts, the obdesplitting

followed a second order splitting patteffigure 3.5). This occurred as the difference

bet ween the chemical shifts oJvatlhue ,t wa tpph
equal to 15 Hz and equal to 8.6 Hz. This phenomenon allowed for the differentiation
between the aromatic protons of the two differgifluoromethyl phenyl groups as the
splitting observed for H1, H5 and H2, H4 followed a first order splitting pattern, with a

el equal t o Jdvalie.o88.7Hiz. It avasdthermapossible to differentiate
between the protons in th@rtho and meta positions of both trifluoromethyl phenyl

groups due to the splitting pattern observed intBeNMR spectrum resulting from the

CRs group and combiing this with a HSQC spectrum.

(=
[=r =]
T

T T T T T T T | T T T T T T
7.6 7.4 [ppm] 7.0 6.8 [ppm]

Figure 3.5 Expansion of two distinct regions of theé NMR specatum of 78in CDCl.
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3.2.2.8Synthesis of compound9 and 81

The arylpiperazing83 and azelaic acid were used in the synthesis of the biologically
active compound’9 (Scheme 3.4) HOBt and TBTU were used to form the amide
bond with 79 produced in a 30% yield. Bhobserved low yield was due to the

formation of the disubstituted produ80, which was isolated by flash chromatography.
0 o)
(\NWOH
o
+
0
N
g

79

Scheme 3.40Formation of79and 80, (i) 2 eq of carboxylic acid, 1 eq 88, HOB,
TBTU, NEt;, DMF, Ny, rt, 5 hrs,79 (30%),80 (63%).

.,

80 3

Due to the high biological activity of9 large amounts were required for subsequent
biological testing. As a resulit was necessary to optimisis synthesisTo avoid the
disubstitution, the methyl ester, monoimgdt azelate, was coupled t83 using an
alternative  benzotriazole, benzotriazoll-yloxytris(dimethylaminojphosphonium
hexafluorophosphate (BOP$¢heme 3.4L The methyl ester produdd?2, which was
also highly active in the glucose uptake assay, wastesblin a 98% yield. The
presence 081 was supportedoy HR-MS, *H NMR and**C NMR spectroscopy. The
presence of the singlet, integrating for three protons, at 3.66 ppm itHtINMR
spectrum indicated the methyl ester peak. 2D HSQC experingmggestedthe
presence of the methyl ester carbon at 54.4 ppm il*€h&IMR. The!*C NMR further
supportedhe synthesis of the product with the quartets resonating at 126.4pp&3
Hz), 124.5 ppmJ = 269.7 Hz) and 121.2 ppnd € 32.8 Hz) indicating the preses of
the trifluoromethyl phenyl group. The ester was converted to the carboxyliosziacid
base catalysed ester hydrolysis to gi¥@ in an 80% yield $cheme 3.4L The
hydrolysis of the ester was evident from thé NMR and the'3C NMR spectrum
where thepeaks at 3.66 ppm and 54.4 ppm were no longer observed. The broad singlet
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resonating at 10.30 ppm in tHd NMR spectrumis also characteristic of the carboxylic

acid-OH peak. HRMS alsosupportedhe presence af9.

F3C

L0 O

O N (0]
0 I () R K/
—_—
5 (i)
OH 79
o)
OH

Scheme 3.41 Synthesis o79and81, (i) BOP, NEg, DCM, Ng, rt, overnight, 98% (ii)
KOH, EtOH, reflux, 4 hrs, 80%.

o
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3.3 Conclusion

Amide bond formation was the key final step in the synthesis of the compodrathd

the derivativesof these compunds The coupling reagents HOBt and TBTU were used

in most cases with the amide product generally isolated in acceptable ydklge
number of target compounds were synthesised and made available for biological

evaluations.

The synthesis of a numbef arylpiperazines, required to investigate the importance of
this functional group, involved the use of a number of diffesmthetic methods.
Metal catalysed reactions were used in some caseMW assisted \@\r gave access
to the same arylpiperaziseén an improved yield and reduced reaction time. From the

synthesis of arylpiperazines, it was clear that:

T MW synthesis was useful to access arylpiperazines containing electron

withdrawing groups,

1 The cyclocondensation approach was useful to accesspamdpines that did

not contain an electro withdrawing group,

1 MW conditions improved yields and reduced reaction times.
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4.Synthesis of compoun@® and its
derivatives 92 and 104122and
compound3 and its derivatives,
138144
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4.1 Introduction

The pyrazole motif is found in a diverse array of biologically active molecules ranging
from antimicrobials and anthflammatories to compounds with analgesic activitfés.

The agrochemical industry also avails of the activity luk theterocycle with the
pesticidescyanopyrafen and tebufenpyrédth bearing pyrazole functionalitié&:'?
Whether it is present as the core scaffold or simply as a pendant functionality, the
pyrazole heterocycle is an extensively used functional group in medicinal chemistry.
For example, a number of blockbuster drugs, such as celabdexagra, boast the use

of this aromatic moietyRjgure 4.1).12412
® (b)

N

CF, \s/

N. #

~ /
O °
(@)
A\Y
S

HoNT N
2 o}

Figure 4.1.Structures of the pyrazole containi(a) celebrex andb) viagra.1?412°

4.1.1 Synthesis of pyrazoles fronl,3-diketones

Owing to the medicinal importance of this heterocycle, much atteh&s been given

to the development of methods that give access to a variety of substituted derivatives.
The most common and efficient route exploits the use ofdik@&ones and
hydrazines?® This cyclocondensation reaction allows for the synthesis of a variety of
substituted pyrazoles as the nature of the pyrazole substituent can be simply changed
through altering the 1;8iketone or hydrazine employed.

The gaeral procedure for the synthesis of pyrazoles from these two reactants involves
heating the 1 8liketone in a suitable organic solvent, at reflux, in the presence of the
hydrazine Synthesis of the 1,8iketone from either acid chlorides ketones, in th
presence of a strong base, is often required making the pyrazole synthesisteptwo
process. Howevekleller et al reported a onpot synthesis of a number of 3,4dénd

N-substituted pyrazol€€® The initial preparation of 1.&liketonesin situ from acid
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chlorides and a lithium enolatkefore the substituted hydrazine was added to ¢iee t

desired pyrazole prodyatith yieldsin the range ofi3% to 89% $cheme 4.1

3

OLi R

0 Q Q R*NHNH, R2
> —_— >

R + J]\ R MR3 | A\ N

R? R3” ~cI ) 1 N

R R \

R4

Yields: 43-89%
Scheme 4.1The synthesis of substituted pyrazolé&s.

4.1.1.1Synthesis of pyrazoles using 1;8iketones: Solventfree approach

Recently this method of mthesising substituted pyrazoleas evolved beyond the use

of organic solvents. igr eener 6 approach involves th
diketones with solid hydrazinium carboxylate, where the grinding of the reactants
accelerates the chemical proc&dsThe use of the solid zwitterionic hydrazinium
carboxylate avoids the use of solvents and the toxic liqudtazyne, allowing the

formation of pyrazoles at relatively moderate temperatures (7&2C).

Hydrazinium carboxylate is synthesised as a solid crystalline material from hydrazine
and supercritical carbon dioxid&. The solid hydrazinium carboxylate and the-1,3
diketone are ground in air, causing ttecompositiorof the hydrazinium carboxylate to
reveal an anhydrous source of hyng. The mixture is then placed in a vial for a
suitable period of time and at an appropriate temperature. This results in the formation
of the pyrazole compound in high yields (> 96%) and excellent selecf¥itge et al
synthesised a number of substituted pyrazoles, such asti@@ethyl1H-pyrazole

using this metho@Scheme 4.2128

V

N

0]
®
H3N\ )]\@ .
NTo )

Iz

Hydrazinium carboxylate

Scheme 4.2Synthesis of 3,4&imethy-1H-pyrazole, (i) 70 °C, &rs, 96%-8
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3,4,5Trimethyl1H-pyrazole was synthesised by heating either a neat solution of
hydrazine hydrate and-@ethylpentan&,4-dione at 70 °C for two hours or in THF at
reflux for two hours. Both of these methods culminated in a reduced yield, with the
pyrazole isolated in a 77% vyield for the neat solution and a 90% yield when heated at
reflux in THF. Unknown side products were also observed resulting in a need for a
purification step, which was not necessary when hydrazinium carboxylate was used.
The efficiency of the solid state approach was claimed to be due to the anhydrous
hydrazine thatvas produced when the hydrazinium carboxylate subliff@he lack of

water present in the hyalzine produced from the hydrazinium carboxylate was said to

prevent the formation of side products, as seen with the other two approaches.

4.1.1.2Substituted 1,3diketones

Substituting 1,3 i k e t 0o n e-sarb@ntcan tgikeeacceks to a variety of carbonyl
contaning pyrazole derivatives. This approach involves synthesising highly active
enaminone intermediaé&om dicarbonyls and formamide acetals. This is then followed

by a reaction with substituted hydrazines giving the carbonyl containing pyrazole

(Scheme 4.3 . This approach <can al &etoesters ané xt e 1

malonates, showing the diversity of dicarbonyls that can be explét&hrboxylic
acid containing derivatives can then be obtained from the ester derivatives through

hydrolysis.
o
o o \O)\N/ o o R -NH2 Q
RMR I R)‘\f‘\R _f o R | \/N
N7 R N
| R
R = Alkyl or O-Alkyl Enaminone

Scheme 4.3Synthesis of enaminones frontarbonyl compoundand reactiono give

pyrazolest?®

41.1.3Us e -sulbsitued ketones

While 1,3diketones and substituted dd&ketones allow for the synthesis of a variety of
substituted p ykew@nitrdes and hytrdwiees allows foottie preparation
of a number of Eaminopyrazole derivativeé$’ T h e n at u rketoniwilé can bee b
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modified with relative easea variation of the ketoester from which it is derived. This
allows access to an array of substituteanfinopyrazoles® In addition, Bagelyet al.
reported the synthesis of these aminopyrazoles in methanol at 120 °C using MW
irradiation, giving substituted-&minopyrazoles in excellent yields (> 80%) after forty

minutes!°

4.1.2 Synthesis of pyrazoles using a 1;8ipolar cycloaddition

Copper mediated Huisgen 1¢§cloaddition has been extensively reported fog th
formation of 1,2,3riazoles andhis approach caalsobe applied to the forntian of
alternative nitrogen containing five membered heterocyéledanamoto described a
copper free synthesis of substituted pyrazoles usingcytl®additions where the
addition of the 1,23lipole, azidomethane, to the dipolarophile, tributyl(3,3,3
trifluoroprop-1-yn-1-yl)stannane, resulted in the substituted pyraz8@,(Scheme

4.4). 3! Furthermore, the metal catalysed cross couplingioeaof 82 with a variety of
halogenated reactants gave access to a number of substituted pyrazoles. For example,

the substituted pyrazol83, was isolated in an impressive 81% yield.

NO: F4C
o N /©/ N
- FsC
SnBu3 H2C 8 \ | I /N

F3C (1) Bu,Sn ” (i)

\
|
|

82 83

Scheme 4.4Pyrazole synthesiga 1,3-cycloaddition followed by metal catalysed
substitution, (i) B0, 0 °C, 1.5 hrs, 70% (ii) Pd(PBk LiCl, CuTC, DMSO, 81943

While the Hanamoto approach, described above, required a metal catalysed step to
introduce functional diversity, Aggarwat al reported a metal free approach where by

the functional diversity wasiroduced by first derivitizing the 1dpole and/or the
dipolarophile!®*'3? Functionaldiazo 1,3dipoles weregeneratedn situ, avoiding the
handling of the toxic and potentially explosive matelfalThe ondensation of
tosylhydrazine withaldehyds followed by treatment with aqueous sodium hydroxide
gave a solutiomf a tosylhydrazone sodium salt. Heating of the tosylhydrazone at 50 °C

generated the diazo compoundsitu. Addition of the alkyne followed by heating at 50
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°C allowed for the generation of a number of derivatized pyrazoles in good yields (24
67%) and wih good selectivity$cheme 4.5%?

®
Na o
e RSN
HN o o : J (iii) ©
\ 1
577, J\ (”) , o) . ” (r?l’/N
o R’ H (i) &
. /
(iv) Rz//
R1
[
/
r” N

Scheme 4.5Synthesis of 3Alisubstituted pyrazoles, (i) GBN, rt, 3 hrs (i) 5 M
agqueous NaOH, rt, 20 mins (iii) 50 °C (iv) 50 °C, 48 hrs62%01%

4.1.3 Metal catalysed pyrazole syntlesis

Work published by Martiret al. provided an insight into the formation of pyrazolés
copper mediated processé&This consisted of an initial copper catalysed amnthaof

a haloenyne, by a Boc protected hydrazine, followed by an intramolecular
hydroamidation. A subsequent deprotection step, involving the use of trifluoroacetic
acid provided the free pyrazslproduct in excellent yields. By varying the nature of the
hydrazine as well as the substitution pattern on the haloenyne, a high level of

derivitization was achieve&theme 4.5

H
1 Boc N R3
R I > H ~ “Boc R2 H
S () (i) B N
R3 R N

Scheme 4.6Copper catalysed pyrazole formation, (i) Cul (5 mol%), L (20 mol%),
CsCOs, THF, 80 °C 6-16 hrs (i) TFA, DCM, rtt*3
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Transition metals can also be used to genéadeylated pyrazoles with the previously
described palladium catalysed Buchwaldrtwig aminaibn or variations of the copper

mediated Ulimann reaction commonly ugétt5136

4.1.4 Regioselectivity

The synthesis of pyrazoles can be somewhat challenging due to the difficulties in
controlling the regioselectivity. If the two electrophilkites have similar electronic
properties or if the hydrazennitrogen atoms have similar nucleophilicities, a mixture of
regioisomers can occtit’ One such example is the synthesisNsmethylpyrazoles.
When Oliveraet al attempted the synthesis 4Q(2-bromo4,5dimethoxyphenyhl-
methyt1H-pyrazole from the enaminoketon84, an almost 50:50 mixture of
regioisomers85 and 86 was obtained®’ This was due to the similar reactivities of the
hydrazine nitrogen atont€813%140 The influence that the hydrazmmolecule has on
regioselectivity is further exemplified in the useNsphenylhydrazine, which was used

to synthesise the pyrazol7. This resulted in the isolation of only a singke
substituted isomerScheme 4.Y. This was due to the differences hetreactiities of

the hydrazine nitrogen at@anwith the nitrogeratom bound to the aromatic ring less
nucleophilic due to the delocalisation of its lone pair of electrons into the aromatic ring.
Other factors that can affect regioselectivity include $iteric interactions of the
substituents on the reactants and the pyrazole tautoméfisWhen Olivera reacted

the enaminoketon®4 with hydrazine, this afforded a mixture of the pyrazole tautomers
88 and89.1%*" The similar reactivities observed for the two nitrogen atoms allowed either

nitrogenatomto attack either of the elecphilic sites!®’
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MeO
O Br MeO
Br
MeO MeO O
e
B =
N
MeO —
© O N S Meo ~ AH
H N
MeO Br O
MeO Br
88 89
NH,NH,
MeO
O Br MeO Br
MeO O
yd
PhNHNH, HCI MeO

/\N<—

MeNHNH,

MeO O Br MeO Br
MeO N O

\ N MeO = N—
/ /
N \N
MeO \ T wMmeo
Br O Br
MeO MeO
85 86

55:45, 85:86 mixture of regioisomers

Scheme 4.7Regioselectivity during pyrazole synthe§is.
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4.2 Synthesis of derivatives oEompound 2

Synthesis ofderivatives ofcompound2 involved theconstruction of the pyrimidone
scaf fol d f r «etoesters bral Bmirto pyraeotes. Bhis methodology required
heating the two starting matdsaat reflux in acetic acid for the appropriate amount of
time. Introduction of various substituentd the C2 positioninvolved the use of an
amino pyrazole with the desired substituent in thpoS8ition of the heterocycle.
Similarly, introduction of various substituents at the C7 position invotieduse of an
appr opketoestereas shown Bcheme 4.8The mechanism for the formatiari

the pyrimidinone product is shown 8theme 4.9

R2
[N
/
o HNT N
N )
fl\'\‘ M2 _R2 — +
=
R'5°N 3
A O ©

Scheme 4.8Retroynthesis ofderivatives ocompound (i) HOAc, reflux, 4 hrs.

R%I\/lcl)\o/\ R! OHZO) >

S
HN (g/\ {0
+H+ L/ H N
NH —_— — -~
2 _H+ / NH \ R2
Hl}l N\ U HO N SN
N 5 N R! H
R? h
(0] (0]
N N\ 'Hzo ’\‘ O N’N\
2 -—————— H - 2
| <~ N’N\ 2 H )%)_R
R1 @ /‘\>_R ! N
H H2 = R H
RN H*

Scheme 4.9Mehanismfor the formation of the pyrimidinone scaffold.
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A number of derivatives of compourdwere synthesised to investigate the effect that
altering the substituents at various positions would have on biological activity. In order
to produce these analogues, fivet had to synthesise the appropriate substituted amino
pyr azol eetaested ih severalicases. Once synthesised, the pyrimidone structure
was constructed as before by refluxing the two reagents in acetic acithefor
appropriate amount of timelrhe following section discussabe synthesis of these

building blocks.

4.2.1 Synthesis ofamino pyrazolebuilding blocks for derivatizing compound 2 at

the C2 position

4.2.1.1Synthesis of compoun®1

The first derivative of interestequired replacement dhe tert-butyl group at the C2
position with a hydsgen, thus 1H-pyrazol5-amine was required. The proposed
retrasynthetic route for the preparation of this derivati98) (is outlined inScheme
4.10 This involved the synthesis of the substituted nit@Ig, which would be used to
prepare H-pyrazol5-amine Q1). The previously mentioned condensatioaaction

conditions would then be used to synthesise the functionalised pyrini@one

o)
| NN . . o o
FaC N | N 3 RS
H :\/ HoN H +
CF
CF3 92 91 °
o)
)k/CN
HO
N
+ & AN NN NH,NH,
o
90
\O)\N/

Scheme 4.10Retrosynthesisf compound®2.
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The synthesis of the aminopyrazdé first required the synthesis of the precurdey (
3-(dimethylamino)acrylonitrile  90) (Scheme 4.11 The condensation of
dimethylformamide dimethyl acetal and cyanoacetic acid e 87% yield. The
presence of the pdoict wassupported byhe 'H NMR spectrum with the two doublets
resonating 6.88 ppm and 3.61 ppm indicative of the two alkene protons. The coupling
constant J = 13.5 Hz) between the two protons indicated the predominance & the
iIsomer. This large couplg constant is characteristic oft@ns product as the €1
bonds are 180° to each oth&tThis value would have been larger only for the presence
of the electronic withdrawing nitrile which withdraws electrons from thel Gond
weakening through bond communicatidgfsCompound90 was also verified by HR
MS, where the [M + H]ion of mass 97.0763 m/z was found.

Once synthesised, the substituted nitrile was reacted with hydrazine monaohysirage

the method reported by Cumy al** This method involved heating0 and hydrazine

monohydrate at 110 SClor 2 days in an EtOH/HO solution. The desired amino
pyrazole 91, was obtained, albeit in a 25% yielBcheme 4.1}

|
NH,NH, H,0 N
\)\/—>, ANy — LN
(i) HN-
90 91
Scheme 4.11Synthesis 000and91, (i) 1,4 dioxane, reflux, 2 hrs, 87% (ii) EtOH,

H20, 110 °C, 2 days, 25%.

We were keen to improve the yieland reduce the reaction tigmend a search of the
literature found a report bBagleyet al using MW irradiation. This synthetic route
i nvol ved t-ketonitries and substituted hydrazines for the synthesis of

substituted amino pyrazoleS¢heme 4.1p*%°

R
0 NH,NH, H,0 N

J o g,
R () HNT N

Scheme 4.2: MW assisted synthestd 3-substituted amino pyrazolé®’
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For this reasor3-oxopropanenitrile was preparadsitu from 3,3diethoxypopionitrile
using standard acetal deprotection ctinds, as was reported by Yiet al andEl-
Araby et al (Scheme 4.182'%3 The substituted nitrile was reacted with hydrazine
monohydrate using the MW conditions described by Bagtegl!*° Unfortunately, a

complex mixture was observed and-pyrazot5-amine was not isolated.

L . (i1)

o (i) Q
NC\)\O/\—> HJ\/CN —X—

| \

H.NT N

Scheme 4.13Synthesis of ®xopropanenitrile, (i) TFA, kD, 6 hrs, 5 °C (ii)
NH2.NH2.H.O MeOH, MW, D0 W, 40 mins, 120 °C.

The previous attempt to synthesisl-pyrazot5-amine involved the use @0 and
conventional heating conditions. We wondered if the conditions reported by Bzgley

al. could be used in the preparation dfi-fiyrazd-5-amine®® The nitrile 90 and
hydrazine monohydrate were again reacted, however, this time they were heated in
MeOH at 120 °C for forty minutes at 300 W. This method allowedHe isolation of
1H-pyrazot5-amine 01) in an 80% yield and provided a facile, efficient and novel
synthetic route to H-pyrazots5-amine from E)-3-(dimethylamino)acrylonitrile
(Scheme 4.1%

| NH,NH, H,0 \
/N\/\CN —> | /N
(@) H,NT N
90 91

Scheme 4.14Synthesiof 91 (i) MeOH, MW, 120 °C, 300 W, 40 mins, 80%.

4.2.1.2Synthesis of compound93and 96

The intraluction of aromatic substitueat the C2 position required the synthesis of
amino pyrazoles containing the appropriate aromatic substitution afpibsit®n of tre
pyrazole heterocycle. The microwave assisted synthesis of substituted amino pyrazoles
reported by Baglewt al proved to be a highly effective method for synthesisirey
pyrazole 91.1%° As such, the same methodology was applied to the synthesis of
pyrazole93 (Scheme 4.1pand96 (Scheme 4.1%
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A simple phenyl group was introduced at the C3 positdro3. The substituted
pyrazole 93 was synthesised from -8xo-3-phenylpropanetrile and hydrazine

monohydrategcheme 4.1h

NH,NH, H,0
—_—

(1)

93

Scheme 4.15Synthesis opyrazole93, (i) MeOH,MW, 300 W, 40 mins, 120 °C, 75%.

Heterocycles can have positive effects on the biological efficacy of a compound. The
heter@atom can become involved in hydrogen bonding and the presence of p orbitals
can stabilise the drug:protein interaction through pi stadkinfo synthesise the
necessary amino pyrazoley(tBiophen2-yl)-1H-pyrazot5-amine Q6), via the method

by Bagleyet al,, we first needed to synthesisen eketdnitrile 95 (Scheme 4.15%°

N

N

H
N
/ O
S OH (1) N (ii) S CN
94 95

NH,NH, H0 | (iif)

96
Scheme 4.16Synthesis opyrazole96, (i) DMAP, DCC, EtOAc, 0 °@t, overnight,

99% (ii) nBuLi, THF,-78 °C, 3 hrs, 70% (iiiMeOH, MW, 300 W, 40 mins, 120 °C,
55%
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Chapter 3saw the use of coupling reagents to increase the activity of a carboxylic acid
by generating an activated esitersitu. These activated esters are generally not isolated
as they are lghly reactive. The synthesis 85 required the activation of thiophei2e
carboxylic acid and this was achieved throutghreactionwith benzotriazole in the
presence of DMAP and DCC. In this case the reactivity of the carbonyl carbon was
increased by thdormation of the benzotriazole derivativ@d. Unlike previously
mentioned activated species, it was possible to isolate this benzotriazole in an excellent
yield of 99%. Compoun@4 was not susceptible to hydrolysis by atmospheric water and

therefore wassiolated and used without the need for anhydrous conditions.

To pr od wketanitrile 9b,dhe method reported gatritzky et al, involving the
use ofn-BuLi and acetonitrile at78 °C, was employed?* This involved then-BulLi
mediated depotonation of doaitrile followed by its reaction with compoun@4.
Compound5 was formed in a 70% yield and was subsequently reacted with hydrazine

monohydrate using the conditions inspired by Baglegl.**°

Nenaidenkeet al previously reported the synthesisQ@ from trichloroacetonitrile and
hydrazine monohydrate using conventional heating, with the amino pyrazole reported to
be isolated in a 53% yield after four hodf$The use of MW irradiation to synthesise

96 from 95 and hydrazine monohydrate represents a novel and efficient method for
synthesising the amino @zole in a shorter reaction time without any reduction in
yield.

4.2.2 Synthesis ofb-ketoesterbuilding blocks for derivatizing compound 2 at the
C5 position.

To investigate the i mportance of t he su
ketoester building blocks were required. A number of methodologies were used to

synthesize thedauilding blocksand this will bediscussed in the following sections.

4.2.2.1Synthesis of compoun®8

4.2.2.1.1 Acetal deprotection

Substitution of the bis(trifluoromethylpheny) the C5 positiomgroup first required the
synthesis of the appropriate precursors. For @@nto replace the aryl motif with a

hydrogen atom, it was first necessary to synthesise comp®idndhe synthetic
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approach involved the deprotection of the acetal, ethydi@®oxypropanoate, using
standard acetal deprotection conditioas describedy Lu et al*®¢ The characteristic
aldehydic peak, which resonated at 9.81 ppm, was present iordde *H NMR
spectrum however97 was not isolated. Edvinssat al suggested that formyl acetic
esters can be thermally unstable leading to decompoéititmaddition, Sato reported
the polymerization 087 at room temperaturé® For these reasons, compou@iiwas
generatedn situ and reacted directly with-i3o-propyt1H-pyrazot5-amine Gcheme
4.17). However, this method did noteyd the desiredlerivative of compoun@ with a

complex mixture being obtained. Therefore an alternative synthetic approach was taken.

§ L g
o) o) o) o) HoN N EI\N/N\
(i)
/\O)\/U\O/\ HMO/\ +> | N =
(ii) H
97 98

Scheme 4.17Preparation 098 from 97, (i) TFA, DCM, HO, rt, 5 hrs (ii) HOA,
reflux, no product isolated.

4.2.2.1.2 Synthesis of compound 97 from 2,2-dimethyl-1,3-dioxane-4,6-dione

(Mel drumbds aci d)

The use of Mel d-knowndnethod mird tihse g r-iepdsteraat i on
(Scheme 418. Thi s met hod r el -pretans alowing fdr simpkec i d i -
alkylation at this position. Once alkylated, the desired ketoester can be obtained through

a ring opening step by heating the substte d Me |l dr umdés aci d i n a
The nature of the ester substituent is determined by the type of alcohol used, while the
subst it uearbon determined the nbkure of the ketone functionagithéme

4.18. According to Sateet al, mnce heated t he f orketoedter on O
from the substitut ed viMwd differentmieshanesing; eithec a n

by in situformation of a ketene or through alcoholy$f.
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Meldrum's acid

Scheme 4.18Retroy nt hesi s of ketoesters fro

The use of Meldrumbés acid can also be ad
eders!*’ To synthesizé@7 using this method, it was first necessary to synthesis formyl
Mel dr um8&®Scteme 4dlp ( To i ntroduce -&arbbnalyl'my | g
carbonyldiimidazole (CDI) was used to activédemic acidin the presence of DMAP

and pyridine. This approach was developed from the mgthmubsed by Dollest al
which saw the introduct-canbordi afmn M®ledrun
Various reports detailed the isolation ofsthi ac et y | Mel drumds aci d
yields1°0152152 However, this approach did not prove effectivetfar synthesis 7. It

was not possible to i 99 Hua toghe Eomplaxity lof thele | d r
reaction mixture. Also, when the reaction was mixture carried forwasitdout any

further purification and heated at reflux in the presence oHE®complex mixture

was still observed with théH NMR void of any characteristic peaks fé7. The

absence 097 may have been due to its instabilis described by Sato and Edvinsson,

or due to the volatility of formic acid#84

HO
I ol I ol b o o
O O x >

99 97

Scheme 4.19Synthesis of compour@b, (i) CDI, DMAP, DCC, DCM, N, rt,

overnight, product not isolated (iix@H, reflux, 5 hrs, product not isolated.

An alternative approach for the synthes
needed. Again, the literature directed our search towards an appropriate method
involving the use of triethyl orthoformate. Here tlmndensation of triethyl
orthoformate with Mel dr 100guantitaticely.dH NMRO v i d €
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spectroscopysupportedthe formation of the product with the presence of the alkenyl
proton at 8.23 ppm. The quartet and triplet resonating at 4.42 pgni@36 ppm,
integrating for two and three protons respectively, with a coupling constant value of 7.0
Hz, is indicative to the presence of an ethylene group. Acid catalyzed hydroly€i8 of
then afforded t he nec &%isanrageptdble yielgdhemde | d r
4.20. This was confirmed byH NMR spectroscopy, where the ethyl group, observed

in the'H NMR spectrum forl00, was no longer present. The alkene proton was still
present at 8.64 ppm and a broad singlet, corresponding to theqareseghe hydroxyl

group, resonated at 8.20 ppm. This product was not subsequently used in the synthesis

of compound98 due to the success of an alternative metfmdthe synthesis of

compoundd8.
Lo \o HO
0 o /\O)\O/\ OﬁJYO . 0 | 0]
W (ii)
0] o] (i) O O o] o)
e A e
100 99

Scheme 4.20Synthesis b99and100, (i) 85 °C, quantitative (i) 2 M aqueous HCI, 2
hrs, 50%.

4.2.2.1.3 Use of the sodium salt of compoun@7 in the synthesis 008

During the course of t he Mkahedusly trying to ac i d
synthesize98 using a different methodS¢henme 4.2). This alternative approach,
described by Senget al, involved the synthesis of the enol tautomer9@f as the

sodium salt> The method consisted of heating a suspension of EtOAc, ethyl formate
and elemental sodium at 27 °C under an inert atmosphere. From this, the sddafm sa

97 was generatedn situ and reacted immediately with-i8o-propyt1H-pyrazots-

amine. The preparation 87 as the sodium salt possibly prevented the polymerization

of the product, a problem suggested by S#tcThis allowed for the subsequent
synthesis and isolation &8 in an adequate yieldSEcheme 4.2 The two doublets,

resonating at 7.80 ppm and 5.63 ppm in #HeNMR spectrum, both with an integral
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value of one and both with a coupling constant oD Hg, is highly indicative to the
presence of the alkene protons of the pro@&ctThe doublet resonating at 1.24 ppm,
integrating for six protons verifies the presenaf theiso-propyl. IR spectroscopy
confirmed the formation of the amide bondth the presence of the carbonyl signal at

1675 cm'. Elemental analysis alssupportedthe presence of thislerivative of

compound2.
| N 0
A N
— | A —
Bt . S| — P
o () H 0 (ii) NS
H
sodium salt of 97 98

Scheme4.21: Synthesis 088 from the sodium salt &7 (i) Na, 27 °C, 12 hrs (ii)
EtOH, reflux, 5 hrs, 15%.

A viable method for the synthesis 88 has been identified antiis process was then
used for the synthesis d01 (Scheme 4.2 The same conditions we used with
exception to the amino pyrazole, with(t8rt-butyl)-1H-pyrazot5-amine added to the
sodium salt oB7. A similar yield was observed, with compoub@l isolated in a 13%
yield. The low yield of98 and 101 may be due to the decomposition oé teodium
enolate of compoundl7. 3C NMR spectroscopgupportedhe formation of the product
with the signal resonating at 161.2 ppm arising due to the presence of the amide
carbonyl. The formation of the carbonyl was furteepportedy IR spectroscopy ith
the presence of the carbonyl signal at 1673.che two alkenyl carbons were
confirmed by the 2D HSQC experiment and were found tonegecat 138.8 ppm and
95.2 ppm.
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o | Ny 0
0 HJ\O/\ ONa O HoN H/ ﬁ‘\NzN\
—_ > (R .
)I\O/\ (i) HJ\/U\O/\ (i) u /‘\\/\ E

sodium salt of 97 101

Scheme 4.22Synthesis ofl01from the sodium sabf 97 (i) Na, 27 °C, 12 hrs (ii)
EtOH, reflux, 5 hrs, 13%.

4.2.2.2Synthesis oftompound 102

The position of the CGIgroup within thebis(trifluoromethylphenylat the C5 position

was also investigate€onstruction of this derivative first required the synthesithe
b-ketoester, 102 An alternative approach, devi at
was employed and sawl02 being synthesized from1-(4-(trifluoromethyl)
phenyl)ethanone, sodium hydride and a large excess of diethyl carb&chteme
4.23. The brmation of the product wasupportedby *H NMR spectroscopyvith the

two doublets, both integrating for two protons and both with a coupling constant value
of 8.0 Hz, resonating at 8.06 and 7.75 ppm, indicative of the aromatic postbosind
metato the trifluoromethyl phenyl group. This data corresponded td#hBIMR data
published by Pidathalat al*®* Compound 102 was not isolated but was used as the
crude product.

CF;

FsC

o 102

Scheme 4.23Synthesis otompoundl02, (i) NaH, 80 °C1.5 hrs, 71% (crude yield).

4.2.2.3Synthesis of compound.03

The synthetic procedure involving the use of Meldbusn aci d was revi si t
t h eketdester103 (Scheme 4.2 Here 103 was synthesised from thiopheBe
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carboxyl i c aci dbyaaydfaMetérndediatemdish inaummderwent

a ring openingin the presence of EtOH anmhra toluene slfonic acid to allow the
formation of103iNn3 9 % vyi el d. T h e-ke®astertOBveas corsfirmedfby t h e
!H NMR spectroscopy by the presence of the singlet, resonating at 3.83 ppm,
integrating for two protons, which was indicative of the presencehef alpha
hydrogenods. The thiophene ring was <char a
all integrating for one proton and all resonating in the aromatic region oHtNMR
spectrum. They were found in the ranges of 7.&% ppm, 7.62Z.60 ppmand 7.07

7.04 ppm respectively. TH&l NMR data for compoun@03was in agreement with the

reported literature dat&>

0 /
[ Ao
o) o) o o
W s OH o o EtOH
—_— _—
o_ _O A o

>< () o 0 (i) \
>< ’ 103

Scheme 4.24Synthesis 003 (i) DMAP, DCC, DCM, N, 0 °Grt, 2 hrs (ii) EtOH p-
TSA, N, reflux, 1 hr, 39%.

4.2.3 Condensation

The derivatives of ampound2 were synthesised using tliendensation conditions

described abovélable 4.1showsthe yields for each derivative.

R? O © O
\ R1J\/”\O/\ NN e
B - [ R
N (i) RIZONT S
H2N H H
Compound R? R? % Yield Charton
value for R%.156
2 bis(mCFs) tBu 18 *
92 bis(m-CF) H b -
104 Me tBu 78 0.52
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105 Et tBu 33 0.56
106 iPr tBu 65 0.76
107 tBu tBu 23 1.24
108 Ph tBu 40 1.66
109 Me iPr 69 0.52
110 Et iPr 63 0.56
111 nPr IPr 72 0.68
112 iPr iPr 66 0.76
113 tBu IPr 13 1.24
114 Ph iPr 30 1.66
115 bis(m-CFs) iPr 27 *
116 2-thienyl iPr b -
117 bis(m-CFs) Me 49 *
118 bis(m-CFs) Et 42 *
119 bis(m-CF) Ph 21 *
120 bis(mCFs)  2-thienyl 30 *
121 p-CRs iPr 30 *
122 monoMm-CF) iPr 30 *

Table 4.1 Structures anglields (%) ofderivatives o (i) HOAc, reflux, 4 hrs.
*Charton value fobis(m-CFs) not available. Charton valder phenyl = 1.66 and GF=
0.91.2low yield may be due to issues associated with the purification of the compound
and is not indicative of a decrease in yield due tgthsence of the Et substitueht.

product not isolated crudestarting material ved

From Table 4.1, it could be suggested that when the ketBhsubstituent is a bulky,
sterically hindered group, low yields are obtained. The increasing Charton values for
these substituestorrespond somewhat to a decrease in yigddan increasen steric
effects causes a decrease in yield. The presence of the methyl substituent (Charton value
= 0.52) for example, resulted in the isolation of compol@dlin a 78% yield. When a
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tert-butyl substituent (Charton value = 1.24) was introduced, a gignifreduction in
yield was observed with compourid7 isolated in a 23% vyield. The presence of a
bulky group may hinder the primary nucleophilic amine of the pyrazole group from
attacking the ketone carbonyl, resulting in a low yi&ldis hypothesis maglso explain

the low yields observed fdrl3 114, 116 121 and122 compared to those obtained for
109 110 111and112 The low yield obtained for compourd®5may be due to a work

up issue. Several purification steps were required to purify this tieava

To produce compounfl2 (Scheme4.25), the previously synthesisgryrazole91 and

the commercially availablethyl 3-(3, 5-bis(trifluoromethyl)phenyh3-oxopropanoate

were heated at reflyxn acetic acidfor four hours. The reaction yielded a comwl
crude mixture and the presence of the product was uncertain fronHtHe¢MR
spectrum. Flash chromatography was used to reduce the complexity of the mixture

however the product could not be isolated.

o i
N/
o o HoN- | N”N\
3 O/\ X - 3 H
(1)
CF;
92

CF3

Scheme 4.25Attemped synthesis of compou (i) HOAc, reflux, 4 hrs.

The importance of the position of the <£LFfunctionality within the
bis(trifluoromethylphenyl) at the C5 position was also investigafea. produce
compoundl2], the previously described crude mixturetaning the ketoestdr02and
3-iso-propyl1H-pyrazot5-aminewere heatedat reflux, in acetic acid for four hours
(Scheme 4.2 The desired pyrimidione was isolated in a 30% vyield.
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o i

/\N N

N~ SN | N7\
H

N
[EE— .
O/\ H

S

FsC 102 121

Scheme 4.26Synthesis of compount?1 (i) HOAC, reflux, 4 hrs, 30%.

To access the derivative of compou2)dL16, in which a thiophene heterocycle would
be introduced at the C5 position to replace lirsgtrifluoromethylphenyl) moiety, the
previ ousl y -ketgestertD8 and 8-isodhropf-1H-pyrazots-amine were
heated atreflux for 4 hrs. Although the trusted method used to synthesise the
pyrimidone derivatives was employed, thgyrimidone 116 could not be isolated.
Various purification attempts were made, howeMBsBwas not isolateth an acceptable

level of purity Scheme 4.2y The synthesis df16was not reattempted.

SRS

103

Scheme 4.27Attempted synthesis of compoufd6 (i) HOACc, reflux, 4 hrs.

4.2.4 Synthesis of compound.23

A derivative of compound wasalso synthesised in which changes were made to the
pyrimidone scaffold. This involved the alkylation of the secondary amim¢he 4
positionof the ring,to give the derivativel 23 The synthesis was carried out by heating
a suspension afompoundl15 potassium carbonate and DMF at reflux for eight hours
in the presence of iodoethari&cheme 4.28 Although compound23was isolated in a
less than desirable yield,was obtained in high purity.
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o)

9 N

N NN
N/
| \ F3C =
FsC S N
N k
H
CF,
CF
3 /\I
_—
(1)
o)
o)
H '
gy P
o A . A
CFs CFs
115 123

Scheme 4.8: Synthesiof compoundl23 (i) KoCOs, DMF, 8 hrs, reflux, 18%.

4.3 Synthesis ofderivatives of compound3

The synthesis ofompound2and its family of dketoesterat i v e
and pyrazoles to produce the pyrimidone scaffold, with MW irradiation used to
synthesise the-a8mino1H-pyrazoles precursors. The construction ofdeévatives of
compound3al s o e mp | oy -&«eaoestefs,enydiadnes andfpyrdroles; however,
here substituted h ykitoesters wes snanipuladed ® proeid i t u

the N-substituted pyrazoles from which tB@nalogues were derivé8cheme 4.2
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HN—NH,
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R} =F | R
X =CH

Scheme 4.29Retrosynthetic route for the synthesigdefivatives ocompounds.

The synthesis of two &agments, arN-substituted pyrade building block and an
arylpiperidine building block were required. The N-substituted pyrazoles were
synthesised by reacting a substitut-ed ph

enamino ketoester. The arylpiperazines were synthesised using the methods described in
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Chapter 3 while the palladium catalysed Suzuki couplag used in the formation of

the arylpiperidine. Selective reduction using Adams catalyst gave access to the desired
arylpiperidine. Once the necessary fragments wesgnthesised, compound was
obtained using the HOBt/TBTU coupling conditions described Chapter 3. This
synthetic approach was used to generate a number of derivatives of congound
(Scheme 4.2

4.3.1 Synthesis ofN-substituted pyrazole building blocks

Synthesis ofthe N-substituted pyrazoleBrst requiredthe synthesis of the necessary
sutst t u teeamindketoesteysing the mild conditions reported by Baghal .®’
This method was used allow access toompoundsl24 and125 (Scheme 4.3)) from

which theN-substtute pyrazole was synthesised.

\)\/ o

MOA_. %

124, R? = Me
125, R? = Et
Scheme 4.30Synthesis ob-enamino ketoested24and125(i) rt, overnight,124
(83%),125(96%, crude yield)

The synthesisdN-s ub st i t ut e d -gngmina ketmésters invblved the ube of
N-substituted hydrazines. This process can be described as involving the usg]-of [3+
at om f r ag me nenaninovketeester is udedas-@dm building block while

the substituted hydrazine contributes-at@m fragment®®

The nature of the substitutétthydrazine can affect regioselectivity with a mixture of
regioisomers observed in some casésor example, Oliverat al*® reported that the
use ofN-methylhydrazine can produce a mixture of isomers, howevepligsomenon

is not observed with the use bEphenylhydrazine$®” In this case only the single
isomer of the pyrazole is produced acdn be explained due to the differences in the

nucleophilicities of the nitrogen atoms found\sphenylhydrazines®’
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With compoundsl124 and 125 synthesised, theéN-substituted pyrazogewere then
generated. Asubstituted phenklydrazines were used, regioselectivity was not an issue

with the single isomer afach pyrazolésolatel. Table 4.2 shows the synthesis tiese

pyrazoles
O O ﬁ
R? | O/\ o) 0
N
| R
() ¢
+ —_— N—N
R3
\©\N/NH2 R3
H
Compound R? R3 Yield (%)
126 Me F 90
127 Me H 97
128 Me Cl 94*
129 Me OMe 94*
130 Et F 90

Table 4.2 Synthesis ofN-substituted pyrazole (i) KOH, EtOH, refluxhbs.*Crude
yield.

Base catalysed ester hydrolysis was then used to generate-cdrdozylic acid
derivatives Table 4.3).
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D

o._ 0O
HO_ _O
R2 .
\;g _ 0 . R
N—N /
g N—N
R3 .

Compound R? R3 Yield (%)
131 Me F 80
132 Me H 93
133 Me Cl 58
134 Me OMe 33
135 Et F 96

Table 4.3 Synthesis ofN-substituted pyrazole (i) EtOH, reflux, 2 hrs.

4.3.2 Synthesis of compound. 37

With the pyrazole fragment synthesised, the next task involved the synthes{-of 4
methoxyphenyl)piperidinel37. The synthesis was performed using the reagh
reported by Zhanget al, in which palladium catalysed Suzuki conditions were
exploited to yield the first building block of the arylpiperidii&.This involved the
palladium catalysed coupling of-(Bethoxyphenyl)boronic acid andbtomopyridine
hydrochloride to afford.36, whi ch was then selectively

to give the substitutearylpiperidine in a 18% yiel@iScheme 4.3

c(;DlHﬁl(j\
~ e (i) O
T Y o o o
O OH 0 _NHCI 0 NH Cl
136 137

Scheme 4.31Synthesis of compount37 (i) Pd(PPh)s, C3CGs, toluene, reflux, 24 hrs
(if) PtO, MeOH, H, overnight, 18%
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4.3.3 Condensation

Once the two building blocks were isolated, compoihdnd the derivatives of
compound3 were synthesised using the HOBt/TBTU coupling conditiofesble 4.4
shows the structures and yields of thelfaraide containing derivatives.

HO._ O |\ J(/zj\x

) NH
N—N o R
® ’
N—N
- o
R3
Compound R? R? R3 X z Yield (%)
3 0-OMe Me F CH CH 77
138 p-CRs Me H N CH 36
139 o-Cl, Me Cl N N 46
p-CFs
140 0-OMe Me OMe CH CH 62
141 0o-OMe Et F CH CH 67
142 0-OMe Me F N CH 71
143 H Me F N CH 81
144 H Me F CH CH 60

Table 4.4 Synthesis of compour@land the derivatives of compouBdi) HOB,
TBTU, NEt;, DMF, rt, overnigh

The synthesis of compour@ was supportedby *C NMR spectroscopy where the
presence of the NMR active fluorine atopeara to the pyrazole ring, caused the
splitting of theipso, ortho, metaandpara carbons. This was evident by the presence of
the doulets at 115.8 ppmJ(= 23.1 Hz), 127.3 ppmI(= 8.0 Hz), 135.8 ppmI(= 3.4

Hz) and 162.0 ppmJ(= 244.2 Hz) where the size of the coupling constant decreased
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with an increase in distance from the fluorine atom. The presence of the methoxy group
was alsosupportedby *H NMR spectroscopywith the sharp singlet, integrating for
three protons, resonating at 3.86 ppm.-MR further supportedthe formation of the
product with the peak of mas394.1944m/z corresponding to thé1+H ion of

compounds.

'H NMR dataof compound3 recordedat room temperaturghowedtwo broad signals

at 4.43 ppm and 3.06 ppm, both integrating for two protons. These qeslesfrom the
piperidine methylene protonsdjacent to the amide bonéxperiencing restricted
rotation about th&l-CO bond. The amide group is likely to exhibit partial dotlmed
character as the lone pair of electrons on the amide nitrogen delocalise into the carbonyl
group. This restricted rotation would have resulted in the two methylene groups being
nonequivaent (at low temperaturesand would have also caused the emergence of
rotational isomers in the NMR spectrum. At temperatures below room temperature,
these rotational isomers woulllely have been visible in thdd NMR spectrumas the
rotation about thamide bond would have beerpected to be sufficientlsiow. As the
temperature increased however, the signals coalesce and an average of the signals is
observed, thus causing the broad signals seen fiHthN&VR spectrum at 30 °GF{gure

4.2). As the temprature was further increased, thee ofrotation about the amide bond
increases and thus the peaks further coalesce resulting in the formation of the well
defined peaksHigure 4.2 T = 60 °C).

M J“L__MMJ‘[\L_,
h%

———— 0¥
45 4.0 3.5 30 [ppm]

Figure 4.2 Expanded view of the vable temperaturtH NMR studyof 3 in CDsCN.
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4.4 Conclusion.

A number of derivatives of compourzdvere synthesised that containgdthnges to the
groups at the C2 and Gipsitions. It was found that the presence of a sterically bulky
group at the 6 position esults in a reduced yield. Generally, an increase in Charton
value corresponded with a decrease in yield, as seen for compdi8wisd 114 These

compounds are awaiting biological testing.

A number of derivatives otompound3 was alsosynthesisedwith a number of
compounds which probed the importance of the fluorophenyl and methoxy groups for

example, synthesised. These compounds aceaalaiting biological testing.
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5. Biological evaluation of compound
1 and its derivatives, 4-81.
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5.1 Structure activity relationship (SAR) study of compounds related to4 using

the glucose uptake assay.

Molecular modelling led to the selection of compounfitom a library of compounds

and its ability to disrupt the RBPETR complex was vefied by means of SPR. The
initial hit-to-lead efforts produced eight derivatives Iofand uncovered compourd
(Figure 5.1) as our lead compound as it exhibited greater potency than its parent
compound in both the SPR and glucose uptake assays. Theiforajm was to
develop a SAR study aroundl with the possibility of further optimization. Fifty
compounds including compounds-11, were designed and synthesised and their

activity within the glucose uptake assay was assessed.

=
W/
Figure 5.1 Structure of compoundl

5.1.1.1Effect of altering trifluoromethyl phenyl group

Several pharmaceuticals, suchlasxetine(prozac), the active ingredient of maauyti-
depessants, contain a triflummethyl (CE) group Figure 5.2.1%° The presence of a
fluorine atom, in the form of single fluorine or a trifluoromethylated group, can alter
numerous properties of a drug. For example, a SAR study of fluoxdtmeed that
removal of thepara CR from the phenolic ring greatly reduced its biological
efficacy®! The absence of the stericabylky CFs group caused the molecule to adopt
a less favourable conformation which inhibited its ability to bind to its target pfétein.
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O

N/
H

Figure 5.2 Structure of fluoxetiné®

As a trifluoromethyl phenyl group was present in bbthind4, the importance of this
group was investigated. Several compounds were designed, synthasiséssted in
which alterations to the trifluormethylphenyl group were maable 5.1). Compound

1 was also synthesised at this stage. Althoughglbeose uptakeassay produced a
consistent result for each compound relative to basal and comgeuhd @solute

level of2H deoxy2-glucose taken up by the cells varied from assay to assay. As a result
a gualitative measurement of activity reported This produced a trend for each
compound with compounds labelled active or inactive compared to basaldisvor

active but less active than

123



Chapter 5 Biological evaluation of compdamdl its derivatives

A
W/
Compound R! R? R® R* X z Glucose uptake
assay ativity*

1 Cl H Ck H N S Inactive
4 H H CkR H H CH Active

6 H H CkR H N C=0 Inactive
7 Ch H CR H N C=0O Inactive
8 H H CFR H N CH Inactive
9 Cl H CkR H N CH Inactive
11 Cl H Ck H H CH Inactive
40 H H F H H CH Inactive
41 Ck H H H H CH Inactive
42 H H NO: H H CH Active **
43 H CR H CR H CH Active**
45 H H CkR ClI N CH Inactive
46 Br H Ck H H CH Inactive
a7 H H H H H CH Inactive
73 H H NH H H CH Inactive
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44 NN /\ Inactive

pd

53 O\ Inactive

N

zZ
@)

=
"/

Table 5.1 Structure and activity alerivatives oicompound4, *Activity of compounds

in glucose uptaik assagompare to basal level *Active, but less active thah

The removal of thepara CRs group resulted in a loss of or reduced activity in the
glucose uptake assay, as seen in the below histogFagus€ 5.3). Derivatives40, 41,

47, 52 and 73 were all inactive while 42 and 43 were only marginally active when
compared tod. The absence of theara CR group may have resulted in a loss of

activity for a number of reasons, which will be discussed in the following pages.
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Figure 5.3 Glucose ptake assay results dérivatives otompound. C2C12 muscle
cells incubated overnight at 37 °C in the presence 10 uM of each compound. Cells then
exposed t6H deoxy2-glucose for 10 mins and a scintillation count of the C2C12

muscle cells performed.

5.1.1.1.1 Role of Ck substituent

5.1.1.1.1.1 Steric Bulk

Firstly, like fluoxetine, the steric bulk of theara CF group may have caused the
compound to adopt a suitable conformation for binding to its target pféteinss of
this steric bulk could cause the molecule to adopt a less favourable conformation

resulting in a loss of/decreased activity.isTtould be the case fmompounds40, 42,

47,52and73.
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The position of the bulky GFgroup was also important. When the derivatives
containing anortho or meta CR substituent were tested, it was found that the

compounds were less active thae.g.43) or completely inactive (e.d.1).

5.1.1.1.1.2Lipophilicity

CF: substituents also contribute to the overall lipophilicity of a moleétile.
Lipophilicity governs a drugs ability to permeate lipid nieemes and dock within a
hydrophobic protein cavit}f? It affects aqueous solubility and can play a role in drug
metabolism, pharmacokinetics, pharmacodynamics and toxictedypophilicity is
measured in terms of the logP where P, thiitman coefficient, describes the tendency

of an uncharged substance to dissolve in an immiscible biphasic system at
equilibrium1®! This is generally calculated experimentally using octanol and water as
the biphasic system and measures the concentration of the neutral substance found in

the octanol or water layet8!

The greater the logP value, the greater the lipophilicity, while the lower the logR value
the greater the hydrophilicity (i.e. the greater the aqueous solubifitWaring et al.
reported that compounds with large logP values tend to exhibit increased toxicity,
decreased solubility, poor metabolic clearance and reduced spgdidicibinding to
protein receptor&? Purseret al. eluded to the fact that an inadequate lipophilicity can
have deleterious effects with regards to crossing lipid membt&n@sugs require an
adequate lipophilicity to be able to pass through the lipid membrane but not become
trapped within itt®* As passive transport is the most common mode of cell permeation

for drugs, an adequate lipophilicity is essential.

Drug molecules are exposed to a variety of different environments in the body,
depending on themethod of administration. The pH for example, can vary significantly
from 2.0 in the stomach to 7.4 in the blood stré&i¥s many drugs contain functional
groups that are susceptible to ionization, and as logP refers to the unionized neutral state
of a molecule, a method for quantifying the aqueous solubility of ionized molecules is
neead®® LogD is the pH dependent distribution factor that is related to logP by the
add dissociation constant pK®® This coefficient more accurately describes the

aqueais solubility of a drugn vivo.
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Table 5.2shows the logP values, calculated by Chemdraw softward, #0, 47, 52,
and73. The loss of the CHdecreased the logP value thus decreasing the lipophilicity,
this may have rendered the compounds incapabtgossing the lipid membrane and
evoking a biological respons& Alternatively, if the derivatives were capable of
crossing the lipid membrane, the reduced lipophilicity may have prevented the

compounds from binding to their target prottif.

Compound logP* logD**
4 4.79 4.67
40 4.02 3.93
47 3.87 3.79
52 3.34 2.79
73 3.06 2.95

Table 5.3 LogPand logDvalues of compound andits derivatives, *catulated using

Chemdraw software, ** calculated using MarvinSketch software.

5.1.1.1.2 Effect of substituting the phenyl ring

Altering the phenyl ring, replacing the €Rroup or completely substituting the
trifluoromethyl phenyl group, led to a decrease in activighle 5.1, Figure 5.3.

Replacing thepara CFs group, with a nitro or amino grougltered the electronic
properties of the aromatic ring. In both cases, a reduction in glucose uptake was
observed. As gara nitro substituent is more electron withdrawitigan apara CR

group, this would have reduced the electron density of the awrmagi®° The electron
withdrawing clorine and bromine atoms will also have affected the electronic
properties of the aromatic ring and may have contributed to loss of activity in
compoundd, 7, 9, 11, 45and46.

The presence of a primary amine in tmera position would have increased eie®n
density, as the lone pair of electrons can delocalise into the aromatic ring. This may also
be the case for compounf@isand8, and may also contribute to the loss of activity seen
in 1, 7, 9 and45. Changes to the electron density of the aromatg miay have had a
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negative influence on the binding mode of the aromatic ring to the protein aTdet.
substituent itself could directly affect binding as an F,>NiH NO, group will have
markedly different binding characteristics e.g-béhding (donor or acceptor),

hydrophobicityand electrostatic interactions.

5.1.1.1.3 Loss of six membered aromatic ring

Although the loss of activity observed fré&@® may beattributedto the loss of theara

CRs group, the absence of the planar aromatic ring may also have influenced this change
in activity. As aromatic rings are hydrophobic planar structuhesy can interacwith

flat hydrophobic regions of a protein binding sk& van der Waals forces or
hydrophobic interaction®. Also, aromatic rings present the opportunity for a molecule
to be I nwvol ¢ ¢ & whcimmwguld further stabilise a ligarmtotein

interaction®*

Cyclohexane ring adopt non planar conformations such as the boat and'%hair.
Although axial protons can interact, albeit weakly, with the protein, it keeps the rest of
the cyclohexane ring at a distandéiglre 5.4).%% This prevents further stabilising

interactions.

Aromatic ring Cyclohexane analogue

55 | |
Good interaction ;—. g : Poor interaction
]

W Wy Wl
s T

Flat hydrophobic binding region
Figure 5.4. A comparison obinding betweem planar aromatic ringr a nonplanar
cyclohexyl ring.

This could explainhe loss of actity observed focompound2. Also, as the unknown
binding site may be a flat, narrow hydrophobic pocket, which would accommodate the

planar aromatic ring id, the norplanar cyclohexyl ring ir52 may not be able to fit
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within the protein binding site, reléimg in a loss of activity® Also, the absence of

stabid’i ssitmmgcki ng could also play a rol e i

The importance of the aromatic group can also be seen from the glucose uptake assay
resultsfor 44. Removal of the trifluoromethyl phenyl group resulted in a loss of activity.

This can be attributed to the reasons described above.

Overall, alterations to the trifluoromethyl phenyl group resulted in a decrease or a loss
of activity for all compounds. Therefore, the presence of a trifluoromethyl phenyl group
at this position is cons@ted necessary for biological activity.

5.1.1.2Effect of altering the substituted piperazine ring

Piperazine rings are commonly found in biologically active compounds and their
importance has been reported extensively in the literatureddiineatives ofcompouml
4,53, 54 and74 were designed and synthesised with a viedeti@rminghe importance

of the piperazine ringlable 5.4).
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Compound Structure Glucose uptake
assay ativity*
4 FsC Active
: ‘N/\
(o
=
s/
53 F30\©\ Inactive
NH
HN_ _O
=
s/
54 FsC Active**
N_ __O
=
s/
74 Inactive
o_ 0O
=
s/

Table 5.4: Structure and activity alerivatives of compound, * Activity of

compounds in glucose uptake assay compared & leagl** Active compared to

basal, but less active thdn

Changes to the piperazine ring resulted in a loss/ decrease of activity in the glucose
uptake assayH{gure 5.5. Compound/4, in which the arylpiperazine was replaced by a
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methyl ester, provedot be inactive, highlighting the importance of the substituted

piperazine with respect to induced glucose uptake.

15000 15000- b
Hokk
c * c
5 ‘D
= 100004 = 100004 —_
5 - T 5 -
o f=o]
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= 5000- = 5000+
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O O
u 1 1 1 ﬂ 1 T
S 4 53 4 > 4 4
& t-test v Basal & t-test v Basal

Figure 5.5 Glucose uptake assay results of compotiddrivativesC2C12 muscle
cells incubated overnight at 37 °C in the preset@ uM of each compound. Cells then
exposed tdH deoxy2-glucose for 10 mins and a scintillation count of the C2C12

muscle cells performed.

The importance of the piperazine ring itself was investigaledugh a study of
compound53. Here the ring was neoved and replaced with a hydrazine functionality.
The removal of the piperazine proved to be deleterdmalsthe compoundas unable to
stimulate glucose uptake. The piperazine ring in compdundy allow the molecule to
adopt an appropriate conformatidor binding to the protein. It may orientate the

molecule so as to form more stable interactions with its target.

The role of thenitrogen atom adjacent to the aromatic rimgs also probed, witb4
exhibiting a reduced activity compareddoRemoval othis nitrogen camffectthe pka

of the molecule which may cause changes tgtiemacokinetics of theoleculeand
howthe drug molecule interacts with the protein tat§&This nitrogen atoncannot act

as a hydrogen bond donor as it is a tertiary amine, nor can it act as a hydrogen bond
acceptor due to the delocalization oflase pair of electrons into the aromatic rfiig.

This amine however, may participate in ionic bdoanation. Thus, removal of the Ar

N nitrogen may have removed the possibility of forming an ionic bond with the target

protein, theefore reducing its biologicaffect.
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There was an overall reduction in activity when changes were made to the piperazine

ring, demonstrating the importance of this groug.in

5.1.1.3Effect of removing the amide carbonyl

Amide bonds are found in a wide variety of biologically active compounds ranging
frommetenkephalin, the bodyés naturaln®pain
Amide bonds can interact with protein targets through hydrogen bofidifige
carbonyl oxygen can form two hydrogen bonds as it possesses two lone pairs of
electrons Figure 5.6. The amide NH can only serve as a hydrogen bond donor as its
single lone pair of electrons delocalise into the adjacent carbonyl &dine amide

group is therefore an important functional group for preligiand interactions.

HBA

HBD > H

N 0:
R/ : {3 HBA
R’
Figure 5.6 Hydrogen bond interactions of amiciés.

The amide group it could have functioned in a similar fashion to that described
above, however without the amide nitrogen acting as a hydrogehdmmor due to the

fact it is a tertiary amide. It was hypothesised that the removal of the amide carbonyl
would diminish the biological activity of the compound. This was the, @sseeen in
Figure 5.7, where 70 did not induce glucose uptake within CZCinuscle cells.
Removal of the carbonyl may have prevented the formation of a hydrogen bond

interaction between the protein target a0d
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Figure 5.7. Glucose uptake assay results76f C2C12 muscle cells incubated overnight
at 37 °C in the presence il of each compound. Cells then exposeéHaleoxy-2-

glucose for 10 mins and a scintillation count of the C2C12 muscle cells performed.

As 4 contained an amide bond, it would have experienced some restricted rtfation.
This would have reduced the number of conformations that compbondd adopt.
Introducing free rotation about the nitrogen atom, by removing the carbonyl group, may
have allowed the compound to adopt numerous conformations. Thetatobfficulty

in adopting the suitable conformation for interacting with the protegetanay have

increased.

The loss of activity observed when the amide carbonyl was removed highlights the

important role that this group plays in the biological activity of compeund

5.1.1.4Effect of altering the alkyl chain

Introducing a carbonyl group intodhalkyl chain diminished biological activity, as was
seen with5. Although the loss of activity observed férand 7 may be due to the
presence of the aromatic nitrogatom they also contain a carbonyl group on the alkyl

chain.

The pr es e endwoudd have hffected the polarity of the molect¥This
may have affected its ability to bind to the target protein, thus reducing ackigtyr¢
5.8 Table 55).

134



Chapter 5 Biological evaluation of compdamdl its derivatives

When a primary alcohol6g), or a sulphur atom1Q), was introdued into the alkyl

chain a complete loss of activity was nobserved. Both compoundd and 10
remained active compared to the control, but were not as acdve&asnpoundb6 may

have acted as a hydrogen bond acceptor and donor due to the presence of the primary
alcohol®® The sulphur atom may have functioned by acting as a hydrogen bond

acceptor®® These interactions may havassistedin the ligandprotein binding

interaction.

Both 1 and10 contain a sulphur atom in the alkyl chain. However, a loss in activity was
obseved for1 and not forlQ. Therefore, the loss of activity can be attributed to the

substitution of the arylpiperazine.
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Figure 5.8 Glucose uptake assay results of compotiddrivativesC2C12 muscle
cells incubated overnight at 37 °C in the preseficeM of each compound. Cells then
exposed t6H deoxy2-glucose for 10 mins and a scintillation count of the C2C12

muscle cells performed.
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z
=
s/
Compound Z Glucose uptake assay
Activity*
4 CHz Active
5 C=0 Inactive
10 S Active**
66 CHOH Active**

Table 5.5: Structure and activity of derivatives with varying alkyl chain lengths,
*Glucose uptake assagtvity compared to basatActive compared to basal, but less

active tharg.

When the section of the molecule, from #rmaide carbonyl to C5 of the thiophene ring
was altereda significantchange in thebiological activity of these derivatives was
observed Increasing the length of ithsection of the moleculgenerated the active
compoundss5 and 56, with 55 proving to & as active ad (Figure 5.9 Table 5.6).
Increasing the lagth of this section of theolecule may not affect the relative position

of the arylpiperazine moiety within the protein target and therefore does not affect
activity. Alternatively it may be thathe position of the arylpiperazine is in fact affected
but that the newposition allows for interactions to oc¢which are as stable as the

interactions observed betweesmpound and the protein target.

Replacing the thiophene ring with a butyl grai®@d) also resulted in a compound that
was as active ad in the glucose uptake assayiqure 5.9 andTable 56). As both
compound4 and57 were similar in lengthit could be concluded that it is the length

the moleculghat is important for activityand notthe presence of a heterocycle.
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A significant reduction in théength of themoleculegreatly impacted the ability of

certain compoundg$o stimulate glucose uptake, with compour and 67 both

proving to be inactiveRigure 5.9, Table 5.6). Thiswas also the case 68, where the

length of the molecule from the amide carbotoythecarbon in theC5 position of the
thiophene ringvas only 770, compared to 10. 2334 Qhlyobser
a slight loss of activity was observedhen compand 60 was tested in the glucose

uptake assay. Hetbe length of this section of the molecule, from the amide carbon to
terminal methyl group, was shortenéd 0 7 8imildr resulted were observed for the
amide61 wherethe lengthof the molecule from thamide carbonyl to the carbon in the

C5 position of the thiophene was. 1 8(&1) (Rigure 5.9 Table 5.6).

Reducing the length of the molecule, as was seen in comp&& 89 and 67 could

have several affects, for example it may change the relativegoositthe substituted
phenyl ring within the protein which in turn may have affected binding of the molecule
within the targef® The alkyl chain may conceivably take part in a hydrophobic binding
interaction with the target, which could be reduced with the reduction in the length of

this part of the molecule.
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Figure 5.9 Glucose uptakessay results of compourdderivativesC2C12 muscle
cells incubated overnight at 37 °C in the presence 10 uM of each compound. Cells then
exposed t6H deoxy2-glucose for 10 mins and a scintillation count af @2C12

muscle cells performed.
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Compound Structure Lengt’ Glucose uptake
assay ativity*

4 FsC\O\ 10.233 Active
N /\

=
s_/
55 R 0 11.756 Active***
?‘%
56 R 0 13.279 Active**
=
s_/
57 R\;O\H 10.647 Active***
58 R\fo 1.509 Inactive
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59 R 0 7.710 Inactive
%
60 R \il 6.078 Active**
61 R 0 7.187 Active**
=
s_/
67 F30\©\ 1.438 Inactive
N /\
K/ N ~N
R =
F3C\©\
@
N ;yi"

Table 5.6: Structures and activities derivatives otompound4, *Glucose uptake
assay ativity compaed to basal **Active but notsaactive ad, ***As active ast,*
bondlength measured from amidarbonylto C5 position of thiophene or to the
terminal alkyl carbon

5.1.1.5Effect of replacing the thiophene heterocycle

A heterocycle is an aromatic or saturated cyahoiety that contains one or more
heteroatomsuch as N, O, S, Si, B, Se of® Heterocycles are extremely important
functionalities in drug discovery. Numerous pharmaceuticals exist that contain one, if
not more, heterocycles. They can be found in therapeutics responsible for the treatment

of cancer, cardiovascular disease and diadét&s.
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A heterocycle ca interact with a protein binding site through various bonding
interactions® For example, the hetoatom can interact through hydrogen bonding or
ionic bonding while the heterocycle as a whole can intera@ hydrophobic
interactions, van der Wadiso r ¢ essackimg®®'%¥

3-(Furan2-yl)propanoic acid was the only relevant commercially available starting
material that could have been used in the synthesis of a furan containing derivative of
compound4. This resulted ircompound62, acompoundof reduced length, compared

to canpound4, which alsocontained a furarl heterocycle.

Like the sulphur atom in the thiophene ring, the oxygen atom in the furan ring has two
lone pairs of electrons. Both heterocycles find one of their lone pairs delocalised into
the aromatic ringwhile the other lone pair is found in the?dyybrid orbital in the same
plane as the heterocyclic rifg). The lone pair of electrons in the®dpybridised orbital

allows these heteroatoms to serve as a hydrogen bond acceptor.

The thiophene ring was also replaced with a pyrazole heterocycle to give derBaative
(Table 57). The presencef a secondary aminallows this heterocycle to act as a
hydrogen bond donor.

Compound63 remained active in the glucose uptake assdyle 62 proved to be
inactive fFigure 5.10. When the glucose uptake assay results for compb8add62,
whicharebothsimilarinlengh (7. 71 U aadouly dfferénahe hetéocycle
(thiophene or furan respectively), were compaitdvas found that the results were
similar. This indicated that replacing the thiophene ring with a furanyl derivative did not
affect biological advity. The equivalent comparison for the pyrazole containing

derivative is betwees and63, where a slight reduction in activity was observedo@r

These results again suggest that the nature of the heterocycle is not of critical
importance and that is the overall length of the molecule that mias crucial for

activity.
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Figure 5.1Q Glucose uptake assay results of compd@dnd63. C2C12 muscle cells
incubated overnight at 37 °C in the presence 10 pM of each compound. Cells then
exposed tdH deoxy-2-glucose for 10 mins and a scintillation count &f @2C12

muscle cells performed.

Compound Structure Length  Glucose uptake
( V) assayActivity*

42 F3C\©\ 10.233 Active
N /\

622 F30\©\ 8.696 Inacive
N/ﬁ

07
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63 F30\©\ 10.108 Active**
N /\

\/N

NH

Table 5.7: Structure and activity of derivatives dfwith alternative heterocycles,
*Glucose uptake assagtvity compared to basatActive compared to basal, but less
active thard, @ heteraycle substituted at the C2heterocycle substituted at Cond
length measured from amidarbonyl to C5 position of thiophene or furanyl ring or to

the N1 nitrogen of the pyrazole.

The thiophene ring was also replaced by a benzyl group. This gavie the derivative

64, which proved to be more active théat stimulating glucose uptakEi§ure 5.11).

As described previously, aromatic rings are hydrophobic moieties that can interact with
hydrophobic regions of a protéiAiThey can also form binding interactiovis van der
Waals forces and -staekiagwiile otherranomatio/gepd!®* Suoh

interactions may have resulted in the improved activity

Steric factors may also have influenced the molecules binding mode due to the presence
of a different aromatic rin§® This may have altered the orientation of the ligand
resulting in a superior binding and thus insex activity?® Similarly, the presence of

an alternative aromatic ring may have allowed for aebéitof this part of the molecule

in the protein binding site.
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Figure 5.11 Glucose uptake assay results and structuég.d€2C12 muscle cells
incubated overnight at 37 °C in the presence 10 uM of each compouisth€e
exposed tdH deoxy2-glucose for 10 mins and a scintillation count of the C2C12

muscle cells performed.

Previous results suggested that the presence of a heterocycle at the terminus of the alkyl
chain was not required for activity. Consequentlye investigated the effeabf
introducing an alternative functional group at this position would have on glucose
uptake. We chose to introduce a carboxylic acid functionality at the alkyl chain terminus
as these groups are found in a variety of biologicaditive compounds. They serve as
hydrogen bond donors or acceptors or, alternatively, they can exist as the carboxylate
ion and form ionic interactiorfS. Introduction of this group would also allow for the
compound to be easily derivatized due to the reactivity of the carboxylic acid. This
activity would prove to be important when we came to immabdishe compound on a

solid support, se€hapter 7

As a result, compound9 was synthesised and tested in the glucose uptake assay. The
presence of the carboxylic acid resulted in a compound that was more activeatichn

57 (Figure 5.12. The ability ofthe carboxylic acid group to form hydrogen bonds or

ionic bonds may be responsible for this increase in activity.
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Figure 5.12 Glucose uptake assay results and structure of compt.@RC12
muscle cells incubated oweght at 37 °C in the presence 10 uM of each compound.
Cells then exposed i1 deoxy2-glucose for 10 mins and a scintillation count of the

C2C12 muscle cells performed.

A methyl ester was also introduced at the alkyl chain terminus; compglnthis
compound proved to be more active thaiand 57 and as active ag9 at stimulating
glucose uptakeHigure 5.13. Again the presence of a hydrogen bond acceptor in the
form of a carbonyl group may be responsible for the increase in activity compated to

and57.
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Figure 5.13 Glucose uptake assay results and structure of com@w@PC12
muscle cells incubated overnight at 37 °C in the presence 10 uM of each compound.
Cells then exposed i deoxy2-glucose for 10 minsral a scintillation count of the
C2C12 muscle cells performed.

145



Chapter 5 Biological evaluation of compdamdl its derivatives

5.2 Animal studies on @mpound 4.

A 16 week animal study was carried out in a similar fashion to that mentioned in
section 2.3 The study was comprised of three groups: Group A contained 12 mé&e on
HFD that were exposed tbdissolved in DMSO; Group B contained 12 mice on a HFD
that contained only DMSO; and Group C contained 8 mice that were fed a normal
CHOW diet. All animals were exposed to the given diet 1 week prior to the introduction

of 4 or DMSO. This was to allow the animals to acclimatise to the change i’ diet.

5.2.1 Glucose toleranceand insulin tolerance testing.

After 16 weeks, GTT and ITT were permed as beforeFigure 5.14 shows that4
dramatically i mproved the animal és abild/
on a HFD only. Also, improved insulin sensitivity can be observelbwsr glucose

levels at the varying time point indicatemare sensitized response to insulin.

An intervention study was also performed. Compodnaas administered to animals
after 17 weeks, once insulin resistance had been established. Corpeasdound to

restore both glucose and insulin sensitivity tonnalrlevels Figure 5.14).

These exceptional results confirm thétcan actively improve the hyperglycaemic
profile of a diabetic animal model. The results from the intervention study also show
that4 has the potential to be used as an antidiabetic agéeheé itreatment of T2D. The
use of a small molecule as an insulin substitute would have many positive effects for
those requiring insulin therapies. It could prevent the need for daily injections and

would therefore greatly improve the quality of life.

Glucose Tolerance Test 32 weeks

25

- HFD + 4 constant 16wks (n = 12)
=#%= HFD constant 16wks (n =12)

== CHOW constant 32wks (n=8)

Glucose {mmoi/L)

“'§#* HFD constant 32wks (n = 3)

5 * Intervention study: HFD 16 wks + switch to HFD

+ 4 16 wks n=8)

[y 30 60 %0 120

Time (minutes)
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Insulin Tolerance Test 32 weeks

===HFD constant 16wks (n =12)

—+—=HFD + 4 constant 16wks (n =12)

**CHOW constant 32wks (n=8)

" HFD constant 32wks (n = 3)

% Glucose (mmol/L)

Intervention study: HFD 16 wks + switch to HFD
+ 4 16 wks (n=8)

Time (minutes)

Figure 5.14 Results for compound, Glucose and Insulin Tolerea Test and

Intervention Study.

5.3 A pharmacophore model for @mpound 4.

5.3.1 Pharmacophores

The results of the glucose uptake assay identified functional groups in the corpound
required for actiity. Changes to the trifluoromethyl phenyl group, the piperazine ring
and/or the carbonyl group all resulted in a loss of activity. However, changes to the
alkyl chain and/or thiophene ring were tolerated. Once the active groups were

established, this infmation was used to identify a suitable pharmacophore.

A pharmacophore can be defined as the spacial orientation of necessary features
(functional groups) required for activity while disregarding the molecular framework
that holds them togeth&!%° Applications can include mining of virtual libraries
(virtual screening) for hit discovery and hit to lead optimizati8n.

The CATALYST softwareas implemented in Accels Discovery Studio 3.]5;an be

used to generate 3D pharmacophore models from a collection of molecules that are
diverse in both structure and activity by employing programs such as HipHop and
Hypogen,

HipHop provides featurbased alignment of a collan of compounds and matches the
chemical features of a new molecule, against drug candidate molecules. The resulting
models can be used to search chemical databases to find new lead candiacties

molecules can also provide vital information whican be used to place excluding
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volume features. Hypogen generates predictive 3D models based on values which can

be used to quantitatively predict the activity of new compounds.

To develop a pharmacophore model, the bioactive conformation of a ligandecan b
obtained from the ecarystallised structure of the target protein, if availdble.
Alternatively, if the bioactive conformatias not known, the conformations of a range

of active compounds can be aligned and a common feature pharmacophore can be

generated?

5.3.2 Development of Training set

Each active and inactive compound was assigned a principal number, with 2 being most
active, 1 being active and 0 being inactive based on the results from the glucose uptake

assay (able 5.8.

Compound Principal No Compound Principal No.

4 2 5 0
64 2 6 0
79 2 7 0
81 2 8 0
146 2 9 0
10 1 11 0
42 1 38 0
43 1 40 0
55 1 41 0
56 1 45 0
57 1 47 0
59 1 52 0
60 1 53 0
61 1 54 0
62 1 58 0
63 1 67 0
66 1 73 0

1 0 74 0

Table 5.8: Active and inactive compoundmsedon results from glucose uptake assay
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All the active compounds with a principal number of 2 were included within the
training set. Five inactive compounds, selected by means of clustering, were also

included so as to incorporate excluded volumes.

5.3.2.1Clustering

Clustering involves assigning a set of molecules into subsets, or clusters, so that each
molecule in that cluster has similar characteristics. The aim is to create a number of
subsets so that molecules in the same subset are similar while moleculiéeramtdi
subsets are as dissimilar as possibl&or example, the compoundsdluster 2 all lack

a para CRs group while the compounds in cluster 3 all contaipyedine ringin the

place of aphenyl ring. This method was applied to all inactive compounds with a

principal number of OTable 5.9).

Compound Cluster Compound Cluster
58 1 45 3
67 1 3
70 1 3
40 2 3
52 2 3
47 2 53 4
74 2 54 4
41 2 5 5
73 2 46 5

7 3 11 5

Table 5.9: Clustered inactive compounds, with cluster centres shown in red.

Five clusters were created that included varying numbers of compounds. Bemein
each cluster, the cluster centre (shown in redlahle 5.9), was chosen to be included
within the training set. From this we had established a training set that indlu@letb,
47,54, 64, 67, 79, 8l and146.
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5.3.2.2Excluded Volumes

While the featuresf the pharmacophore were derived from the active compounds, the
information about the inactive compounds was used to allow the algorithm to place

excluded volumes.

Excluded volumes are volume locations that active compounds cannot occupy; they
represent aingle steric constraiit? They are acquired by using inactive ligands and

are represented by grey spheres.

5.3.3 Methods

The HipHop module in Discovery Studio elucidated 10 common feature
pharmacophores from a set of active ligands. The algorithms used information from
inactive ligands to place excluded volumes. Compounds were dedmenost active,

active or inactive based on their performance in the glucose uptake assay. The
conf ormation generation method was set t
with 1 indicating that the compound must map to all but one of the fedturtbe
generated pharmacophore model. The validation fitting method was set to flexible or
rigid, with the flexible setting allowing for each conformation of the ligand to be
slightly modified to better fit the pharmacophore. The number of excluded vglumes

developed from the inactive compounds, was set at 0, 5 or 10.

A set of features, from which the pharmacophore could be composed of, were selected
from a catalogue of available features. From analysis of the active compounds, the
features were selectedded on the features most likely to make up the pharmacophore.
The set included: Hydrogen bond acceptor (HBA), Hydrogen bond donor (HBD),
Hydrophobic (H), Hydrophobic aromatic (HAr), Hydrophobic aliphatic (HA), Positive
charge (PC), Ring Aromatic (RA).

Ten models were then developed from the previously prepared training set which

included both active and inactive compounds.

5.3.3.1Generation of Conformations

As the bioactive conformation of our compounds was not experimentally available, a
common feature methodas used to generate the pharm

was used to generate 255 conformations for each compound within the training set.
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Unli ke the alternative AFASTO met hod whi
the ABESTO me tfonmatibns gtechasticalft’®he cABESTO moc
able to replicate the ligadobund conformation of molecules. However, computation

times are significantly | ofger compared 1

5.3.3.2Validation of Pharmacophore Models (Receiver Operating Characteristic

curves)

As the pharmacophore analysis produced 10 models for each set of conditions used,
subsequent refinement was required so as to identify the model with the most relevance.
A validation protocol was used to test the models ability to identify active compounds
from a larger set of decoys (validation/ test set). The test set included all other
experimentally tested compounds, active (12) and inactive (20), which were not
includedin the training set. Receiver Operating Characteristic (ROC) curves were used
to quantify this ability.

ROC curvesKigure 5.15 can be used to test the ability of a pharmacophore model to
determine between active and inactive compounds within a té$f $aese curves plot

the true positive rate (sensitivity,-akis) against the false positive rate (1 minus
specificity, xaxis)1”™ The closer theROC score value is to 1, the more relevant the

pharmacophore mod&l?

RQOC Curve for training_set_09 (Accuracy 0.571: ROC Curve for training_set_03 (Accuracy 0.871;
Fail) Good)
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Figure 5.15 ROCcurves of varying accuracy.
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5.3.4 Pharmacophore Development and Validation

From the initial 10 pharmacophore models generated using the conditions described in
Entry A, (Table 5.9 section 5.3.4 the pharmacophore with a ROC score of 0.642,
proved to be the best model). Features included hydrogen bond acceptor, hydrophobic,
hydrgphobic aromatic and ring aromatic. To identify the necessary features and to
improve the quality of the pharmacophore, the model was refined by altering various
settings such as number of excluded volumes, maximum omitted features (max. omit
features), typs of features and alternating the validation fitting method between rigid
and flexible Altering the maximum number of omitted features, from 0 to 1, meant that
compounds must include all but one feature in the generated pharmacophore.
Alternating betwee rigid and flexible within the validation fitting method, allowed for
each conformation of the ligand to be slightly altered to better fit the pharmacophore

model.
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Entry Max. Flexible/ Max. Best Features
Omit Rigid fit Excluded ROC
Volume score
Feature
A 0 Flexible 0 0.642 HBA, H, HAr,
RAr.
B 1 Rigid 0 0.808 HBA, H, HAr,
RAr
C 1 Flexible 0 0.825 HBA, H, HAr,
RAr
D 1 Flexible 10 0.842 HBA, H, HAr,
RAr
E 0 Flexible 5 0.713 HBA, H, HAr,
RAr
F 1 Flexible 5 0.871 HBA, H, HAr,
RAr
G 0 Flexible 5 0.877 HBA, H x 2,
RAr.*

Table 5.9 Results from Pharmacophore developmei#A = Hydrogen bond donor,
HBD = Hydrogen bond donor, H = Hydrophobic, HA = Hydrophobic Aliphatic, HAr =
Hydrophobic Aromatic, RAr = Ring AromaticHAr featureat alkyl chan terminus

removed.

Pharmacophore A underwent additional refinement to improve the pharmacophore.
Encouraging results were observed when the max. omit. feature was set at 1 and the
fitting method set to rigid. From the 10 pharmacophore models generabedtis
conditions described for pharmacophore Rlfle 5.9 Entry B), the pharmacophore
model B, with a ROC score of 0.808, proved to be the best. However, when the
validationfitting method was set at flexible@, pharmacophore with an improved ROC
scoreof 0.825 was obtained @ble 5.9, Entry C,Figure 5.1@\
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Figure 5.16 Pharmacophore Entry C, ROC score 0.825, withappedBlue = H,
orange = RAr, green = HBA, cyan = HAr

The model was further refined by introducing excluded volumes. This uncovetrgd En
D, with a ROC score of 0.84Figure 5.17). The inactive derivativé7 is also mapped
to the pharmacophore, Entry D, in the below diagram. As can be seen from the

illustration,67 does not contain the HBA or the HAr features presedt in

Figure 5.17. Pharmacophore Entry D (ROC score = 0.842) withctive) andb7
(inactive)mapped. Grey = Excluded volumes, blue = H, orange = RAr, green = HBA,

cyan = HAr

Reducing the number of excluded volumes, from 10 to 5, and allowing for no features
to be omitted gave pharmacophore Entry E with a ROC score of 0.713. However, it
was found that allowing one feature to be omitted resulted in a pharmacophore with an
improved ROC score of 0.87T4ble 5.9 Entry F).

From results of the glucose uptake assay, the teioplheterocycle, represented by the
hydrophobic aromatic (HAr) feature, proved to be 4eseential for activity. Therefore,
the presence of a feature at the alkyl chain terminus was removed. As a feature was

removed, it was necessary to set the max. aatife equal to 0. This was to ensure the

154



Chapter 5 Biological evaluation of compdamdl its derivatives

pharmacophore had an acceptable number of 4 fdaf[llnesexcluded volumes were
also set at 5Table 5.9 Entry G). The pharmacophore, Entry G, with a ROC score of
0.877 Figure 5.18 best represents the functibngroups within the family of
compound4 derivatives that are responsible for evoking a biological respéingere
5.19shows botht and79 mapped.
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False Positive Rate

W training_set_01

Figure 5.18 ROC curve for Entry G.

Figure 5.19 4 and79 mapped to pharmacophore Blue = H, orange = RAr, green =
HBA.

Both active compounds have groups that match all the features of the pharmacophore.
They include the trifluoromethyl group and piperazine ring (H, Blue), the aromatic ring
(HAr, Cyan) and the amide carbonyl functiabal (HBA, Green). No inactive
compounds were able to be mapped to the pharmacophore as the max. omit feature was

set at zero.
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Results of the glucose uptake assay have identified the pharmacophore features
necessary for activity. As a result the pharmacophg&ntry G with a ROC score of
0.877, has been constructed and can be used to predict the ability of future compounds

to act on the protein target.

5.4 Conclusion

A SAR study was subsequently performed on compodin determine the key
functional groups monsible for evoking such a biological response. A number of

conclusions were drawn from this study:

changes to the trifluoromethyl phenyl group are not tolerated
a piperazine ring is essential

an amide carbonyl is required

the thiophene ring is not nesasy for activity

A =2 =2 =4 =

the length of the molecule may play a vital role in ligand/protein interactions.

It was possible to optimisé and generate compounds with greater potency with the
knowledge that it was the length of the molecule and not the presencterohiaal
heterocycle that was critical for biological activity. The heterocycle was therefore
replaced with different functional groups which led to the discovery of a number of
compounds, such as compoutgdgterminal phenyl)79 (terminal carboxylic ad) and

82 (terminal ester)which proved to be more active than compodnd

Compound4 was as active as its predecessor, compdyma an animal model. More
importantly however were the results obtained with the use of compéundan
intervention stugl. Here we saw that the use of compodne@stored both glucose and

insulin sensitivity to normal levels

The information obtained from the SAR study allowed for the development of a
pharmacophore model. The developed model best represents the key fligctapa
required for a molecule to act on the protein target and stimulate glucose uptake. The

final pharmacophore model had a ROC score of ORRifdre work
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A number of compounds have been subsequently synthesised, which will allow us to
further investigte what functional groups in compouddare required to evoke a
biological response. For examplée derivatives otompound4, 48 and 49, contain

para CHs andtert-butyl groups respectively, as opposed to the @Bup found ind4
(Figure 5.20. Resultdor these compounds from the glucose uptake assay may indicate
whether it is the steric bulk of the €&lone that is important for biological activity. The
synthesis of theseompounds and subsequent derivatives of compodindere
discussed in Chapter 3Jhe structures of the compounds from this section, and

subsequent sections, awaiting testing ar

48 s/ 49 s/

Figure 5.2Q Structures ofi8 and49.
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6.Biological evaluation of
compound 2 and its derivatives,
92 and 104-122.
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6.1 Biological testing ofpyrimidinone 2 and the derivatives of2

The pyrimidone containing displayed similarities td in that it was also inactive in the
glucose uptake assay, suggestirgingle mechanism of actioRigure 6.1). Compound

2 may have evoked its biological response by disrupting the RBPinteraction. It
was unlike compound in that it was not able to stimulate glucose uptake by acting

through the unknown protein target

8000-
*
< 6000 Q
° N
& L | NN
E: 4000+ F.( —
= H
o .
o 2000
6 CF,
X 2
& 79 2
%@

t-test v Basal

Figure 6.1 Glucose uptake assay resutsl structuréor compound®. C2C12 muscle
cells incubated overnight at 37 °C in the presence 10 uM of each compound. Cells then
exposed t6H deoxy2-glucose for 10 mins and a scintillation count of the C2C12

muscle cells performed.

Although initial results from the glucose uptake assay were discouraging, a SAR study
of 2 was still performed. The SAR study of compoundavhich was also inactive in the
glucose uptake assay, led to the highly activend 79. It was therefore hoped that a

SAR study of compoun@ would lead tousefulcompounds

A number of compounds were initially synthesised that probed the significance of the
tert-butyl and phenyl functionalities-{gure 6.2), with 105and115the first compounds

tested in the glucose uptake assay.

The results from the assay showed that by replacingetitbutyl group with aniso-
propyl substituent, a compountil6) with similar activity to79 was generated-{gure

6.2). This suggested that the sterically buligt-butyl group may have been responsible
for the observed inactivity d@ in the glucose uptake assay. This is in agreement with
the Charton values, which are used to describe the steric effects of substitaeett-
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butyl group has a Chartonlue of 1.24 which is greater than the Charton value of an
iso-propyl group (Charton value = 0.76f. This indicates that aert-butyl is more
sterically demanding than aso-propyl group and can impose a greater steric effect on

a protein target’®

The size of the alkyl substituent may baprevented the compound from interacting
with the protein target that is responsible for the glucose uptake effect. The presence of
this less bulkyiso-propyl substituent may have allowed the substituent to fit into a
hydrophobic pocket that is too smdbtr a tert-butyl group. Such a hydrophobic

interaction could have stabilised the dqgtein interactiod®

Like compound2, compoundl05 also proved to be inactive. This may be due to the
presence of theert-butyl group as opposed to changing the bis(trifluoromethylphenyl)
group. Therefore, the importance of the bis(trifluoromethylphenyl) groupiregequ

further investigation.

(0]
~N
LD
F3C S
N
H
8000- *E
* .
c CFj 115
3 6000
e o)
(=8
gdﬂnn- - NN
= . 1D
o ol B Rilldhoms N
..... H
0 i
& 79 115 105
&F
t-test v Basal 105

Figure 6.2.Glucose uptake assay results I06and115 Compoundl15shows similar
activity to compound9 while compoundL05is inactive in the glucose uptake assay.
C2C12 muscle cells incabed overnight at 37 °C in the presence 10 uM of each
compound. Cells then exposedfkbdeoxy2-glucose for 10 mins and a scintillation
count of the C2C12 muscle cells performed.
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To do this, a number aferivativesof 2 were synthesised, where structuaéibrations
were made at the bis(tritwomethylphenyl) substituted, Q¥osition Table 6.1 This

family of compounds are awaiting biological testing.

Compound R
o 101 H
; 1
~N
3 =
R N
4\ 3 105 Et
106 iPr
107 tBu
108 Ph

Table 6.1: Structures of derivatives of compoud

6.2 Derivatives of compound115

As compoundl15had a biological activity similar t@9 and4, afamily of derivatives
of 115were prepared which could be ugeddentify the functional groups responsible
for inducing the biological responsé&his family focused on investigating the
importance and typef substituent present at the C2 and thepGsition Figure 6.3).

0O
1
7
~N
F3C 5 =
N3

CF3

Figure 6.3 Structure of compound15

6.2.1 Effect of the substituent at Q for the derivatives of compoundl15

The significance of the substituent at the @asition was evident when the activities of
2 and 115 were compared. For this reason, a number of derivatives were synthesised

that further explored the feict of the substituent at this position. A numberlab
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derivatives were synthesised with the aim of assessing their ability to stimulate glucose
uptake. Table 6.2 shows the series of compoudd5 derivatives synthesised. This

family of compounds are avtilmg biological testing

Compound R
o)
117 Me
NN
| )\>—R 118 Et
F3C N =
H 119 Ph
120 2-thienyl

CF3

Table 6.2: Structures oflerivatives ocompoundL15.

6.2.2 Effect of the substituent at C5 for the derivatives of compound15.

The glucose uptake assresults for the derivativi&05 could not provide a conclusion

on the biological significance of the bis(trifluoromethylphenyl) functional group. This

was due to the presence of ttest-butyl group which was previously identified as
inhibitngacompoud 6 s abi |l ity to sti mul ataeserigslofuc o s ¢
115derivatives that probed thelegance of the substituent at G&re synthesised, with

the aim of testing their activity in the glucose uptake as§aplé 6.3). This family of
compounds are awaiting testing.
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Compound R
98 H
109 Me
o)
110 Et
NN
| N 111 nPr
R NS
H 112 iPr
113 tBu
114 Ph
121 4-trifluoromethylphenyl
122 3-trifluoromethylphenyl

Table 6.3: Structures oflerivatives otompoundl15

6.3 Conclusion.

Biological evaluation of compound and the derivatives of this compound led to the
identification of compound 15which proved to be highly active in the glucose uptake
assay. The presence of tise-propyl group in the C2 position in comyad 115 as
opposed to theert-butyl group in the C2 position in compouBdnay have allowed the
substituent to fit into a hydrophobic pocket that is too small tertebutyl group. As a
result of this improved activity, a number of derivatives of compoll5 were
designed and synthesised and are currently awaiting biological evaluation.

Chapter 4 saw the synthesis of a number of derivatives of comp8urithese

compounds are also awaiting biological evaluation.

163



Chapter 7 Identifiction of secondary protein target

/. ldentification of secondaryprotein
target.
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The initial aim of this project was to treat T2D by reducing serum levels of RBP4.
Compoundl and its derivatives were designed and synthesised to dock within the
protein cavity of RBP4, causing disruption to the RBHR canplex. It was expected

that this would result in renal excretion of RBP4 and lower the serum levels of this
protein. A compounds ability to induce RBFAR disruption was assessed using the
SPR assay, with and4 proving to be highly effective. The highrobughput glucose
uptake assay was then employed to test the ability of subsequent derivatives to induce
glucose uptake in muscle cells. Compoufidand several other compounds, were
capable of inducing this uptake and this led to the identification dfigfy active,79.

The glucose uptake assay however was an RBP4 independent assay. RBP4 was not
necessary for compourtiand the other active derivatives to stimulate the uptake of
glucose. When cells were stimulated with and without RBP4, no differenaetivity

was observed Higure 7.1). This indicated that the biological activity of the
derivatives was not derived from their inhibition of the RBIPRR interaction alone

and that they were also working through a secondary protein target.

RBP independent
10000+

4000+

CPMImg protein

20004

Q’g RBP4 + 4 4
Figure 7.1 RBP4 independent glucose uptaempound4 stimulated glucose uptake
by C2C12 muscle cells is independent of an RBP4 supported mechanism. C2C12
muscle cells incubated overnight at 37 °C in the presence 10 uM of each compound.
Cells then exposed i deoxy-2-glucose for 10 mins and a scintillation count of the

C2C12 muscle cells performed.
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7.1 Immobilisation of active compounds on an affinity column

Kosakaet al. described a method for the identification of an unknown small molecule
protein target a usingffaity purification and mass spectrometr/. This molecule,
Figure 7.2 was found to increase glucose uptake in myocytes through the activation of
AMPK.

The identification of the protein target involved immobilising the active molebifie

on an affinity columnyia an organic linker, where the affinity column was made up of
agarose beads. Compourdd5 was immobilised on to the agarose bead the
carboxylic acid group. Kosakat al had previously performed a SAR study of this
compound and found that the pharmacatabiactivity was not affected when the
furancarboxylic acid moiety was substituted. As a result the molecule was covalently
bound to the agarose bewd the carboxylic acid group. Binding proteins, which were
isolated from target cell lysate, were thersg®d through the affinity column. Trypsin

was used to remove the bound proteins which were then analysed using mass

spectrometry.”

Figure 7.2 Structure of compounti451’”

Using the Kosaka method, bothand 79 were immobilized onto an agarobead,
commercially known as sepharose. As the affinity purification step was to be performed

in an aqueous environment, we chose to use a linker that had adequate hydrophilic
properties. For this reason, we chose to attach compauadsd 79 to the sephaise

beadvia a polyethylene glycol (PEG) linker. A PEG6 linker, which would create
enough space between the active derivatives and the bead, was chosen so as not to
hi nder the active moleculebs ability to I

7.1.1 Immobilisation of 4 and 79 onto the affinity column

The alcohol group present in the alkyl chain G presented a viable option for
attaching the chain té. Attaching at this position would leave both the arylpiperazine

end and the thiophene ring free to interact with theéepratarget Figure 7.3). This
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approach was attempted but was not successful. An alternative approach was also

explored for attaching linker/bead to compound

7’“ \/\O/\/E/Q
O o

Sepharose bead

F30/©/

66-PEG construct

Figure 7.3.Proposedtructurefor the immobilization of copound4 derivative onto a

sepharose bead.

The SAR study revealed that changes to the thiophene ring were tolerated, but changes
to the arylpiperazine and/or carbonyl functionality resulted in a loss of activity.
Therefore4 was functionalised at the thibpne end so as to allow the attachment of the
PEG linker athe heteroaroamtic ringnce the amino PEG linker was attached 4the

PEG construct wasnmobilised onto the sepharose bekdjgre 7.4).

/izéN{\AOt\/H\/Q\/\)OL N\/\\\/N\O\

Sepharose bead

CF3

4-PEG construct

Figure 7.4 Immobilisation of4 onto a sepharose bead.

The SAR study also revealed that the biological activity78fremained if the
carboxylic acid moiety was substituted with a methyl e&#&r. Ve also chose to assess
the effect attaching a PEG linker would have on tledoical activity of79. For this
reason79 was coupled to -2nethoxyethanamine to give compouid6 (Figure 7.5).

The activity of this derivative was then investigated in the glucose uptake assay, with

excellent results being obtained.
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20000+

£ 15000
B
8
E 10000 O
= 146
& 5000 HN
.gf"\ 4 79 o
2 t-test v Basal |

Figure 7.5 Structure andjlucose uptake assay results and structuid@fCompound
55increases the uptake ¥4 deoxy2-glucose by C2C12 muscle cells, compared to
compound4 and is as active as compour@ C2C12 incubated overnight 2t °C in
the presence 10 pM of each compound. Cells then exposeddeoxy2-glucose for

10 mins and a scintillation count of the C2C12 muscle cells performed.

FromFigure 7.5, it is clear thafl46is more active thad and as active a&9. Therefore,
as substituting79 with a small PEG linker did not affect the biological activity of the
molecule, we decided to proceed with attaching a longer PEG linkéne carboxylic
acid. As79 contained a carboxylic acid functionality, the PEG linker could belsth

using amide bond formation. ThE-PEG construct could then be attached to the

sepharose beaéigure 7.6).
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CF,
3 __/
79-PEG construct

Figure 7.6. Immobilisation of79 onto a sepharose bead.

7.1.2 Synthesis ofPEG constructs of4 and 79.

The alcoholgroup found in the alkyl chain @&®6 allowed for the possible attachment of
the PEG linker at this position. Functionalisi@gwith a PEG linker first required the
activation of the alcohol. The secondary alcohol was reacted with tosyl chloride with the
aim of introducing a leaving group at this positidBclieme 7.1 However, only

starting materials were recovered.

\©\N/\ \©:s”o \@N/\

N 0]

ZAN > k/
(l) \©\ /O
66 S/\
HO = O// 0 =
S / S /
Scheme 7.1Synthetic route for thattemptedosylation of66, (i) NEts, DMAP, DCM,
0 °Crt, overnight.

Mesylation of the alcohol was also attempted but again only starting materials were

recovered. The lack of reactivity of the alcohol at this position maybe due to it being a
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sterically hindered secondary alcohol. As a result an alternative strategyafdiragt

the PEG linker to compountiwas employed.

As previously mentioned, the glucose uptake assay revealed a tolerance for changes to
the thiophene ring, As such; it was decided to attach the PEG linker to the thiophene
ring. Thiophene rings readily undm electrophilic aromatic substitutions, as observed
previously and hence it is possible to substitute a thiophene at the C2 ptSifibe.
synthetic approach that was chosen was to formylate the thiophene ring, using
tin(IV)chloride and dictoromethyl methyl ether, as the methylating agé&his Rieche

type formylation gave compouridt?7. This would then allow the amino PEG linker be

attached td47via a reductive aminatiorSchemer.2).

4 147

reductive /\/{,O\/i\
amination | H2N NH;

Scheme 7.2Synthetic routeo the4-PEG construct.

The formylatedderivative of4, 147, was isolated in a 62% yield. The presence of the
product was clear from the characteristic aldehydic peak at 9.82 ppm iH &R
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spectrum while the quartet resonating at 123.5 ppm iF*@eéNMR spectrum, with a
coupling constantfo270.0 MHz, indicated the presence of the trifluoromethyl phenyl
group. Also, the aldehydic carbonyl stretch at 1661 @rindicative of the presence of
an aldehyde moiety.

Reductive aminations involve the formation of an imine, followed by its resyctd
give the aminated product. In this instance, NaBids used as the reducing agent. To
facilitate the attachment of the PEG linkerl#7 and its subsequent attachment to the
sepharose bead, a diamino PEG linker was requseltiefmer.3).

0]
N\ _CI
5~

O
o]
0
o) o) \ /O/
H‘{' \/\]‘6OH 0 \\S\({’O\/\]‘O/S\\o
| o]

6

148

(i) | NaN,

0 (i)
HzN/\,{/ \/+NH2 - NS/\/{O\/i\Ng
5
5
150
149

Scheme 7.3Synthesis of diamino PEG6 link@0, (i) NEts, DMAP, DCM, 0 °Crt,
overnight, 94% (ii) CHCN, reflux, 48 hrs, 54% (iii) Pt§) H2, MeOH, 48 hrs, 82%.

Tosylation of hexaethylene glycol48) followed by nucleophilic subgtition of the
resulting product allowed for the formation of the diazido PEG6 linkd®)( The
presence of compourt¥#9was determined from the IR spectrum with the presence of
the characteristic azide peak at 2106'che azide was then reduced to framary
amine, using Adams catalyst, affording the diamino PEGS6 lirl&) (n an 82% yield.

With the linker now prepared, it was possible to attempt the reductive amination with
147.

Dou et al reported the substitution of an aldehyde, by means of redwennination,

using a diamino PEG linkéf® This method was attempted but a complex mixture was
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obtained. As a re#t) the diamino PEG6 linker was then reacted wdiktert-butyl
dicarbonateg(Boc), to give the mono protected PEG6 linker. The reductive amination
with 147 was subsequently attempted. Again, the desired aminated product was not
formed. Instead, what was sdrved was the reduction of the aldehyde to the primary
alcohol151 (Figure 7.7).

T T

K/N O k/N O

reduction
.

147 151

S/ S/

O HO
Figure 7.7. Reduction ofl47to 151

Figure 7.8 shows the'H NMR spectra forl47 and 151 The absence of the aldehyde
peak at 9.82 ppm arttie presence of a methylene peak at 4.66 ppm are indicative of a
reduction having occurred. The presence of the alcohol was also determined by mass
spectrometry. An ionized product of mass 413.1505 m/z was detected which is
indicative of the protonated alool product. From th&C NMR spectrum it was clear

that the aldehydtunctional group was no longeresent with the absence of the peak at
181.1 ppm which is characteristic for the aldehyde carbon. Also HSQC experiments
showed a correlation between thethylene'H signal at 4.66 ppm and th&C signal at

58.7 ppm. The chemical shift of this peak indicates the presence of a methylene group

beside an elctron withdrawing oxygen atom.
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Figure 7.8 The'H NMR spectra ofl47 (blue) andl51 (red).

In order to determine whether the problem lay with the aldehi«i@ Or the diamino
PEGS6 linker 150 a reductive amination was attempted usid@and a simpler amine,
propanl-amine. Thisreactionsuccessfully led to the amindteroduct152 in a56%

yield (Scheme7.4), and suggested that the problem lay with compdi&ta

147 3 152 \\\

Scheme 7.4Synthesis of compountb2, (i) NaBHs, MeOH, 3 hrs, 56%.

An alternative synthetic approach was taken involving the use of asR& linker,
PEG3. In addition, a different protection strategy was employed. Hence, only one of the
azide moieties of the diazido PEG3 linker, which was synthesised as for conigi9,nd
was selectively transformed into an amid&4) using a Staudingeeduction Scheme

7.5.19The reaction mechanism for this transformation is shown bedaWwsme7.6)
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(@)
\ LO S
\ 1 3 3
/©/ \O ’ ° ( ) " 2N
153

(i) | PPh,

(0]
HZN/\/l' \/\]‘N3

2
154

Scheme 7.5 Staudingereduction, (i)NaNs, CHsCN, reflux, 48 hrs80% (ii) 1 M HCI,
Et.O, EtOAc, 99%.
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o) o Na o) O_N
Ng NESN —_— N3 N SN®
2 \,«PPhS

Scheme7.6. The reaction mechanism for the Staudinger reduction of comhBid
give compound 54

The pesence of the mono amino PEG3 wasfirmed by both HRVMS and IR, where

the characteristic azide peak was observed at 2189rcthe IR spectrum.

With 154 successfully synthesised, linking this compound 4@ was then performed
via a reductive amination using the same conditions #&srdaeThis resulted in the
successful isolation and characterisation of the desired aminated pidghidch a 76%
yield (Scheme 7.Y. The IR spectrum indicated the presencé&%8 with peaks at 2111
and 1607 cm, characteristic for an azide and an amidspectively. Also*C NMR
spectroscopy highlighted the presence of thedtéup with a quartet having a coupling
constant value of 268 Hz found at 124.6 ppm. From'th&IMR it was clear that the
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formation of 155 had occurred with the presence of tivegket at 3.94 ppm indicating
the presence of the methylene group adjacent to the arlesithdrawing secondary

amine.

147

155 \7(
o

Scheme 7.7Synthesis ofl55 (i) NaBHi, MeOH, 3 hrs, 76%.

The presence of the azide moiety not oallpwed for the effective linkage df54 to

147, it also upon reduction, gave access to the free amine required toldifstchthe
sepharose bead. A Staudinger reduction was again utilised to convert the terminal azide
into the primary aminéScheme 7.8 This gavel56in a 43% yield. The absence of the
azide peak in the IR spectrum, as well as the presence ofkhstiétch at 3420 cth

and the NH bend at 1640 crhverified the reduction of the azide to the amine was
successful’>C NMR spectroscopyndicated the presence of the trifluoromethyl phenyl
group with the quartets at 1253« 3.0 Hz), 123.5J = 268.7 Hz) and 120.1 & 32.3

Hz).
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S
156 NH
(@]
[\S]
H,N

Scheme 7.8Synthesis olLl56, (i) 1 M HCI, ExO, EtOAc,1h 0 °C themt, ovenight
43%.

Due to the presence of the terminal carboxylic a@@,did not require additional
functionalization, prior to the attachment of the PEG3 linker. Compdis®dwas
attached to/9 using HOBt and TBTU. This gavEs7in a 96% vyield. The azide was

then converted to the free amine, using the Staudinger reduction as before, to yield

compoundl58(Scheme 7.9
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79

157

N NH
OH 3%/\(4’\/

(ii) | PPh,

158

Scheme 7.9Synthesis ofl57and158 (i) HOBt, TBTU, NEg, DMF, rt, overnight,
96% (ii) 1 M HCI, EtO, EtOAc,0 °C themt, overnight, 25%.

Again the absence of the azide peak in the IR spectrum and the presence ¢l the N
stretch at 3373 crhand the NH bend at 1643 crhindicated the reduction of the azide

to the amide was successful. The presence of theotoitoethyl phenyl group was
supported bythe presence of the quartets at 126.4 pppm 8.3 Hz), 124.6 ppmI(=
270.0 Hz) and 11.0 ppnd € 32.5 Hz) in thé*C NMR spectrum.
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7.1.3 Immobilization of 156and 158onto the sepharose beads

With the PEG3 linker attaeldl to the active compounds, they were next immobilized

onto the sepharose bead. The bead in question was a cyanogen activated sepharose anc
was commercially available as the activated derivative from Sigma Aldrich.
Compounds156 and 158 were then attachetb the sepharose bead as shown in
(Scheme 7.1

S)
—O0
sepharose bead
—OH
CNBr
@
NH,
' ~ 0—=N NH,R p—© z
Cyanogen activated — 27 o HN—R
sepharose bead —OH —OH
Cyanate ester Isourea deriivative
(very reative)
—O0 NH,R —O0 /R
>=NH — 2 = >=N
—O0 —O0

Cyclic imidocarbonate Substituted imidocarbonate

(slightly reactive)

NH,R = 156, 158
Scheme 7.10lmmobilisation ofl56and158onto the sepharose bead.

The aqueous washesptained by flushing the affinity column with three column

volumes of distilled waterwere extracted with DCM. This was to determine the

amounts of unboundli56 and 158 and thus the amount 466 and 158 immobilised on
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the bead. The organic DCM layer was dried, concentrated and analysed by NMR
spectroscopyor the presence df56 or 158 The affinity column was also washed with
MeOH to ensure the removal of any excess unbdibland 158 The MeOH wash

was also concentrated and analysed by N8y@iBctroscopy. The resultant residues, from

the extractedagueous washes and the MeOH wasltesitaned both156 and 158
respectively, albeit in small amounfBable 7.1 highlights the amount of recovered
unbound compound found in the agueous and organic washes and the percentage of
compound immobilized on the bead.

Compound Starting agueous MeOH amount %
amount (mg) washes  wash (mg) immobilized compound
(mg) (mg) immobilized
156 23 4 1 18 78
158 20 1 3 16 80

Table 7.1 Percentage of compouniiS6and158immobilized on &pharose bead.

Analysis of the various washes indicated that immobilization lcadroed. Although a
number of publications do not report a method for verifying immobilization, other
reports alluded to the use of certain tests for verificafi®ii! In any case, we wanted to
further test the immobilization process.

Sepharose beads are commonly used for the immobilization of peffiddw process

of attaching peptides to the bead is similar to the oneridedcabove. However, to
verify that the peptides have been immobilized, amino acid analysis is perféfined.
This involves cleaving the bound molecule by means of hydrolysis and analysing the
remaining residue. As this would be destructive to the ligand a different strategy was

chosen.

McMahonet al reported that the immobilizatiamf a substance onto the sepharose bead
was verified by means of an observed colour cha?fgas 156 and 158 were both

colourless oils, no such colour chavgas expected and the beads remainbkitie.

To counteracthis problem, a coloured derivative was synthesised to test the efficiency
of the immobilization process. The glucose uptake assay uncovered a derdative,
which was active, but less active th&nCompound42, which contains gara nitro
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group insted of thepara CFs found in4, was an orange solid and it was hypothesised
that its attachment to the sepharose bead would result in a colour change.
Immobilization of 42 would leave the beads orange allowing verification of the

immobilization protocot8

7.1.4 Synthesis ofa coloured derivative of 158.

The previous synthetic approaches used to aft&dto the active derivatived,and79,
could not be used for the functionalizatiord@ As nitro groups are readily reded to
the corresponding amines, formylation4# followed by a reductive amination could

result in the reduction of the nitro group. Therefore, an alternative route was needed.

The attempted synthesis of tl@-bead conjugate is shown fcheme 7.11 This
involved the formylation of74 using the conditions previously described. The PEG
linker was then attached to the formylated ester derivathé®) (via a reductive
amination to give compountb0. This was then deprotected using base catalysed ester
hydrolysis revealing the carboxylic acidlgl), which was verified by!H NMR
spectroscopylue to the absence of the methyl ester peak and by IR spectroscopy where
the peak at 2111 chis indicative of the presence of an azide. Due to the presence of
the secadary amine however, the acidic work up resulted in the formation of a salt,
which was evident as the product was not found in the various organic washes but was
recovered from the aqueous layer. The product was carried forward to the next reaction
and anattempted coupling t83 using HOBt and TBTU was performed. A complex
mixture was obtained however, ah@2 was not isolated. This approach was therefore

abandoned.
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Scheme 7.11Synthesis o#12-PEG3 linkerl62(i) Tin(IV) chloridg DCM, Ny, rt, 1 hrs,
56% (ii) NaBH:;, MeOH, rt, 3 hrs, 58% (iii) KOH, EtOH, reflux, 2 hrs, quant. (iv)
HOBt, TBTU, NE&, DMF, N, rt, overnight, product not isolated.

As it was hoped to verify the immobilization of the compounds to the bead using a
coloured compound with a similar structuredtor 79, the nitroderivativeof 79 was
synthesised. It was hoped that the ndesivativeof 79 would allow easy coupling to

the PEG linker. The synthetic route for this approach is outlin&tieme 7.121-(4-
Nitrophenyl)piperazine was coupled to mono methylazelate using HOBt and TBTU to
give 163 The ester was then hydrolysed to the acid using base catalysed ester

hydrolysis. This gavel64 in a 79% vyield. The Staudinger produd64, was then
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attachedvia an amide bond to givE65 The amide product was then transformed to the
azide as before using the Staudinger reduction. This afforded the orange amino
compoundl66 (Scheme 7.1p This method did not require the use of a reducing agent
and as a result theara nitro group remained intact. The synthesis 166 was
confirmed by IR spectroscopy firstly by the absence of the azide peak but also due to
the presence of the-N stretch at 3389 cthand the NH bend at 1631 crh The
presence of thparanitro graup was also evident form the IR spectrum due to the bands
at 1597 crit and 1321 cm. 'H NMR spectroscopyconfirmed the presence of the
phenyl group with the two doublets at 8.14 and 7.02 ppm, which are indicative of the

protonsortho andmetato the pipeazine ring.

ARG 6 WN JOWN

163 164 5 o

OH

(iii)

(N0 PPh, N0

(iv)

5 O 5 0}
166 165
HN} HN}
) L
S NH, SN

Scheme 7.12Synthesis 066 (i) HOBt, TBTU, NEg, DMF, rt, overnight, 81% (ii)
KOH, EtOH, reflux, 4 hrs, 79% (iii)54, HOBt, TBTU, NEt, DMF, rt, overnight, 94%
(iv) 1 M HCI, ERO, EtOAC, rt, overnight, 13%.

With a coloured PEG linked derivative now obtained, the next step was to attach the

166-PEGS3 construct to the sepharose bead as before. As with the previous examples, the
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various organic and aqueous washes contained only small amounts of theTajaad.
7.2shows the percentage of ligand immobilized onto the sepharose bead.

Compound Starting agueous MeOH amount %
amount  wash (mg) wash (mg) immobilized compound
(mg) (mg) immobilized

166 20 2 4 14 70

Table 7.2 Percentage of compould@é6immobilized on he sepharose bead.

A notable observation whelt6 was immobilized on the bead was the distinct orange
colour of the bead. After several agueous and organic washes, the orange colour
remained. This indicated tha66 was immobilized on the sepharose begidire 7.9).

As a result we were satisfied that the protocol for the immobilization of active
compounds was successful and that4tend 79 affinity columns were ready for use.

The identification of the unknown protein target using the immobilized comgoamd

the procedure described by Kosatal. is currently orgoing’’

Figure 7.9 Colour comparison of compound$8and166immohlized onto the

Sepharose beads.
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7.2 Conclusion

The glucose uptake assay allowed for the identification of the functional groups
requiredto evoke a biological response. The glucose uptake assay also allowed for the
emergence of a secondary protein target as the glucose uptake assay activity was
independent of RBP4. To work towards identifying this unknown target, the method
described by Ksaka et al was employed. This involved attaching the active
compoundst and79to an affinity column where the subsequently bound proteins could

be analysed using mass spectrometry.

To attach4 and79to the sepharose bead, it was first necessary tchadt® EG linker to

both compounds. Compourddwas functionalised at the C2 position of the thiophene
ring as the glucose uptake assay revealed that changes to the thiophene were tolerated.
A formyl group was introducedl47) so that the amino PEG linkerud be attached

via a reductive amination. A Staudinger reduction was performed on a diazido PEG3
linker (153 generating the mono amupsoduct154 which was attached tb47 via a
reductive amination. This gavib5in a 76% yield. A Staudinger reductiorasgvagain

used to convert the remaining azide into the primary amine d@hsolated in a 43%

yield. A similar synthetic approach was applied when attaching the PEG3 link8r to
however as79 contained a carboxylic acid the mono amino PEG linke4 was
attachedvia amide bond formation and was followed by a Staudinger reduction to give
158in a 25% yield. Both compounds were covalently attached to the sepharose bead.
The methodology for immobilising the ligasREG conjugates on the sepharose bead
was veified by the attachment of the coloured derivathé®. The use of the beads in

the identification of the secondary protein target is currentigang.
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8.Use of cyclodextrin in the aqueous
dissolution of compound4.
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8.1 Introduction

Modern methods for identifying biologically active compounds, such as high
throughput screening and combinatorial chemistry, can be effective at uncovering
pharmacologically active moleculé&However, these molecules can haaor drug

like properties such as poor water solubility, inadequate membrane permeability etc
These inadequacies canevent an active molecule from reaching its targetivo in

which case methods that aid in the delivery of a drug molecule to its target are needed.

Drug delivery is defined as the administration of a pharmaceutical compound in humans
or animals to ackve a therapeutic effet®® Many systems exist which can be
employed to deliver a drug to the necessary target, ranging from chemical modifications
(e.g. prodrugs, attachment of PHiBkers) to the encapsulation of drugs within a
suitable vehicle (e.g. liposomes, cyclodextriffisThese systems work by improving
certain lacklustre properties of a drug, such as premature metabolic degradation or poor
water solubility, allowing the drug to reach its target and evoke a pharmacological

responsé3®’

8.1.1 Prodrugs

Prodrugs are efivatives of drug molecules that are enzymatically and/or chemically
modified within the body resulting in the release of the active drug molecule, which can
then cause the necessary biological effédthey can be used to improve membrane
permeability, water solubility and associated toxicity, amongst other propgérfies.
example, administering the steroid Oestrone as the lysine ester containing prodrug
improves its water solubility. Hydlgsis of the prodrug then produces the active form

of the drug while the metabolite is the Amxic essential amino acid lysin€gheme

8.1).53
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0O

QOestrone
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—_—

NH,
Prodrug Lysine
N 07 “OH

Scheme8.1: Hydrolysis of the Oestrone prodrug to give Oestrone and I§3ine.

An alternative drug delivery system which improves water solubility is that using
cyclodextrins.

8.1.2 Cyclodextrins

Cyclodextrins (CD) improve the solubility, stability and bioavailability ofugr
moleailes through their ability toofm a noncovalent inclusion complex. This is
simply the complex formed when the fgues
the fihosto méftecule (e.g. CD).

Cyclodextrins are chemically formed by glucopyranose molecules being bound together
t hr o «lgfhbords. They are most commpnl ¢ o mp o s €d ) ¢ £CD)or(8p U
( -£D) glucose unitsHigure 8.1).%7
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0.78 nm

Figure 8.1.( A) St r u, c-tbu a-@Dl (B)#Appldximate geonec dimensions of
the three CO®’

Molecular polarity and the capability of the drug to fit within the hydrophobic cavity
detemines the binding observed within an inclusion compleB-CD is the CD of
choice for many pharmaceutical applications due to its ready aviylahild the
appropriate size of its cavity, allowing for the inclusion of the widest range of tfugs.
However its low aqueous solubility andsaciated nephrotoxicity limitsts use,
particularly when drugsare delivered parenteralf® For this reason, modified CDs

have been producddable 8.1).
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g: \_oR = =
” §§}’ -
OR
Cyclodextrin R=Hor
b-Cyclodextrin -H
2-Hydroxypropytb-cyclodextrin -CH,CHOHCHs
Sul f o b u tcyclbdextrin sodiumbsalt -(CH2)4sSOsNa’

Randomly meytldigxirim(RAMEDB b -CHs

Br a n c-tyelalexthin Glucosyl or maltosyl group

Table 8.1 Structures of modifie€D .18

Hydroxylpropytb-cyclodextrin (HPBCD) is one such modified CD that is used for the
encapsulation of drug molecul®8t has been used in parenteral, oral, transdermal, and
ocular drug delivery systems due to its high water solubility and lack of toxicity
vivo.1891%0 For example, the antidiabetic drug glimepiride, which has poor aqueous

solubility, was complexed with HPBCIFigure 8.2).3!
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Figure 8.2 Structures of glimepiride and HPBC!®!

The addition of HPBCD to an aqueous mixture of glimepiride greatly improved its
aqueous solubility due to the formation of an inclusion complex which allowed the drug

to reach its biological target.

It is the hydrophobic cavity and the hydrophilic exterior that enables these cyclic
oligosaccharides to accommodate a vast array of drugs allowing for an efficient delivery
systenf’1®? The driving force behind the formation of an inclusion complex is the
release of water molecules from the CD cavity. Electrostatic and hydrophobic
interactions, van der Waals forces anébdéhding all contribute to the inclusion of a
drug molecu¢ within the CD cavity® The delivery of a drug molecule, such as

glimepiride, to the appropriate target can occur as these interactions are relatively weak
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which makes it pssible for the free drug molecule and uncomplexed cyclodextrin to be

in equilibrium with the inclusion complex when in solutitf.

8.1.2.1Characterisation of an inclusion complex

Fomation of an inclusion complex can result in a change in physical and chemical
properties of the guest molecule. These changes can be monitored using a number of
techniques such as UWsible and NMR spectroscopy, to confirm complexation. These
changes caithen be used to evaluate certain characteristics of the complex, such as

improvements to water solubility and the stoichiometry of the complex.

For exampl e, mainthesW-vidibte speatrunt ohtlee g@est molecule within
the host molecule generally indicates the formation of an inclusion complex. This shift
can then be used to determine the agueous solubility and stoichiometry ofrtpiex

using the phassolubility diagram method of Higuchi and Connéts.

8.1.2.1.1 Phase solubility method

The phase solubility method, proposed by Higuichi and Connors in 1972, is the most
commonly used method for studying inclusion complexatiét? This method probes

the effect that a fAhosto molecule, e.g.
e.g. drug. It involves the addi on o f an excess of the #fg
containing increasing concentrations of
such as UV visible and fluorescence spectroscopy used to analyse the sbititions.
Results of the analysis gweé nf or mati on regarding the <c
molecule present in the phase solution. A phase solubility diagram is generated by
plotting the molartoomoé¢ecubdei arsedf ©Dme
against the total mol ar concentration of
phase due to the formation of the inclusion complex, on the vertical’3Xikere are

two main types of phase solubility diagrams, type A and type B, with subtypes found
within both Figure 8.3).

b-CD generally gives rise to B type diagrams, due to their poor water solubility,
whereas A type curves are seen for HPBCD containing complexes due to the soluble

nature of the comple}?
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[guest] t

[host] ———=
Figure 8.3 Types of phase solubility diagrart¥.

8.1.2.1.2 Type A phase solubility diagrams

Type A phase solubility diagramare commonly found when soluble inclusion
complexes are forméed? Three subtypes exist with Aype curves being associated

with a linear increase in host solubility with increasing guest concentfdfion.

Ap type diagrams, which show positive deviation from linearity at higher
concentrations, indicate éhpresence of higher order complexes such as 1:2 drug:CD
type complexe$?>1% Curves wheth negatively deviate from linearity are known as A

type curves?? Felton reports that the meaning of these types of curves are uncertain but
that one plausible explanation may be that at high concentrations of the host molecule,
selfassociation between the molecules occursygming the formation of inclusion

complexeg 319

8.1.2.1.3 Type B phase solubility diagrams

From Figure 8.3, the presence of B type curves is associated with the formation of
insoluble complexes. There are two subtypes, wittyfe curves denatg the presence
of insoluble complexes whileRurves are associated with the formation of complexes

with limited solubility.

193



Chapter 8 Cyclodextrin studies

Bs type curves first involve the formation of soluble complexes but at a certain point, A
(Figure 8.3), the solubility limit ofthis complex is reached. This is the sum of the
intrinsic solubility of the guest molecule and any guest molecule solubilized by the
formation of a host guest complex. As more host molecule is added, the formation of
additional complex occurs and precipita of this complex ensué® As long as solid

and undissolved guest molecule is present however, dissolution and complexation can
occur to keep the concentration of the guest oubdeconstant. This is evident from the
plateau observed in thesBype diagram Kigure 8.3). At point B, all of the guest
molecule has been consumed by the host and has been removed from the system by
precipitation of the insoluble comple¥igure 8.3).1°3 This results in the observed

decrease in guest molecule concentratfon.

A recent publication by de Araugt al described the use of a phase solubility diagram
to determine the effect that HPBCD had on the aqueous solubility of thepooowh
pyrimethamine (PYR) Rigure 8.4).3%° The CD was found to linearly increase the
aqueous dability of PYR with increasing concentration of CBidure 8.4). From this,
de Araujo was able to determine that the type of complex formed was aypé

complext®
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Figure 8.4. Structure of PYR and phase solubility diagram of artypie complex8®

8.1.2.1.4 Differential Scanning Calorimetry (DSC)

Calorimetry is a technique uséar measuring the thermal properties of a substance. It

is used to identify the relationship between temperature and specific properties of a
materiall®® DSC is a common calorimetric technique used and measures the difference

in the amount of heat needed to increase the temperature of a reference and sample as a
function of temperatureThe reference andample are maintained at the same
temperature, using a controlled temperature program, while the difference in the heat
flow needed to keep both at the same temperature is measured as a function of
temperature or tim&’ The change in the heat flow is attributed to the sample
undergoing a physical transformatitfi.For example, when a sample undergoes a
phase transition more or less heat will need to be applied to the sample to maintain both

the sample and reference at the same tempetdture.
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DSC has a number of applications including the analysis of proteins, lipids and
carbohydrates. The folding thermodynamics of nucleic acasatso be investigated

using this thermoanalyticéchnique'®® DSC can also be used to study andrabterise
Ahesutest 06 interactions such as the inclu
cavity of a suitable CI3’ One such example is the inclusiof the anthelmintic drud-
chloro-5-(1-naphthyloxyj2-(trifluoromethyl} 1H-benzimidazole (RCB20),  within
HPBCD. The below DSC curves highlight the differences in heat flow observed for
RCB20 and its associated inclusion compleigre 8.5).5’

Heat flow

®) r\
" Endo

[ < 60 °C 218 °C

(a) = T r——— i
ulii'lii S~ 184°C
0 N
e, e
ol N 100 200 300

RCB20 Temperature (°C)

Figure 8.5. Structure of RCB20 and DSC curves for (a) RCB20 (b) HPBCD and (c)
RCB20:HPBCD inclusion complé¥.

From the above diagram, the DSC curve for RCB20 has two characteristic endothermic
peaks at 107 °C and 184 °C which correspond to the melting and decomposition of the
compound, respectively. The broadakeat 60 °C is due to the loss of water from the

CD molecule while the sharp peak observed at 218 °C represents the decomposition of
HPBCD. When the DSC curves for RCB20 and HPBCD are compared to that of the
inclusion complex, it is evident that the endathic peaks corresponding to the melting

and decomposition of RCB20 are not present. This is a strong indication for the

formation of an inclusion complex.
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8.1.2.1.5 Scanning Electron Microscopy (SEM)

Primary electrons are generated from the extraction of eleditmmsa source and are
driven by an electron potential through a column under vactfithese electrons can
be manipulated int@inely focused beams and scanned across a samplsyistematic
fashion'®® A number of useful and interesting interactionssarivhen a beam of

primary electrons strike a sample surface.

Secondary electrons and backscattered electrons are the main signals used in SEM. The
composition of a sample, as well as its surface topography, affect the emission of these
signals which can baised to create an ima§¥. This technique can be used to
characterise the topography and morphology of CD inclusion compkxemany
inclusion complexes are morphologically distinct from the pagumest and host
molecules.This was the case as seen with the inclusion complex formed by-Rojas
Aguirre et al.®” There was an obvious difference in the morphologies betweefa)he
Afguest o (Mbhec@hest o mol dclthelpeysicalimixtaréi.e. P B CD
mixture prepared by grinding the guest molecule and therhokecule together in the
absence of water) ar{d) the inclusion complexFigure 8.6). As the morphology of the
inclusion complex is distinct from that of the other three, isupportive ofa new,

independent complex is forméd.
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Figure 8.6. SEM analysis oininclusion complexef0 kv) at 500 magnification®)
Afguest o (bhivh e s ud e NAHPBCD (g) IPleysical mixturdd) inclusion

complex®’

8.2 Improving the aqueous solubility of ompound 4 with the use of CDs

The role of compound as a possible amtiabetic drug waswedent from its ability to
evoke a pharmacological response in the glucose uptake assay and in mice. Further
animal experiments were considered involvithg however these required aqueous
solutions of the compound. Ashad previously proven to be highlysioluble in water
it therefore would not have been possible to adminidtels an aqueous solution.
Aqueous solubility was not only desirable for the considered animal experiments but it
is also an important ADME property for many drugs. (iogP). The ckulated logP
value for4 is 4.79and is very close to the upper limit ofieal logP value for an orally
adminstered drugas was suggested by Lipin§kiThe high logP value fo4 may
explain its low aqueous solubility. As a reswdt method for improving the aqueous
solubility of 4 was sought.
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The literature directed thimvestigationtowards theuse of CD as a way to improve
aqueous solubility. This was a viable approach nagnerous drugs, including
antidiabetic drugs, were complexed with various CDs to improve several properties,
such as aqueous solubility. A number of different CDs were availabbse use may

have improved the aqueous solubility of compodnd

U-CD is generally not used in the complexation of drug molecules due sméiksize

of its cavity which has been found to be of insufficient size for many di¥fga/hile

the size of the cavity f t-GDedetddred us from its use, it was the low aqueous
solubility and associated nephrotoxicity, reported by Cladllel , whi c h-CBxc | u
from our choices of CD. The modified CD, hydroxylprofsyCD (HPBCD) was
therefore chosen due to its lotexicity, excellent water solubility and ability to
complex a variety of drug$2¢’

The aim of this section of work was to prepare an aqueous 0.02 M solution of
compound4. Our first attempt involved the use of 20 eq of HPBCD however; this did
not result in the dissolution & The ug of DMSO as a csolvent was then considered

and an aqueous solvent system containing 50% DMSO was used with 1, 2, 5, 10 or 12
eq of HPBCD. DMSO was chosen due to its low toxicity, but also experimental studies
in the formation of inclusion complexes hasugggested that stable inclusion complexes

can be formed in the presence of DMS®.

The 50% aqueous DMSO solution containingetpof HPBCD was the only erthat
resulted in dissolution of the compound. The level of DMSO was considered too high
and hence our next aim was to reduce the volume of DMSO required. An aqueous
solvent system containing 10% DMSO and 12 eq of HPBCD was ghepared to
which was addedt. Unfortunately, precipitation oft occurred. Subsequently, the
number of HPBCD equivalents was increased from 12 to 18. Initial results were
promising however after one hour precipitation of a white solid occurred. Theenumb

of equivalents was then increased to 20. This resulted in the complete dissolution of
with a clear homogenous solution present after twenty four hbBatsy(9, Table 8.2).

We then further reduced the level of DMSO andaameous solution containing/b
DMSO with 20 eq of HPBCD was prepared which resulted in the complete dissolution

of 4. From Figure 8.7, it is clear that the improved aqueous solubility is due to the
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presence of HPBCD. Compourdtd could not be dissolved innaaqueous solution
containings% DMSO without the use of HPBC[Figure 8.7 (b)).

The percentage of DMSO e was further decreased from 5% #6.2This also gave
rise to an aqueous solution 4f however; after 18 days the formation of a white
precipitate occurred. The combination 0% 5DMSO with twenty equivalents of
HPBCD was considered optimdrftry 10, Table8.2).

Figure 8.7. (a) Compoundt in 5% DMSO/HO solution without HPBCD (b)
Compound4 in 5% DMSO/HO solution with HPBCD.
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Entry % DMSO HPBCD (eq) Solubility
1 0 20 Insoluble
2 50 1 Insoluble
3 50 2 Insoluble
4 50 5 Insoluble
5 50 10 Insoluble
6 50 12 Soluble
7 10 12 Insoluble
8 10 18 Insoluble
9 10 20 Soluble
10 5 20 Soluble
11 2 20 Insoluble*

Table 8.2 Conditions needed for the preparation of an aquédsM solution ofl.

*Initially appeared soluble but precipitate appeared after eighteen days.

We believe that the preparation of an aqueous solutichwdés due, in part, to the
formation of an inclusion complex. To characterise this inclusion complexmber of
analytical techniqgues were employed, namelyphase solubility diagram, NMR

spectroscopy, DSC and SEM.

8.2.1 Phase Solubility Diagram

The previously described method by Higuichi and Conrssstion 81.21.1, was used
to elucidate the effecof HPBCD on the aqueous solubility & This is a widely
accepted method for investigating the effects of CD on drug solubility, with aypa
complex being the most common complex fornt&d.

To produce the phassmlubility diagram, a standard curve $fvas required and this
was generated using UVsible spectroscopy. A series sblutions of compound in
MeOHwere prepared and the UV absorption spectrum of each sample was oltadined a
the data analysed at 264 ( mx 0f 4). The absorbance values were then plotted against

the varying concentrations df(Figure 5.8).
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Figure 8.8 Standard curve of generatedn MeOH using U\tvis spectroscopy

To produce the phase solubility diagram, a fivefold molar exceds(o¢. 5.0 mM)
relative to the highest concentration of HPBCD, was added to aqueous solutions
containing increasing concentrations of HPBCD (0.2 mM, 0.4 mM, 0.6 mM, 0.8 mM,
1.0 mM). These mixtures were stirred for 72 hours at room temperature before

analygs 18

After this time, the excess, uncomplexed, insolublas removed by filtration and the
different solutions were analysed using Wiible spectroscopy. The below UV spectra
(Figure 8.9 show an increase in the absorbance at 264 nm with increasing
concentrations of HPBCD. This indicates an increase in the concentratdbm dhe
agueous solutions with increasing concentrations of HPBCD, which we believe is due to

the formation d an inclusion complex.
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Figure 8.9. Absorbances of compourd measured at 264 nm, in aqueous soulutions

containing varying concentrations of HPBCD.

The above spectrurshows thatl.0 mM HPBCD exhibits only minimal absorption at
264 nm. As a result, theands at 264 nm for theHPBCD complex would be expected
to result significantly fromthe absorption o# within the inclusion complex. All

measurements made at 264 nm for #h&lPBCD complex were corrected by

subtracting the corresponding absorption ltesgifrom HPBCD.

The standard curve was then used to calculate the concentradiopre$ent in each
agueous solution. The calculated concentrations4ofvere plotted against the
concentrations of HPBCD used and a phase solubility diagram was ger{€igted
8.10.
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Figure 8.10 Phase solubility diagranthe conc. o#t (x-axis) dissolved in aqueous
solutions, due to the presence of HPBCD and calculated using the standard curve
(Figure 8.9), are plotted against the various concentrations of HPB&&din each

solution (yaxis).

From the above diagram, it is clear that the solubility4dahcreases linearly with

increasing concentrations of HPBCD. This is a feature of atype complex, which

indicates the presence of a water soluble complex. Thiisntist common complex
observed for drug:CD interactio¥s. The slope, of value 0.01i# this case is less than
one and can indicate the prase of a complex with a 1:1 stoichiomet?y.

8.2.1.1Calculation of the Stability Constant, K

The previously described weak molecular interactions, such as van der Waals forces
which are nvolved in the formation of the inclusion complex allow free drug molecules
in solution to be in rapid equilibrium with drug molecules bound in the CD cavity
(Equation 8.1).188

K;.
D + CD ‘—1;‘ D/CD Complex
Equation 8.1.

Equation 8.1 shows the observed equilibrium between unbound drug (D) and
cyclodextrin (CD) and the inclusion complex (D/CD Complex), withy ke stability

constant of an inclusion complex with a 1:1 stadenetry®® The size of K. is an
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indication of the strength of the interaction between drug and CD. The largei.the K
value, the stronger the interaction between the dnagCD in the inclusion complex. A

large Ki:1 value indicates the equilibrium lies in favour of the inclusion complex.
Conversely a small K:1value indicates a weak interaction between drug and CD, with

equilibrium lying in favour of the free drug®

K11 can be calculated according tBquation 8.2, where So is the intrinsic water
solubility of the drug and the slope is the slope of the line generated from the phase
solubility diagram'8®

Slope

e So(1 - Slope)

Equation 8.2

The intrinsic water solubility was calculated by stirridgn water for seventy two
hours. The exces$ was removed and the UV absorption spectrum of the sample was
obtained and the dankx®f 4)aThislgagve andntriesic wakeb 4 n
solubil ity ofEquatos 22 Ki.Mwvas ddlsulatedyto be 34755 M
Upadhyeet al reported a binding constant of 21137*Mwhich indicated a strong
bonding ineraction between the drug molecule THC and a Eiyufe 8.11).1%°
Upadhye also gave an example of a drug molecule which formed weak, unstable
interactions within a CD molecule. In this case the molecule, -H3C a prodrug
derivative of the previously mentionddHC, was found to have aiKvalue was 562.48
M1.1%0 The large stability constant value obtained 4oindicates a strong interaction
between the molecule and HPBCD, with the equilibrium lying in favour of the inclusion

complex.

THC THC-HS

Figure 8.11 Structure othe drug THC and thester derivative THG4S.2°
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8.2.2 Non-inclusion complex

The formation of a complex with a 1:1 stoichiometry may appear somewhat
contradictory to the previously prepared aquesalsitions of4 that required twenty
equivaknts and not one equivalent of HPBCD. R&jamiirre et al explained that
although a phase solubility diagram can indicate the presence of a complex with a 1:1
stoichiometry, the level of complexation can sometimes be low and excess CD is
needed to fully @solve the required concentration of dfign addition, the use of
excess amounts of CD can achieve solubilisation of drug molecules by rieditor of

nontinclusion complexe$>

Gabelicaet al reported that CD can form both inclusion and-imatusion complexes

with cetain molecules and that both complexes can exist simultaneously in agueous
solutions?®! These norinclusion complexes arise due to the formation of aggregates
consisting of two or more CD molecules and drug/CD complexes. The water soluble
aggregates can then function to further solubilise lipophilic drugs through the formation
of a noninclusion complex by creating a hydrophobic environment in which to
accommodate the drug. Alternatively, Loftssstral suggested that solubilisation may

also occur through the formation of a micelle like structlfte.

The formation of these neinclusion complexes may apply to the preparation of the
0.02 M 4 5% aqueous DMSO solution. As was reported by Loftsson, these non
inclusion complexes occur when a high concentration of drug is present. Therefore, the
preparation of a 0.02 M solution 4fmay have required 20 eq of BED to allow the
formation of,not only the 1:1 inclusion complex but also, the 4rmiusion complex

formed by the presence of a Cixlusion complex aggregat®’.

8.2.3 NMR analysis

IH NMR analysis was used to investigate the binding médewaithin HPBCD. The
encapsulation of, either by one molecule of HPBCD or by the formed aggregates, can

be seen by changes in the IHDNMR spectra o for the inclusion complex.

Full characterisation of thé/HPBCD complex in RO was not possiblesa& could not
be solubilised in this solvent. Therefore, a 5%BCD:0OD solution was prepared in
which both4 and the complex were soluble. This gave the spectra below where the
characteristic peaks dfwere observed within the CD complexidgure 8.12 (b)), blue
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spectrum). A shift in the resonance of a number of pealsveds observed and the
difference in chemical shift is shown ifgble 8.3). This indicates tha#t is in a
different environment when it is present in the CD inclusion or-inolusion
conplexes. These small changes in chemical shifts are common, withARpjase et

al. reporting changes in chemical shifts ranging from 0.001 ppm to 0.012 ppm for the

previously mentioned RCB20 molecile.

The information on the spatial proximity 8fin the CD complexes was determined by
means of tweadimensional rotating frame NOE spectroscopy (ROESM))ich were
performed byDr. Paidraig McLoughlinThe 2D ROESY spectrum was also obtained in
the 5% DO/CD:0D solution with the contour plot revealing an interaction between H1,
H2, H3, H4, H5 and H12 of with the internal protons Ha and Hb of HPBGkhich
were assigned by Rojasguirre et al. (Figure 8.13.% This gives strong evidence
towards the presence 4fwithin the cavity of HPBCD, further supporting therfation

of an inclusion complex
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Figure 8.12 H NMR spectra300 MHz) in 5% DO/CDs0D of (a)4 (red) and the
inclusion complex (blue) and (b) a magnified view of the spectrum.

~

Assignment @) a* (Hre O0* (Com al
H2, H4 7.0904 7.0784 0.0120
H6 2.5184 2.5078 0.0106
H8 2.9384 2.9289 0.0095
H10 6.8687 6.8621 0.0066
H11 6.9540 6.9465 0.0075
Table 5.2: Chemical shifts for fred and complexed. * G, pp m
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Figure 8.13 (a) ROESY spectim of inclusion complex betweenand HPBCD(b)
ROESY spectrum expansion showing the crosspeaks between the aromatic signals of

the inclusion complex betwedrnand HPBCD protons.
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8.2.4 Differential Scanning Calorimetry (DSC) analysis

The thermoanalytical techgue, DSC, was used to determine the presence of the
inclusion complex. The thermal behaviour of the inclusion complex was compared to
that of4, HPBCD and a physical mixture dfand HPBCD. A physical mixture simply
contained4 and HPBCD in the same ratias the inclusion complex and was prepared
by grinding the two in the absence of solvent. An inclusion complex would not form

under these conditions.

The DSC curveFigure 8.14(a), for 4 shows a sharp endothermic peak at 94 °C, which
is characteristic ofhe melting point ofl. Figure 8.14(b), the curve for HPBCD, is in
accordance with the literature and shows two broad endotherms ranging #bd3 25
°C, due to the loss of water, and 2840 °C, due to decomposition of the &%’ The
physical mixture shows the characteristic peakbath 4 and HPBCD, with the sharp
peak at 94 °C due to the meltingdéand the broad endotherm ranging from1ZB °C
showing the loss of water from the HPBCD cavi&gQre 8.14(c)). This indicates the
absence of any interaction betwekeand HPBCY!

The inclusion complextigure 8.14(d), has a broad endotherm at 283 °C due to the

loss of water. Work by Roja&guirre has suggested that this the loss of water
molecules which are bound to theH groups on the exterior of the CD and not the loss
of water from the cavit§’ The sharpendothermic peak observed at 94 °C, in the DSC
curve of 4 and the physical mixture is notably absent from the DSC curve of the
inclusion complex. This is a strong indication of the presence of a complex, whether it
is an inclusion or noinclusion complg, as the presence dfwithin either of these

complexes would cause a change to its physicochemical progétties.
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Figure 8.14.DSC curves: (a3 (b) HPBCD (c) Physical mixture (d) Inclusion complex.

8.2.5 Scanning Electron Microscopy (SEM)

SEM analysis was used to investigate and compare the shape and surface morphologies
of HPBCD, 4, the physical mixture and the inclusion complEigure 8.15shows the

SEM images for HPBCD4, the physical mixture and the inclusion complex at 500
magnifications. HPBCD and show distinct morphologies, withappearing to adopt a
cluster like arrangement in the micrograph. The SEM image of the physidairen

(Figure 8.15 (c)) has a morphology comparable to that of bétand HPBCD. The
characteristic clusters observed in the micrograph ahd the smooth morphology of
HPBCD can be seen. This c-amebeéoi ndTheaticv
morphology of the inclusion complex is clearly different from that of the physical
mixture and4. Figure 8.15 (d), the inclusion complex, shows smooth amorphous

solid, without the cluster like structures observed in the SEM imadeTdfis change in
morphology could be due to the formation of an inclusion complex (or the non
inclusion complex previously described). These changes in morph®lagiesimilar to

that observed by Rojasguirre et al,, described irFigure 8.6, Section 81.2.1.5%7

211



Chapter 8 Cyclodextrin studies

’ 100um L s 100pm :

Figure 8.15 SEM imageg20 kV) of (a) HPBCD (b) 4 (c) Physical mixture ot and
HPBCD (d) Inclusioncomplexbetweert and HPBCDat 500 x magnification

8.2.6 Glucose uptake assay

The activity of the4/HPBCD complex was investigated in the glucose uptake assay.
This was to elucidate whether the comptexaof 4 would hinder its ability to evoke a
biological response. As the stability constant was large; €K34755 MY), it was

possible that the concentration of free drug would be too low to evoke a response.

The assay was performed as before, usthg leoMompound. The results, shown in
Figure 8.16 indicate that the binding @fin the HPBCD did not affect the compounds
ability to stimulate glucose uptake. Although the stability constant was large, indicating
the presence of strong interactiamshin the inclusion complex, it is still plausible fér

to become disassociated from the CD and reach the target protein. Alse; tredué is

only applicable fod within the inclusion complex and cannot be applied to describe the
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interactions of4 within the noninclusion complex. It is therefore possible that

encapsulated by the solubilizing aggregates was able to act on the target protein.

15000 -
e -
]
o 10000+
| .
o —_
f=a]
E
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Q’@‘?. 4 4 in

Figure 8.16.Glucose uptake assay results44iPBCD complex10 uM 4 used with
20 eq of HPBCDC2C12 musle cels incubated overnight at 37 °Cells then exposed
to 3H deoxy2-glucose for 10 mins and a scintillation count of the C2C12 muscle cells

performed.

8.3 Conclusion

An efficient and convenient method for improving the aqueous solubilit4 whs
identified with the use of the excipient HPBCD. The formation 4HPBCD
complexes, such as a 1:1 inclusion complex, was determined by means of a phase
solubility diagram. The presence of Amlusion complexes was also suggested as a

means to account for therdge excess of HPBCD needed to solubitise

These complexes were characterised using analygclhiques such as SEM and DSC,
while NMR spectroscopy allowed for the interaction to be investigated at an atomic
level. Encouragingly each method pointedtite same conclusion; compoudAdwas

present in an aqueous solution dugheformation of a CD complex.
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9.1 Conclusion

The initial aim of this project was to identify an RBPZR inhibitor that also acted as

an antidiabeic agent. Compoursldl, 2 and 3 proved to be highly active in the SPR
assay confirmingtheir ability to inhibit the formation of the RBRATR complex.
Animal studies proved thahese compoundsvere successful in controlling both
glucose and insulin levelm diabetic mice.An additional important resultwas the
reduced weight gain observed with the use of compdund these mice. As many
current antidiabetic drugs have the unwanted side effect of weight gain, a compound
that can act as an insulin substgtutvhile reducing weight gain would be highly

beneficial to the diabetic patient.

Due to the encouraging results obtain from the SPR assay and the animal studies, a
initial SAR study was performed on compouhdhich led to the design and synthesis

of eight compounds4-11, which were tested in a number of assays such as the
fluorometric binding assay and the glucose uptake assay. The dmpidered to be

more active than botekompoundl and the retinoid derivative Fen at inhibiting the
formation of the RB4TTR complex in the SPR assay.

Amide bond formation was the key final step in the synthesis of compband the
derivatives ofthis compound. The coupling reagents HOBt and TBTU were used in

most cases with the amide product generally isolated irptadue yields.

The synthesis of a number of arylpiperazines, required to investigate the importance of
this functional group, involved the use of a number of different methods. Metal
catalysed reactions were used in some cases but MW assigtedeye acess to the

same arylpiperazines in an improved yield and reduced reaction time. MW assisted
synthesis was not useful in the synthesis of arylpiperazines which did not contain an
electron withdrawing group (e.d35 and 36, p-CHz and p-tBu respectively). Ta
cyclocondensation of substituted anilines and bis(@roethyl)amine.HCI was used to

access these arylpiperazines. From the synthesis of arylpiperazines, it was clear that:
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1 MW synthesis was useful to access arylpiperazines containing electron

withdrawing groupsandimproved yields and reduced reaction times

1 the cyclocondensation approach was useful to access arylpiperazines that did not

contain an electron withdrawing group

The synthesis of compoun@sand 3 and the derivatives of these compounds Ived

the synthesis of a number of substitutedapgro| e s . S-ketorsttilgs tandt e d
hydrazines were used in the synthesis of the substituted pyrazoles required for the
synthesis of thalerivatives ofcompound2. b-Ketoesters and substituted hydrazines
were used in the synthesis of the substitutedmies necessary for the synthesis of the
derivatives ofcompound3. MW irradiation again proved to be useful, with a novel
method for the synthesis of the pyrazoles, compo@idsd96, formed in good yields

and short reaction times.

Compoundsl, 2 and3 and he derivatives of theseompound were fully characterised
using methods such as NMR spectroscopy, mass spectrometry, IR spectroscopy and in
some cases CHN micro analysis.

A SAR study was subsequently performed on compodin determine the key
functional groups responsible for evoking such a biological response. A number of

conclusons were drawn from this study:
1 changes to the-@-trifluoromethyl)phenyl group are not tolerated
1 a piperazine ring is essential
1 an amide adonyl is required
1 the thioplene ring is not necessary for activity
1 the length of the moleculmayplay a vital role in ligand/protein interactions.

A loss or reduction of activity was the overall trend when changes were made to the
trifluoromethyl phenyl group, as was seen with coomms 1, 40, 47, or 67. This is
exemplified in the loss of activity observed fmsmpoundl compared to the activity
observed focompoundl10 when the Cl and N are removed from the aryl groups

may indicate that there is a very specific and sensitiveifg occurring. Changes to the

trifluoromethyl group, either changing its position on the aromatic ring or replacing it
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with alternative functional groups, led to a loss of activity. This implies that the CF

group may act in a mupurpose fashion:

1 Thesteric bulk of this group may impact on the compounds conformation when

in the protein active site resulting in an improved binding interaction.

1 The lipophilicity of a molecule is affected by the presence of a. CF
Lipophilicity is a key property for pereating cell membranes and hence a CF
may increase the amount of compound reaching the target protein.

1 The electronic properties of the fluorine atoms can affect the electron density of
the aromatic ring which in turn can affect the binding interactidran@ing the
electron density of the aromatic ring may have reduced the biological activity as
seen with42 and 73 for examplewhere a Ck group is replaced with p-NO>

and ap-NH: respectively.

Similarly, the role of the piperazine ring also proved ingnair as no changes to this
saturated heterocycle were tolerated. The piperazine carbonyl skeleton may serve to
position the molecule in a suitable orientation for binding, while the aryl nitrogen may

become involved in ionimteractions

A loss of activiy was observed when the carbonyl group was removed, implying that it
may function as an important hydrogen bond acceptor. This was seen with the

derivative70.

The role of the thiophene ring was found toumémportantand itis suggestethat itis

the kength of the molecule and not the presence of a terminal heterocycle that was
important for activity as was seen with compoub@ds62 and63. Increasing the length

of the molecule did not inhibit activity with compouB& (an extra CH in the alkyl

chain) proving to be as active abwith 56 (two extra CHHOs i n t healsal kyl
demonstrating a high level of activity. Significantlydrastic reduction ithe length of

the molecule did inhibit glucose uptake as was the case with compb8radsl 67.
When thel engt h of the molecule from theg ami
compound59, we did not observglucose uptakeThe exception to this however, is
compound6l, which remained active even thoutjie length of the molecule from the
amide carbonyl waserd u c e d t.oThis7sughests thedpresence of a specific and

sensitive bindingnteraction.
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It was possible to optimissompound4 and generate compounds with greater potency
with the knowledge that it was the length of the molecule and not the peestiac
terminal heterocycle that wasritical for biological activity. The heterocycle was
therefore replaced with different functional groups which led to the discovery of a
number of compounds, such &4 (terminal phenyl ringland compound81 (terminal

ester) which proved to be more active than compouhdsd4. The most prominent
discovery was the identification of compouidf, where theterminal carboxylic acid

hasthe ability to operate as a hydrogen bond donor and acceptor or as a source of ionic

interactions. This derivative proved to be the most active compound identified to date.

Compound4 was as active as its predecessor, compduma an animal model. More
importantly however were the results obtained with the use of compéundan
intervertion study. Here we saw that the use of compotineistored both glucose and

insulin sensitivity to normal levels

The information obtained from the SAR study allowed for the development of a
pharmacophore model. The developed model best represetisythanctional groups
requiredfor a molecule to act on the protein target and stimulate glucose uptake. The

final pharmacophore model had a ROC score of 0.877.

The glucose uptake assay allowed for the identification of the functional groups
required to evokea biological responselt also allowed for the emergence of a
secondary protein target as the glucose uptake activity was independent of TRBP4.
work towards identifying this unknown targéihe method described by Kosa&hal

was employed. This involdeattaching the active compoundsand 79 to an affinity

column where thesubsequent bound proteinsould be analysed using mass
spectrometryAs compoundg! and 79 are colourless, a coloured derivative, compound

166, with structural similarities to compad 79, was synthesised and attached to the
sepharose bead. The resultant colour change of the bead indicated the successful

attachment of compourtb6.

To attach4 and79to the gpharose bead was first necessary to attach a PEG linker to
both compounsl A hydrophilic linker was chosen as the bead conjugate was to be used
in an aqueous environment. Compouhdias functionalised at the C2 position of the

thiophene ring as the glucose uptake assay revealed that chatigeshiophene ring
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were tolerated A formyl group was introducedl4?) so that the amindPEG linker
could be attacheda a reductive amination. A Staudinger reduction was performed on a
diazido PEG3 linker1(53 generating the mono amiproduct154 which was attached

to 147via a redudve amination. This gaveompoundl55in a 76% yield. A Staudinger
reduction was again used to convert thmainingazide into the primary amine with
compoundl56isolated in a 43% yield. A similar synthetic approach was applied when
attaching the PEG3rker to79, however ag9 contained a carboxylic acithe mono
amino PEG linker, ampound154, was attachedby forming an amide bond andas
followed by a Staudinger reduction to give compo0B8in a 25% yield. lmmobilising

the ligandPEG conjugate orhe sepharose bead was verified by the attachment of the
coloured derivative, compountb6. The use of the beads in the identification of the

secondary protein target is currentlyg@oing.

Compound4 has recently showrby a colleague on our research tetonstimulate the
activity of the enzyme AMPK. The activation of AMPK has been proposed as a
possible mechanism of action for the antidiabetic drug metformin. Activation of this
enzyme has been shown to stimulate glucose uptake and decrease hepatic
glucon®genesis®*® Metformin is thought to activate AMPK through the inhibition of
mitochondrial respiration by acting &omplex . It is therefore possible that compound

4, and other compounds activetire glucose uptake assay, are stimulating the uptake of
glucose in muscles cells by acting on the mitochondrial enzyme Complex I. Further

experiments are required to confirm this as the secondary protein target.

A SAR study was subsequently performed loese two compounds with the compound
2 derivative, compound15 proving to be highly active in the glucose uptake assay. A

number of derivatives were synthesised and are awaiting biological testing.

The synthesis of these two structurally distinct compsumand their derivatives
involved the syt hesi s of a number of S -yehonittilest ut e
and hydrazinewere used in the synthesis of the substituted pyrazoles redairdte
synthesisof the compoun@ d e r i v a-Ketogsters and substituted hydrazines were

used in he synthesis of the substituted pyrazoles necessary for the synthesis of the
compound3 derivatives. MW irradiation again proved to be useful, with a novel method

for the synthesis of the pyrazoles, compoufitisand 96, formed in good yields and

short reatton times.
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Compound4 proved to be highly insoluble in aqueous solutions. Further animal studies,
which required aqueous solutions of compodnaere planned. As a result, a method

for solubilising compound in aqueous solutions was needed. The funetised CD,
HPBCD, was used and it was found that with twenty equivalents of the excipient, a 0.02
M 5% aqueousDMSO solution of compoundt could be prepared. Compouddwvas
solubiised due to the formation anclusion complex and neimclusion complexes.

The stoichiometry of the inclusion complex was found to be 1:1, compatiRBCD.

This was determined by means of a phase solubility diagram which demonstrated that
the solubility of compound increased linearly with increasing concentrations of
HPBCD anl indicated that the complex formed was antype complex. The phase
solubility diagram was also used to calculate the binding constantwKich was
determined to be 34755 M This indicated that a strong interaction was formed
between compound and he CD. Other analytical techniques, such as DSC, SEM and
NMR were all used in the analysis of the inclusion complex. Results from these all

confirmed the presence of a novel complex.

In conclusion, this project has seen the identification, synthesis stimjtef a number

of novel and highly active compounds with the potential to act as antidiabetic agents.

9.2 Future work

This project has identified several compounds with the potential to act as antidiabetic
agents. Future work will include the continuatioh the SAR study of the active
compounds and the biological evaluation of the compounds yet to be tested. This will
allow the generation of even more accurate pharmacophore models and improved lead
compounds. The optimization of compounds so as to impiwie druglikeness may

also be necessary.

Confirming the identity of the secondary protein target is required. This may involve the
use of the Kosaka method where active compounds have been immobilized on an
affinity column. The affinity column is thensaed to bind and identify the secondary
protein target. Subsequent assay work, including possible assay development, will be

needed to confirm the identity of the secondary protein target.
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10.1 Instrumentation

Reagents and aetants were purchased from Aldrich or Alfa Aesar and used as received
unless otherwise stated. DCM was distilled over €aAd THF over Na wire and

benzophenone. Anhydrous DMF was purchased from Sigma Aldrich

All NMR spectra were recorded on a Bruker Aga spectrometer at a probe
temperature of 25 °C, unless otherwise stated, operating at 300 MHz tét tiueleus

and 75 MHz for théC nucleus. Proton and carbon signals were assigned with the aid
of 2D NMR experiments (COSY, HSQC) and DEPT experimfmtaovel compounds.

2D ROESY experiments were carried out inODon a Bruker Advance 500
spectrometer at 500 MHz (Teagasc). High temperature NMR spectroscopy experiments
were carried out by heating the probe. Spectra were recorded iy GI€¥s otherwes

stated, with MeSi used as internal standard. Chemical shifts are given in ppm
downfield form the internal standard and coupling constants are given HGHRMR

spectra were recorded with complete proton decoupling.

Melting point analyses were camli®ut using a Stewart Scientific SMP11 melting point
apparatus and are uncorrected.

High resolution mass spectra (HWRS) were performed on an Agileht 1200 Series
coupled to a 6210 Agilent Tirref-Flight (TOF) mass spectrometer equipped with an
both a psitive and negative electronspray source. Infrared spectra were obtained in the
region 4000400 cm! on a Nicolet Impact 400D spectrophotometer or using a Perkin
Elmer 2000 FTIR spectrometer. SEM was performed using a HitaBADEN with a
tungsten filanent and the sample was coated in gbidferential Scanning Calorimetry

was carried out on a Perkin Elmer Pyris 6.0. Scintillation counts were obtained using a
Wallac MicroBeta scintillation counter (Perkin Elmer).

Flash column chromatography was perfedrusing silica gel 60 (Merck, 0.040063

mm). Analytical thin layer chromatography was carried out on aluminium sheets pre
coated with Merck TLC Silica gel 60 F254. Developed sheets were visualised using a
portable UVitec CV006 lamp( & 254, 365 nm) or the appropriate stain.

A = Compounds synthesised that are await:]
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10.2 General procedurefor amide bond formation using HOBt and TBTU.

Carboxylic acid, HOBt, TBTU, anhydrous NEind anhydrous DMF were placed in an
ovendried Schlenk tube under a Btmosphere. The resulting solution was stirred at rt
for 15 mins. A second Schlenk tube was prepared contasmmge and anhydrous
DMF under a N atmosphere. The resulting solution was transfenida cannula, to
thefirst Schlenk tube containing the carboxylic acid. The solution was stirred uader N
andthe reaction progressionitored by TLC.The DMF was removed under reduced
pressure and the resulting oil was acidified (pH = 3) using a 0.1 M aqueous HCI
solution. Tke aqueous mixture was extracted with DCM (20 mL, followed by 4 x 10
mL). The organic combined layers were washed with a saturated agueous solution of
NaCOs (3 x 20 mL) and brine (3 x 20 mL) and dried over Mg®@d the residue was
purified usingflash chomatography

10.3 Synthesis of 1(4-(3-chloro-5-(trifluoromethyl)pyridin -2-yl)piperazin-1-yl)-3-
(thiophen-2-ylthio)propan-1-one (RTB70) @)

Prepare from 43-chloro-5-(trifluoromethyl)pyridin2-yl)piperazine (698 mg, 2.63
mmol) and @mpound30 (450 mg, 2.39 mmolusing HOBt (698 mg, 2.63 mmJ|
TBTU (767 mg, 2.63 mmg] anhydrous NEt(532 pL, 3.82 mmqgl and anhydrous
DMF (10 mL) and following the general procedure desdatilie section10.2 The
reaction mixture was stirred aveght at room temperaturender aN. atmosphere.
Purified using flash chromatography (3:2 EtOA¢iexane). The obtained product was
dissolved in a minimal amount of DCM afet. Etherwas added until precipitation

began. The solution and the precipitatsvgtored at20 °C overnight, and the resultant
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crystals collected by vacuum filtration and washed with ¢t Ethern~ 20 mL) to
give white needig 2.1 g (71%).

H NMR: (300 MHz, CDC}) U -8&0 (11H, H3), 7.79.78 (m, 1H, H1), 7.35
(dd,J = 5.3 Hz,J = 1.2 Hz, 1H, H9), 78 (m, 1H, H7), 7.066.97 (m, 1H, H8), 3.78
7.75 (m, 2H*), 3.583.55 (m, 2H*), 3.568.46 (m, 4H*), 3.11 (tJ=7.1 Hz, 2H, H5),
2.68 (t,J = 7.1 Hz, 2H, H4) *Piperaziné3C NMR: (75 MHz, CDC}) U 170. 1 ( (
160.1 (C2), 3.6 (q,J = 4.1 Hz, C3), 136.7 (g1 = 3.3 Hz, C1), 134.6 (C6, C9), 130.2
(C7), 128.3 (C8), 123.8 (d,= 270.0 Hz, CE), 121.7 (CCl), 121.2 (g] = 33.0 Hz,C-
CRs), 49.1 (C*), 45.7 (C*), 42.0 (C*), 34.8 (C5), 33.9 (C4) *PiperaziRe.0.5 (3:2,
EtOAcn-hexane).HR-MS: calcd for G7H1sCIFsNsOS m/z: [M + HJ]", 436.0526;
found: 436.0531 [Dif{ppm) = 1.14]IR (KBr): 2840 (GH), 1636 (C=0), 1603 (C=C),
1452 (C=C), 1323 (&), 1248 (CN), 706 (GCI) cn®. m.p.: 70-72 °C.Anal. calcd for
C17H17CIFsN30OS; C,46.84; H, 3.93; N, 9.64% found: C, 46.51; H, 3.84; N, 9.30%

10.4 General procedurefor the formation of a pyrimidinone ring using AcOH.

Substituted amino pyrazol e wa sketabstes was!| v e d
added. The reaction mixture was heatedefiix. After cooling to rt, the AcOH was
removed under reduced pressure. The resulting residue was triturated using EtOAc to

give a white solid.

10.5 Synthesis of 5(3,5bis(trifluoromethyl)phenyl) -2-(tert-butyl)pyrazolo[1,5-
a]pyrimidin -7(4H)-one (RTB69) (2)

(0]
~N
BN
F3C 6 4 N 3\
9 H 2
7 8
CF;

Prepared from f&amino 3-(tert-butyl)-1H-pyrazole (124 mg, 0.89 mmol) and ethyl 3
(3,5-bis(trifluoromethyl)phenyb3-oxopropanoate (321 mg, 0.97 mmol) using HOAc (8
mL) and following the procedure described in sectiOmd The rection mixture was
heated at reflux for 4 hrs and the residue triturated using EtOAc (2 mL) to give a white
solid, 65 mg (18%).
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IH NMR: (300 MHz,dsDMSO) & 12.59 (bs, 1H, NH), 8.
1H, H7), 6.30 (s, 1H, H2), 6.14 (s, 1H5H 1.34 (s, 9H, (CH)3). 13C NMR: (75 MHz,
d-DMSO) U 165.0 (C=0), 156.1 (C4), 146.2
32.7 Hz),C-CFs), 128.3 (C6, C8), 124.2 (C7), 123.2 (o 269.8 Hz, CE), 95.4 (C2),

86.2 (C5), 2.4C(CHz)3), 29.9 ((CH)3). R: 0.6 (1:9, MeOH:DCM)HR-MS: calcd for
Ci18H16FsN3O m/z: [M + HJ, 404.1192; found 404.1178 [Diff(ppm)-8.46].IR (KBr):

3390 (NH), 2969 (GH), 1667 (C=0), 1616 (C=C), 1577 {N), 1488 (C=C), 1280 (C

F), 1139 (GN) cnt* m.p.: Above 300 °C.

10.6 Synthess of 4(thiophen-3-yl)-1-(4-(4-(trifluoromethyl)phenyl)piperazin -1-
yl)butan-1-one (RTB86) (3)

Compoundl31 (54 mg, 0.24 mmo))HOBt (333 mg, 0.27 mmol), TBTU (79 mg, 0.27
mmol), anhydrous NE{53 pL, 0.38 mmol) and anhyolus DMF (5 mL) were placed in

an ovendried Schlenk tube under a Btmosphere. The resulting solution was stirred at
rt for 15 mins. A second Schlenk tube, containit®yf (52 mg, 0.27 mmol) and
anhydrous NEt(36 pL, 0.26 mmol) in anhydrous DMF (2 mL) wrda N atmosphere,
was stirred at rt. After 15 mins, the resulting solution was transferied, cannula, to

the first Schlenk tube containing the carboxylic acid. The solution was stirred under N
and the reaction progress monitored by TLC. After 24 tme DMF was removed under
reduced pressure and the resulting oil was acidified (pH = 3) using a 0.1 M aqueous HCI
solution. The aqueous mixture was extracted with DCM (20 mL, followed by 4 x 10
mL). The organic combined layers were washed with a satii@jueous solution of
NaCOs (3 x 20 mL) and brine (3 x 20 mL) and dried over Mg®@d the residue was
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purified using flash chromatography (3:2 EtOAtiexane) to give a white solid, 74 mg
(77%).

IHNMR: (300 MHz,CRCN, T = 60 AC) U 775 @n, qHsH5, 1H,
H6), 7.3%7.20 (m, 4H, H4, H7, Ar), 7.08.93 (m 2H, Ar), 4.5%4.36 (m, 2H*), 3.86 (s,
3H, OCH), 3.323.21 (m, 1H, AfCH), 3.113.03 (m, 2H*), 2.37 (s, 3H, G 1.89
1.85 (m, 2H*), 1.771.63 (m,2H*).*Piperidine.3C NMR: (75 MHz, CQCN, T = 60
A C) 16410 (C=0), 162.3 (d] = 245.7 Hz, GF), 157.0 C-OCHs), 139.7 (C1), 138.6
(N=CH), 135.8 (dJ = 3.0 Hz, C8), 133.7 (C3), 127.3 (@= 8.8 Hz, C4, C7), 127.1
(Ar), 126.5 (Ar), 120.6 (Ar), 116.6 (§2115.8 (d,J = 22.9 Hz, C5, C6), 111.1 (Ar),
55.2 (OCH), 45.3 (C*), 35.7 (ArC), 31.9 (C*), 10.5 (CH).*Piperidine.Rs: 0.4 (3:2,
EtOAcn-hexane)HR-MS: calcd for GsH2sFN3O2 m/z: [M + HJ*, 394.1925; found:
394.1944 [Diff(ppm) = 4.76]IR (KBr): 2940 CH), 1612 (C=0), 1392 (€), 1236 (G
N), 1220 O-CHs) cmit. m.p.: 140-141 °C.

10.7 Synthesis of 4-(thiophen-2-yl)-1-(4-(4-(trifluoromethyl)phenyl)piperazin -1-
yl)butan-1-one (RTC1) @)

FsC 4

Prepared frontcompound33 (100 mg, 0.43 mmwl) and 4(2-thienyl)butyric acid50 pL,

0.34 mmol),usingHOBt (58 mg, 0.43 mmol), TBTU (140 mg, 0.43 mmealhhydrous
NEt: (100 pL, 0.69 mmol)and anhydrousDMF (3 mL) and followingthe general
procedure described in sectid0.2 The reaction mixture as stirredat rt overnight
under a N atmospherePurified using flash chromatography (3:2 EtOAgiexane).
The obtained product was dissolved in minimal DEM1 mL) and Pet. Etherwas

added until precipitation began. The solution was store@@afC ovenight, and the
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resultant crystals collected by vacuum filtration and washed withRetidEther(~ 20

mL) to give white needles, 104 mg (80%).

IH NMR: (300 MHz, CDC§) &  7J1=89 Hz, 2H, H1, H5), 7.12 (dd,= 5.1 Hz,
1.2 Hz, 1H, H12), 6.96.90 (m, 3H, H2, H4, H11), 6.88.80 (m, 1H, H10), 3.76 (m,
2H*), 3.56 (M, 2H*), 3.24 (M, 4H*), 2.91 (§,= 7 Hz, 2H, H8), 2.38 ({J = 7 Hz, 2H,
H6), 2.122.0 (m, 2H, H7). *Piperaziné3C NMR: (75 MHz, CDC}) U4 17 1. 0
152.9 (C3), 144.3 (C9), 126.8 10), 126.5 (q,) = 3.6 Hz, C1, C5), 124.61 (qJ =
270.0 Hz, CE) 124.60 (C12), 123.2 (C11), 121.2 (4= 33.0 Hz,C-CFs), 115.0 (C2,

C4), 48.3 (C*), 48.1 (C*), 45.0 (C*), 41.1 (C*, 31.9 (C6), 29.2 (C8), 26.9 (C7).

*Piperazine Rt: 0.5 (3:2, EtOAm-hexane).HR-MS: calcd for GoH22F3N20S m/z: [M
+ H]*, 383.1399; found: 383.1402 [Diff(ppm) = 0.61R (KBr): 2924 (GH), 1653
(C=0), 1612 (C=C), 1438(C=C), 1331-@, 1233 (CN) cn*. m.p.: 90-94 °C.Anal.
calcd for CioH22F3N20S; C, 59.67; H, 5.54; N, 7.33%und: C, 59.71; H, 5.14; N,
7.17%.

10.8 Synthesis of 1-(thiophen-2-yl)-4-(4-(4-(trifluoromethyl)phenyl) piperazin-1-
yl)butane-1,4-dione (RTC2) ()

F3C 4

Prepared frontompound33 (100 mg, 0.43 mmoland 4o0xo-4-(thiophen2-yl)butanac
acid (63 mg, 0.34 mmo))using HOBt (58 mg, 0.43 mmol), TBTU (140 mg, 0.43
mmol), anhydrousNEt (100 pL, 0.69 mmol) andanhydrousDMF (3 mL) and
following the generalproceduredescribed in sectiod0.2 The reaction mixture was
stirred at rt overnighinder an NatmospherePurified using flash chromatography (3:2
EtOAc:n-hexane) to give an off white solid, 109 mg (81%).
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'H NMR: (300 MHz, CDC}) U 7 .J84.8Hz,d=1.0 Hz, 1H, H10), 7.63 (dd,
= 4.8 Hz,J = 1.0 Hz, 1H, H12), 7.50 (d] = 8.7 Hz, 2H, H1, H5), 7.1.12 (m, 1H,
H11), 6.92 (dJ = 8.7 Hz, 2H, H2, H4), 3.88.71 (m, 4H*), 3.543.31 (m, 4H*), 3.27
3.24 (m, 2H, H7), 2.82 (t) = 6.6 Hz, 2H, H6).*Piperazine®C NMR: (75 MHz,
CDCl) 191.9 (C=0), 170.1 (X=0), 152.9 (C3), 143.8 (C9133.6 (C12), 128.1
(C11), 132.1 (C10), 126.5 (4= 3.7 Hz, C1, C5), 126.1 (4,= 330 Hz, C-CRs), 124.6
(g,J = 2667 Hz, CR), 114.9 (C2, C4), 48.2 (C*), 48.0 (C*), 45.0 (C*), 41.3 (C*), 34.1
(C6), 27.0 (C7).*PiperazineRs: 0.5 (3:2, EtOAm-hexane). HR-MS: calcd for
CagH3sFsNsOsSNa m/z: [2M + Na], 815.2131; found: 815.2127 [Diff(ppm)-8.51].
IR (KBr): 2954 (GH), 1647 (C=0), 1612 (MC=0), 1325 (GF), 1230 (GN) cn?.
m.p.: 172176 °C. Anal. calcd for C19H19F3N202S, C, 57.56; H, 4.83; N, 7.07% fad:
C,57.34; H, 4.62; N, 6.89%

10.9 Synthesis of Y(thiophen-2-yl)-4-(4-(5-(trifluoromethyl)pyridin -2-
yl)piperazin-1-yl)butane-1,4-dione (RTC3) (6)

Prepared from -5-(trifluoromethyl)pyridin-2-yl)piperazine(99 mg, 0.43 mmip and 4
0x0o-4-(thiophen2-yl)butanoic acid(63 mg, 0.34 mmol), using HOBt (58 mg, 0.43
mmol), TBTU (140 mg, 0.43 mmol)anhydrousNEt: (100 pL, 0.69 mmol) and
anhydrousDMF (3 mL) andfollowing the general procedure descdbe section10.2
The reactiomrmixture was stirred overnight at room temperature under @riNosphere.
Purified using flash chromatography (3:2 EtOfbexane) to give an off white solid,
85 mg, (63%).

IH NMR: (300 MHz,CDC} U 8. 41 ( s7,80 (,HH, HED} 7.68.6F(m,8 1
2H, H1, H8), 7.157.12 (m, 1H, H9), 6.65 (d} = 9.1 Hz, 1H, H2), 3.78.61 (m, 8H*),
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3.34 (t,J = 6.9 Hz, 2H, H6), 2.82 (1] = 6.9 Hz, 2H, H5). *Piperaziné3C NMR: (75
MHz, CDCk) UG 19 3, .18.3 (NC=0O) 160.0 (C3), 147.7 (d,= 4.1 Hz, C4),
143.8 (C7), 134.7 (g} = 3.3 Hz, C1), 133.5 (C8), 132.1 (C10), 128.1 (C9), 124.4 4,
268.5 Hz, CE), 15.8 (g,J = 32.0 Hz,C-CR), 105.6 (C2), 44.9 (C*), 44.6 (C*), 44.2
(C*), 41.9 (C*), 34.1C6), 27.1 (C5). *Piperazin®s: 0.5 (3:2, EtOAm-hexane)HR-
MS: calcd for GeHs7FsNeOsS, m/z: [2M + HJ', 795.2216; found: 795.2223 [Difppm)

= 0.78].IR (KBr): 1655 (C=0), 1638 (MC=0), 1329 (GF), 1102 (GN) cm™. m.p.:
204-206 °C. Anal. calcd for CigH18F3N302S:; C, 54.40; H, 4.57N, 10.58 found; C,
54.39; H, 427; N, 10.59.

10.10Synthesis of 1(4-(3-chloro-5-(trifluoromethyl)pyridin -2-yl)piperazin-1-yl)-4-
(thiophen-2-yl)butane-1,4-dione (RTC4) (7)

Prepared from -{3-chloro-5-(trifluoromethyl)pyridin2-yl)piperazine (114 mg, 0.43
mmol) and 4o0xo0-4-(thiophen2-yl)butanoic acid63 mg, 0.34 mmo|)using HOBt (58

mg, 0.43 mmol), TBTU (140 mg, 0.43 mmognhydrousNEts (100 pL, 0.69 mmol)

and anhydrousDMF (3 mL) andfollowing the general procedure described in section
10.2 The reaction mixture was stirred overnight at room temperature under a N
atmospherePurified using flash chromatography (3:2 EtObexane) to give an off
white solid, 102 mg (70%).

IH NMR: (300 MHz, @Cls) U -8810 (h,11H, H3), 7.87.79 (m, 2H, H1, H7), 7.64
(dd,J = 4.0 Hz,J = 1.0 Hz, 1H, H9), 7.15.12 (m, 1H, H8), 3.88.72 (m, 4H*), 3.57
3.54 (m, 2H*), 3.568.47 (M, 2H*), 3.33 (tJ = 9.0 Hz, 2H, H5), 2.84 (f] = 9.0 Hz, 2H,
H4).*Piperazine.’3C NMR: (75 MHz, CDC}) 191.9 (C=0), 170.2 (}C=0), 159.5
(C2), 143.9 (C6), 143.1 (d, = 3.7 Hz, C3), 136.1 (qJ = 3.3 Hz, C1), 133.5 (C9),
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132.1 (C7), 128.6 (g = 270.1 Hz, CE), 128.1 (C8), 121.1 (q] = 33.2 Hz,C-CR),
121.0 (CCl), 48.5 (C*), 45.1C*), 41.5 (C*), 34.2 (CH), 27.1 (C4). *Piperazi: 0.5
(3:2, EtOAcn-hexane) HR-MS: calcd for GgH1gFaN3O2SCl m/z: [M + HT, 432.0755;
found: 432.0765 [Diff(ppm) = 2.31]R (KBr): 2915 (GH), 1647 (C=0), 1604 (N
C=0), 1416(C=C), 1319 (CF), 1231 {Q9), 844 (GCI) cmi’. m.p.: 102104 °C.Anal.
calcd for C1gH17F3N30.SCI ; C, 50.06; H, 3.97; N, 9.73% found: C, 50.14; H, 3.77; N,
9.47%

10.11Synthesis of 4(thiophen-3-yl)-1-(4-(5-(trifluoromethyl)pyridin -2-
yl)piperazin-1-yl)butan-1-one (RTC5) @)

Prepared from -{5-(trifluoromethyl)pyridin-2-yl)piperazine(99 mg, 0.43 mmoland 4
(2-thienyl)butyric acid(50 pL, 0.34 mmol)using HOBt (58 mg, 0.43 mmol), TBTU
(140 mg, 0.43 mmol)anhydrousNEts (100 pL, 0.69 mmol) andnhydrousDMF (3
mL) and following the general procedure described in sectlén2 The reaction
mixture was stirred overnight at room temperature under atidospherePurified
using flash chromatography (3:2 EtOAdiexane) to give aoff white solid, 104 mg
(80%).

IH NMR: (300 MHz, CDC¥) U -8810 (,11H, H4), 7.66 (dd,= 9.0 Hz,J = 2.0 Hz,
1H, H1), 7.13 (ddJ = 5.1 Hz,J = 1.2 Hz, 1H, H11), 6.96.91 (m, 1H, H10), 6.88.80
(m, 1H, H9), 6.64 (dJ = 8.7 Hz, 1H, H2), 3.78.69 (m, 4H*), 3.613.58 (m, 2H*),
3.543.51 (m, 2H*), 2.93t, J= 7.2 Hz, 2H, H7), 2.41 (il = 7.2, 2H, H5), 2.12.03 (m,
2H, H6).*Piperazinel3C NMR: (75 MHz, CDC}) 171.2 (C=0), 160.4 (C3), 145.6 (q,
J=4.0 Hz, C4), 144.3 (C8), 134.6 (= 4.0 Hz, C1), 126.8 (C10), 124.56 (C9), 124.52
(q,J = 268.5 Hz, CB), 123.2 (C11), 115.6 (d} = 33.0 Hz, GCFs), 105.6 (C2), 44.9
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(C*), 44.6 (C*), 44.3 (C*), 40.9 (C*), 31.9 (C7), 29.2 (C5), 26.9 (C6).*Piperadiie.
0.5 (3:2, EtOAm-hexane)HR-MS: calcd for GgH21FsN3OS m/z: [M + HT, 384.1352;
found: 384.1365 [Difppm) = 3.38].IR (KBr): 2953 (GH), 1646 (C=0), 1611 (C=C),
1417 (C=C), 1325 (&), 1231 (GN) cml. m.p.: 107109 °C. Anal. calcd for
C18H20F3N30S; C, 56.38; H, 5.26; N, 10.96% four@l: 56.8!; H,4.95 ; N, 10.89%

10.12Synthesis of 1(4-(3-chloro-5-(trifluor omethyl)pyridin -2-yl) piperazin-1-yl)-4-
(thiophen-2-yl)butan-1-one (RTC6) Q)

Prepared from -{3-chloro-5-(trifluoromethyl)pyridin2-yl)piperazine (114 mg, 0.43
mol) and 4(2-thienyl)butyric acid(50 pL, 0.34 mmol)using HOBt (58 mg, 0.43
mmol), TBTU (140 mg, 0.43 mmol)anhydrousNEt; (100 pL, 0.69 mmol) and
anhydrouDMF (3 mL) andfollowing the general procedure described in sectio2
The reaction mixture was stirred overnight at room temperature undeatmbisphere
The reaction mixture was stirred at rt overnigbtirified using flash chromatography

(3:2 EtOAcn-hexane) to give a grey solid, 90 mg (64%).

!H NMR: (300 MHz, CDC$) U -889 (th01H, H3), 7.79 (d] = 1.8 Hz, 1H, H1),
7.13 (dd,J = 5.1 Hz,J = 1.2 Hz, 1H, H10), 6.96.91 (m, 1H, H9), 6.85.80 (m, 1H,
H8), 3.3%3.375 (m, 2H*), 3.58.55 (m, 2H*), 3.498.45 (m, 4H*), 2.93 (t) = 7.2 Hz,
2H, H6), 2.41 (tJ= 7.2 H 2H, H4), 2.112.01 (m, 2H, H5).*PiperazinéC NMR: (75
MHz, CDCk) 171.2 (C=0), 159.5 (C2), 144.3 (C7), 143.1J¢, 3.7 Hz, C3), 136.1 (q,
J=3.7 Hz, C1), 126.8 (C9), 124.5 (C8), 123.23 (C10), 123.21 {4270.0 Hz, CB),
121.1 (GCI), 120.59 (q.J = 33.0 Hz,C-CFs), 48.6 (C*), 45.2 (C*), 41.3 (C*), 32.0
(C4), 29.2 (C6), 26.9 (C5).*Piperazings: 0.5 (3:2, EtOAm-hexane) HR-MS: calcd
for CigH20FsN3OSCI m/z: [M + HJ, 418.0971; found 418.0962 [Diff(ppm) = 3.12R
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(KBr): 2913 (GH), 1650 (C=0),1604 (C=C), 1438 (C=C), 1319 {©), 1251 (CN),
845 (GCI) cmit. m.p.: 52-54 °C. Anal. calcd for CigH19FsN3OSCI; C, 51.73; H, 4.58;
N, 10.06% found; C, 52.17; H, 4.66 ; N, 9.89%

10.13Synthesis of 3(thiophen-2-ylthio)-1-(4-(4-(trifluoromethyl)phenyl)piperazi n-
1-yl)propan-1-one (RTC7) (L0)

11

Prepared from -I4-trifluoromethyl phenyl)piperazing(50 mg, 0.22 mmol)and
compound30 (37 mg, 0.19 mmol) using HOBt (30 mg, 0.22 mmol), TBTU (70 mg,
0.22 mmol),anhydrousNEt: (44 pL, 0.2 mmol) andanhydrousDMF (2 mL) and
following the general procedure described in secfifr® The reaction mixture was
stirred overnight at room temperature under aainospherePurified using flash
chromatography (3:2 EtOAwhexane) to give a browmokd, 47 mg (636).

IH NMR: (300 MHz, CDC$) U 7J=#8.8 Hz( 2H, H1, H5), 7.34 (dd= 5.4 Hz,J

= 1.2 Hz, 1H, H11), 7.13 (dd,= 3.6Hz, J = 1.2 Hz, 1H, H9), 6.9%.96 (m, 1H, H10),
6.89 (d,J = 8.7 Hz, 2H, H2, H4), 3.73.74 (m, 2H*), 3.573.53 (m, 2H*), 3.273.22
(m, 2H%), 3.11 (t,J = 7.2 Hz, 2H, H7), 2.67 (t) = 7.2 Hz, 2H, H6).*Piperaziné3C
NMR: (75 MHz,CDC}) U 169.4 (C=0), 152.8 (C3),
(C11), 127.7 (C10), 126.5 (d,= 3.3 Hz, C1, C5), 124.5 (d,= 270.0 Hz, CB), 121.3
(g, J = 33.0 Hz,C-CFs), 115.0 (C2, C4), 48.3 (C*), 48.0 (C*), 44.9 (C*), 41.2 (C¥),
34.1 (C6), 33.2 (C7). *Piperazin®s: 0.5 (3:2, EtOAm-hexane).HR-MS: calcd for
CigH20FsN20S m/z: [M + HJ*, 401.0964; found: 401.0969 [Difppm) = 1.22].IR
(KBr): 2923 (GH), 1643 (C=0), 161§C=C), 1465 (C=C), 1339 (E), 1231 (GN)
cm. m.p.: 86-90 °C.

232

1



Chapter 10 Experimental

10.14Synthesis  of  3(4-(2-chloro-4-(trifluoromethyl)phenyl)piperazin -1-yl)-4-
(thiophen-2-yl)butan-1-one (RTC8) (L1)

FaC 3

Prepared from compourfl (90 mg, 0.34 mmoland 4(2-thienyl)butyric acid(46 pL,
0.32 mmol) using HOBt (47 mg, 0.34 mmol), TBTU (111 mg, 0.34 mnaolpydrous
NEts (47 pL, 0.51 mmol) andanhydrousDMF (3 mL) and following the general
procedure described in sectidf.2 The reaction mixture was std overnight at room
temperature under a >Natmosphere.Purified using flash chromatography (3:2
EtOAc:Pet. Ether) to give an orange solid, 106 mg (80%).

IH NMR: (300 MHz, CDC}) U -782 (61,3LH, H1), 7.47 (dd,= 8.7 Hz,J= 1.2 Hz,
1H, H4), 7.12 (ddJ = 5.1 Hz,J= 1.0 Hz, 1H, H1}, 7.05 (d,J = 8.7 Hz 1H, H3), 6.93
6.90 (m, 1H, H10), 6.86.80 (m, 1H, HY 3.823.79 (m, 2H*), 3.613.57 (m, 2H*),
3.07:3.04 (m, 4H*), 2.93t, J = 7.2 Hz, 2H, H7), 2.41 (f] = 7.2 Hz, 2H, H5), 2.12.01
(m, 2H, H6).*Piperazine**C NMR: (75 MHz, CDC}) U 171.1 (C=0),
144.3 (C8), 128.8 (Cl), 127.9 (gJ = 3.3 Hz, C1) 126.8 (C14), 125.9 @& 33.0 Hz,
C-CRs), 124.8 (q,J = 3.5Hz, C4), 124.5 (C13), 123.5 (d,= 270.0 Hz, CB), 123.2
(C15), 120.3 (C3), 51.2 (C*), 50.7 (C*),45.5 (C*), 41.6 (C*), 32.0 (C5), 29.2 (C7), 27.0
(C6).*PiperazineHR-MS: calcd for GoH21F3N2OSCIl m/z: [M + HY, 417.101; found:
401.1017 [Diff(ppm) = 1.74] IR (KBr): 2888 (GH), 1633 (C=0), 1612 (C=C),436
(C=C), 1334 (CF), 1231 (GN), 700 (GCI) cmit. Rf: 0.7 (3:2, EtOAc:Pet. Ethemn.p.:
84-86 °C. Anal. calcd for CiogH20FsN2OSCI; C, 54.74; H, 4.84; N, 6.72%und; C,
54.73; H, 4.60 ; N, 6.58%
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10.15Synthess of 3(thiophen-2-ylthio)propanoic acid (RD23) (30}*°

HO )

Thienyt2-thiol (48 pl, 0.52 mmol), dromopropanoic acid (80 mg, 0.52 mmol) and
NaHCQ (130 mg,1.56 mmol) were heated at reflux in EtOH (2 mL) and reaction
progress monitored by TLC. After, 5 hrs the reaction mixture was allowed to cool to rt
and the EtOH was removed under reduced pressure. The residue was dissob@d in H
(2 mL) and washed with ED (10 mL, followed by 3 x 10 mL). The aqueous layer was
acidified to pH = 6 with 0.1 M aqueous HCI and extracted wit®ELO mL, followed

by 3 x 10 mL). The combined organic layers were concentrated under reduced pressure
and the residue was purified ngiflash chromatography (1:9, MeOH:DCM) to give a
clear oil, 83 mg (85%)).

IH NMR: (300 MHz,CDC}) & 10.86 (br ¢5511H4J=1CQHY},, 7.
1H, H7), 7.16 (ddJ = 2.4 Hz,J = 1.2 Hz, 1H, H6), 6.95.99 (m, 1H, H5), 2.97 (] =
7.2 Hz, 2H H2), 2.64 (tJ = 7.2 Hz, 2H, H1)IH NMR data matches literature data.
HR-MS: calcd for GHoO2S, m/z: [M + HJ", 189.0038; found: 189.0040 [Diff (ppm) =
1.05].Rf: 0.3 (1:9, MeOH:DCM.

10.16Synthesis of }(2-chloro-4-(trifluoromethyl)phenyl)piperazine (RD20) (31)

4
FsC 3

! N
3-Chloro-4-fluorobenzotrifluoride (100 pL, 0.75 mmol) and piperazine (129 mg, 1.5
mmol) were dissolved in NMP (3 mL) and heated at 200 ° C foni@6 in a microwave
reactor. The reaction mixture was purified using flash chromatogrgihg,
MeOH:DCM)to give a clear oil, 120 mg (61%).

!H NMR: (300 MHz, CDC$) U -780 (,11H, H1), 7.45 (dd} = 8.4,J = 1.5 Hz,

1H, H4), 7.07 (dJ = 8.4 Hz, 1H, H3), 3.09 (bs, 8H*), 2.68 (bs, 1H, NH).*Piperazine.
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'H NMR data matches literature d&faHR-MS: calcd for GiH13CIFsN2 m/z: [M +
H]*, 264.06; found: 265.0711 [Diff (ppm)-%.13].Rs: 0.2 (1:9, MeOH:DCM).

10.17Synthesis of 3(4-(trifluoromethyl)phenyl)piperazine (RD269) (33)

2
K/NH

1-chloro-4-(trifluoromethyl)benzene (1.59 mL, 11.91 mmalnd piperazine (2.00 g,
23.82 mmol)were dissolved in NMP (5 mL) and heated at 200 °© C for 30 mins in a
microwave reactor. The reaction mixture was purified using flash chromatogiaphy
MeOH:DCM)to give awhite sdid, 1.42 g (50%.

IH NMR: (300 MHz, CDC$) U 7J=48% HZ, 8H, H1, H4), 6.91 (d,= 8.4 Hz,

2H, H2, H3), 3.243.20 (m, 4H*), 3.033.00 (m, 2H*), 1.68 (bs, 1H, NH).*Piperazine.
'H NMR data matches literature ddataHR-MS: calcd for GiH14FsN2 m/z: [M + H]*,
231.1104; found: 231.1105 [Diff (ppm) = 0.6 0.2 (1:9, MeOH:DCM).

10.18Synthesis of }(2-bromo-4-(trifluoromethyl)phenyl)piperazine (RD71) (34)

3
FsC 2

: N

Br OH
3-Bromo-4-chlorobenzotrifluoride (200 pL, 1.33 mmadnd piperazine (229 mg?.66
mmol) were dissolved in NMP (2 mL) and heated at 200 ° C for 30 mins in a microwave
reactor.Compound34 was used without further purification. Clear oil, 95 mg (23%,
crude vyield).
'H NMR: (300 MHz, CDC$) U 7 J=78 Hg, dH, H3), 7.25.20 (m, 2H, H1,
H2), 3.10 (m, 8H*), 2.95 (bs, 1H, NH).*Piperaziti&: 0.2 (1:9, MeOH:DCM).
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10.19Synthesis of 1(p-tolyl)piperazine (RD115) (35§°

4

Lot

2
NH

p-Toluidine (1.00 g, 9.34 mmol) and bis¢kloroethyl)amine.HCI (1.66 g, 9.34 mmol)
were dissolved ibis(2methoxyethyl)ether (20 mL) and heated at reflux for 16 hrs after
which the reactn mixture was allowed to cool to rt. 2Bt was added until the
precipitation of a brown solid was complete. The precipitate was colle@edcuum
filtration and washed with BED (3 x 20 mL) to give the HCI salt of compouf38§,
which was then dissolved ia 5% aqueous NaOH solution (10 mL) and stirred at rt for
4 hrs. The aqueous layer was extracted with DCM (10 mL, followed be 3 x 10 mL) and
and the combined organic layers were dried over Mg3®@e solvent was removed
under reduced pressure and thedwesiwas purified using flash chromatograpinygive

a brown solid, 221 mg (13%).

!H NMR: (300 MHz, CDC$) U 7J=084 HZ, @H, H1, H5), 6.83 (d,= 8.4 Hz,

2H, H2, H4), 3.143.13 (m, 4H*), 3.083.05 (m, 4H*), 2.26 (s, 3H, CH)*Piperazine.

'H NMR data matches literature d&aHR-MS: calcd for GiHi7N2 m/z: [M + HJ*,
177.1385 found: 177.1394 [Diff (ppm) = 4.5:: 0.2 (1:9, MeOH:DCM).

10.20Synthesis of 3(4-(tert-butyl)phenyl)piperazine (RD268) (365°

NH

4-(tert-Butyl)aniline (500 pL, 3.1 mmol) and bis{hloroethyl)amine.HCI were
dissolved inbis(2methoxyethyl)ether (750 pL) and heated at reflux for 16 hrs after
which the reaction mixture was allowed to cool to rtzCEtwas added until the
precipitation of a brown solid occurred. The precipitate was collected via vacuum
filtration and washed with ED (3 x 10 mL) to give the HCI salt of compouB€@ The

HCI salt (470 mg, 1.84 mmol) was dissolved in 5% aqueous NaOH solution (10 mL)

and stirred at rt for 4 hrs. The aqueous layer was extracted with DCM (10 mL, followed
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be 3 x 10 mL) ad dried over MgS@The solvent was removed under reduced pressure

to give a brown solid, 352 mg (87%), which was used without any further purification.

'H NMR: (300 MHz, CDC$) U 7J=383 HZ, 8H, H1, H4), 6.91 (d,= 8.0 Hz,
2H, H2, H3), 3.183.12 (m, 4H*), 3.053.02 (m, 4H%*), 1.33 (s, 9H, (G3t).*Piperazine.
'H NMR data matches literature d&t4HR-MS: calcd for GoHisNO m/z: [M + HT,
192.1383; found: 192.1388 [Diff (ppm) = 2.6R{: 0.2 (1:9, MeOH:DCM).

10.21Synthesis of piperazinl-yl(4-(trifluoromethyl)phenyl)methanone (RD212)
(37)

4
FsC 3

o)
2
)
N
H
4-(Trifluoromethyl)benzoyl chloride (2.5 mL, 16.82 mmol) in DCb(mL) was added
dropwise to a solution of piperazine (2.89g, 33.64 mmol) in DCM (15 mL) at 0 °C. The
temperature of the reaction mixture was adjusted gradually to rt and stirred overnight at
rt. The solvent was removed under reduced pressure and theeresid purified using

flash chromatography (1:9; MeOH:DCM) to give an off white solid, 110 mg (3%). Bis
substituted product main species isolated.

IH NMR: (300 MHz, CDC}, T=4 AC) UJ=B.7 8222HHH H4), 7.44 (dJ

= 8.7 Hz, 2H,H2, H3), 3.49 (bs 4H*), 2.80 (bs, 4H*).*Piperazin&s: 0.2 (1:9,
MeOH:DCM). HR-MS: calcd for GzHisFsN2O m/z: [M + HJ, 259.1053; found:
259.1065 [Diff(ppm) = 4.60].

10.22Synthesis of 1(4-(tri fluoromethyl)benzyl)piperazine (RD265) (38)17

FsC 4
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To a solution of 4(bromomethyh4-(trifluoromethyl)benzene (500 mg, 0.21 mmol) in
toluene (10 mL) was added piperazine (723 mg, 0.84 mmol) and the solution was
heated at 85 °C. After 2 hrs the solution was cooled to rt, filtered and the filtrate was
concentrated under reduced pressure. The residsedissolved in 2 M aqueous HCI

(10 mL) and the aqueous layer was washed with DCM (10 mL, followed by 2 x 10 mL).
The pH of the aqueous layer was adjusted to pH = 14 with solid NaOH and extracted
with DCM (10 mL, followed by 2 x 10 mL). The combined aongalayers were dried

over MgSQ and concentrate under reduced pressure. The residue was purified using
flash chromatography (1:9 MeOH:DCM) to give a clear oil, 293 mg (57%).

'H NMR: (300 MHz, COD) U 7J=32 HZ, 24, H1, H5), 7.48 (d,= 8.1 Hz,
2H, H2, H4), 3.59 (s, 2H, ArCHl, 2.852.82 (m, 4H*), 2.42 (bs, 4H*).*Piperazine.
Rf: 0.2 (1:9, MeOH:DCM)HR-MS: calcd for G2HieFsN2 m/z: [M + H]", 245.1260;
found: 245.1260 [Diff(ppm) = 0.00].

10.23Synthesis of 1(4-(4-fluorophenyl)piperazin-1-yl)-4-(thiophen-2-yl)butan-1-
one (RTC11) 40)

Prepared from -{4-fluorophenyl)piperazine (100 mg, 0.55 mmol)and 4(2-
thienyl)butyric acid(73 pL, 0.50 mmol) using HOBt (74 m@,55 mmol), TBTU (177
mg, 0.55 mmol)anhydrousNEtz (123 pL, 0.80 mmol) andnhydrouDMF (5 mL) and
following the general procedure described in secfior?2 The reaction mixture was
stirred overnight at room temperature under aatmospherePurified using flash
chromatography (3:2 EtOAzhexane) to give an off white solid, 119 mg (71%).

IH NMR: (300 MHz, CDC§) & -770 (ih,2LH, H12), 6.98.80 (m, 5H, H1, H2, H4,
H5, H11), 6.866.79 (m, 1H, H10), 3.78.74 (m, 2H*), 3.563.50 (m, 2H*), 3.053.02
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(m, 4H*), 2.91 (tJ = 7.2 Hz, 2H, H8), 2.39 (1 = 7.2 Hz, 2H, H6), 2.09.99 (m, 2H,
H7).*Piperazine’*C NMR: (75 MHz, CDC}) 170.9 (C=0), 157.5 (dl = 238.2 Hz, €

F), 147.6 (dJ= 2.2 Hz, C3), 144.1 (C9), 126.8 (C12), 124.5 (C10), 123.2 (C11), 118.6
(d,J=7.3 Hz, C2, C4), 115.6 (d,= 22.5 Hz, C1, C5), 50.7 (C*), 50.4 (C*), 45.4 (C*),
415 (C*), 32.0 (C6), 29.2 (C8), 27.0 (C7).*PiperazindR-MS: calcd for
Ci8H220FN2OS m/z: [M + HJ, 333.1431; found 333.1431 [Diffopm) = 0.00].IR
(KBr): 2824 (GH), 1651 (C=0), 1511 (C=C), 1437 (C=C) 1334K{ 1203 (CN) cm

! Rr: 0.6 (3:2, EtOAm-hexane).m.p.: 84-86 °C. Anal. calcd for CigH21FN.OS; C,
54.74; H, 4.84; N, 6.72%und; C, 5473; H, 4.60 ; N, 6.58%

10.24Synthesis of 4(thiophen-2-yl)-1-(4-(2-(trifluoro methyl)phenyl)piperazin-1-
yl)butan-1-one (RTC20) (41)

Prepared from -[2-(trifluoromethyl)phenyl)piperazine (83 uL, 0.43 mmol) and24
thienyl)butyric acid (57 pL, 0.39 mmol) using HOBt (58 mg, 0.43 mmol), TBTU (139
mg, Q43 mmol), anhydrous anhydrous NEO puL, 0.62 mmol) and DMF (4 mL) and
following the general procedure described in secfi6r?2 The reaction mixture was
stirred overnight at room temperature under aabmosphere. Purified using flash

chromatography3:2 EtOAcn-hexane) to give an light yellow oil, 74 mg (63%).

IH NMR: (300 MHz, CDC}) U -782 (151H, H1), 7.55.50 (m, 1H, H4), 7.33

7.23 (m, 2H, H2, H3), 7.12 (dd,= 5.1 Hz,J = 1.2 Hz, 1H, H12), 6.94 (m, 1H, H11),
6.826.81 (m, 1H, H10), 3.83.72 (M, 2H*), 3.553.52 (m, 2H*), 2.98.81 (m, 2H, H86,

4H*), 2.41 (1, = 7.2 Hz, 2HH8), 2.162.02 (m, 2H, H7).*Piperaziné3C NMR: (75
MHz,CDCk) U 171.1 (C=0), 151.7 (C23¥283HA4. 4
C-CFs), 127.2 (gJ = 3.3 Hz, C1), 126.8 (C11), 125.4 (C12), 124.5 (C10), 124.0 (C4),
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123.9 (q,J = 271.1 Hz, CFk), 123.1 (C3) 53.7 (C*), 53.0 (C*), 46.0 (C*), 42.0 (C¥),
32.1 (C8), 29.3 (C6), 27.0 (C7).*Piperazim&: 0.5 (3:2, EtOAm-hexane) HR-MS:
calcd for GoH2oFsN2OS m/z: [M + HJ, 383.1399; found: 383.1412 [Diff (ppm) =
3.39].IR (neat): 2919 (GH), 1646 (C=0) 1587 (C=C), 1453 (C=C), 13151), 1144
(C-N) cmit

10.25Synthesis of 1(4-(4-nitrophenyl)piperazin-1-yl)-4-(thiophen-2-yl)butan-1-one
(RTC22) (42)

Prepared from -{4-nitrophenyl)piperazine (150 mg, 0.72 mmol) and(24
thieny)butyric acid (95 pL, 0.66 mmol) using HOBt (97 mg, 0.72 mmol), TBTU (232
mg, 0.72 mmol), anhydrous NE{t146 pL, 1.05 mmol) and anhydrous DMF (6 mL) and
following the general procedure described in secfi6r?2 The reaction mixture was
stirred overnightat room temperature under & ldtmosphere. Purified using flash
chromatography (7:3 EtOAc:DCM) to give an orange solid, 178 mg (75%).

IH NMR: (300 MHz, CDC$) U 8J=0.8 Hz( aH, H1, H5), 7.11 (dd,= 5.1 Hz,J

= 1.2 Hz, 1H, H16), 6.98.90 (m, 2H, H15), 6.86.769 (m, 3H, H2, H4, H14), 3.81

3.77 (m, 2H%*), 3.743.68 (m, 2H*), 3.463.41 (m, 4H*), 2.92 (t) = 7.2 Hz, 2H, H12),

2.41 (t,J = 7.2 Hz, 2H, HO0), 2.162.00 (m, 2H, H11).*Piperaziné3C NMR: (75

MHz, CDCk) u 171.2 (C=0), 154 . 3NOF,aZ6) (C14,4 4 . 3
125.9 (C1, C5), 124.5 (C15), 123.2 (C16), 112.7 (C2, C4), 46.7 (C*), 46.6 (C*), 44.5
(C*, 40.7 (C*).*Piperazine.Rs: 0.7 (7:3, EtOAc:DCM). HR-MS: calcd for
Ci1sH22N303S m/z: [M + HJ, 360.1376; found: 360.1387 [Diff (ppm) = 3.09R

(KBr): 2856 (GH), 1650 (C=0), 1600 (C=C), 1584 (NO), 1479 (C=C), 1324 (NO) cm

1 m.p.: 120121 °C.
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10.26Synthesis of 1(4-(3,5-bis(trifluoromethyl) phenyl)piperazin-1-yl)-4-(thiophen-
2-yl)butan-1-one (RTC26) (43)

CF;

Prepared from -13,5bis(trifluoromethyl)phenyl)piperazine (192 mg, 0.65 mmol) and
4-(2-thienyl)butyric acid (85 pL, 0.58 mmol) using HOBt (87 mg, 0.65 mMMBBTU
(207 mg, 0.65 mmol), anhydrous NEi29 pL, 0.92 mmol) and anhydrous DMF (5
mL) and following the general procedure described in secti@d2 The reaction
mixture was stirred overnight at room temperature under atidosphere. Purified
using flash chromatography (3:2 EtOAehexane) to give an off white solid, 103 mg
(39%).

IH NMR: (300 MHz,CDC}) U 7.33 (s, 1H, H1MJ=517Hz26
J = 1.2 Hz, H10), 6.96.91 (m, 1H, H9), 6.88.80 (m, 1H, H8), 3.83.79 (m, 2H*),
3.61-3.58 (M, 2H*), 3.288.25 (m, 4H*), 2.93 (tJ = 7.2 Hz, 2H, H6), 2.41 (] = 7.2

(

Hz, 2H, H4), 2.112.01(m, 2H, H5).*Piperazine3C NMR: (75 MHz, CDCk) U 170.

(C=0), 150.2 (C3), 143.2 (C7), 131.4 (= 33.2 Hz, C-CFs), 125.8 (C9), 123.5 (C8),
122.4 (q,d = 271.4 Hz, CB), 122.2 (C10), 114.1 (m, C2), 117.0 (m, C1), 47.3 (C¥),
47.2 (C*), 43.8 (C*), 40.qC*), 30.8 (C6), 28.1 (C4), 25.8 (C5).*Piperazi®: 0.5
(1:1, EtOAcn-hexane).HR-MS: calcd for GoH21FsN2OS m/z: [M + HI, 451.1273;
found: 451.1288 [Diff (ppm) = 3.25]R (KBr): 2950 (CGH), 1657 (C=0), 1621 (C=C),
1440 (C=C), 1315 (&), 1275 (GN) cm®. m.p.. 46-49 °C. Anal. calcd for
C20H20FeN20S; C, 53.33; H, 4.48; N, 6.22% found: C, 53.41; H, 4.25; N, 6.27%.
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10.27Synthesis of 1(4-methylpiperazin-1-yl)-4-(thiophen-2-yl)butan-1-one (RTC
32) (44)

Prepared from-Inethylpiperazine (71 pL, 0.65 mmol) &d-(2-thienyl)butyric acid (85
puL, 0.59 mmol) using HOBt (87 mg, 0.65 mmol), TBTU (207 mg, 0.65 mmaol),
anhydrous NEt(90 pL, 0.94 mmol) and anhydrous DMF (4 mL) and following the
general procedure described in sectl? The reaction mixture was st overnight

at room temperature under a &tmosphere. Purified using flash chromatography (3:2,
EtOAc:n-hexane) to give a yellow oil, 15 mg (10%).

IH NMR: (300 MHz, CDCY) U 7 J4 21 Hg,d=dl,2 Hz, 1H, H7), 6.9%.90 (m,

1H, H6), 6.806.79 (m, 1H, H5), 3.68.61 (m, 2H*), 3.483.40 (m, 2H*), 2.90 (tJ =
7.2 Hz, 2H, H3), 2.32.33 (m, 4H*, 2H, H1), 2.29 (s, 3H, GH 2.0721.97 (m, 2H,

H2).*Piperazine’®C NMR: (75 MHz,CDCk) & 170.9 (C=0), 144,

124.4 (C5), 123.1 (C7), 55.1 (C*), 54.7 (C*), 46.0 H15.3 (C*), 41.4 (C*), 32.0
(C1), 29.3 (C3), 27.0 (C2).*Piperazing:: 0.5 (3:2, EtOAm-hexane) HR-MS: calcd
for Ci3H21N20S m/z: [M + HJ, 2531369; found: 253.1375 [Diff (ppm) = 2.371R
(neat): 1630 (C=0), 1290 () cni™.
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10.28Synthesis of 1(4-(6-chloro-5-(trifluoromethyl)pyridin -2-yl)piperazin-1-yl)-4-
(thiophen-2-yl)butan-1-one (RTC44) (45)

Prepared from -[6-chloro-5-(trifluoromethyl)pyridin2-yl)piperazine (218 mg, 0.816
mmol) and 4(2-thienyl)butyric acid (100 uL, 0.68 mmol) using HOBt (110 mg, 0.82
mmol), TBTU (262 mg, 0.82 mmol), anhydrous BE152 pL, 1.08 mmol) and
anhydrous DMF (5 mL) and following thgeeneral procedure described in sectl@?

The reaction mixture was stirred overnight at room temperature undeatmbisphere.
Purified using flash chromatography (3:2 EtOAc:Pet. Ether) to give a beige solid, 192
mg (68%).

IH NMR: (300 MHz, CDC}) 67 (,d = 9.0 Hz, 1H, H1), 7.11 (dd,= 5.1 Hz,J =
1.2 Hz, 1H, H10), 6.98.89 (m, 1H, H9), 6.8®.79 (m, 1H, H8), 6.47 (d] = 9.0 Hz,
1H, H2), 3.723.67 (m, 4H*), 3.58.57 (m, 2H*), 3.523.49 (m, 2H*), 2.91 (t) = 8.1
Hz, 2H, H4), 2.39 (tJ = 7.2 Hz, 2H, H6), 2.091.99 (m, 2H, H5). *Piperaziné3C
NMR: (75MHz,CDC}) & 171.2 (C=0),-ClH5a82(@7),01337) ,
(g,J = 3.3 Hz, C1), 126.8 (C9), 124.5 (C8), 123.2Jq, 268.8 Hz, CE), 123.2 (C10),
112.7 (g,J = 33.0 Hz,C-CR), 103.2 (C2), 43.7 (C*), 43.4 (C¥), 43.1 (C*), 39.7 (C*),
30.9 (C6), 28.1 (C4)25.6 (C7). *PiperazinRs. 0.5 (3:2, EtOAm-hexane) HR-MS:
calcd for GgH20CIFsN3OSCI m/z: [M + HJ, 418.0962; found: 418.0953 [Diff (ppm)-=
2.23].IR (KBr): 2904 (GH), 1678 (C=0), 1641 (C=C), 1416 (C=C), 1321K}; 1120
(C-N), 698 (GCI) cmt. m.p.: 62-64 °C.
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10.29Synthesis  of  1(4-(2-bromo-4-(trifluoromethyl)phenyl)piperazin -1-yl)-4-
(thiophen-2-yl)butan-1-one (RTC62) (46)

FsC 3

Prepared from compour#t (95 mg, 0.30 mmol) and-@-thienyl)butyric acid (41 pL,
0.28 mmol) usig HOBt (41 mg, 0.30 mmol), TBTU (98 mg, 0.30 mmol), anhydrous
NEts (62 pL, 0.44 mmol) and anhydrous DMF (2 mL) and following the general
procedure described in sectitf.2. The reaction mixture was stirred overnight at room
temperature under a >Natmosphee. Purified using flash chromatography (1:1
EtOAc:Pet. Ether to give a clear oil, 60 mg (50%).

IH NMR: (300 MHz,CDCY) U 7. 82 ( s,J=BRHz H1H4), 7.12 (d& 3
J=5.1Hz,J=1.2 Hz, 1H, H11), 7.05 (d,= 8.7 Hz, 1H, H3), 6.946.91 (m, 1H, H10),
6.826.80 (m, 1H, H9), 3.83.80 (m, 2H*), 3.613.58 (M, 2H*), 3.063.03 (M, 4H*),
2.93 (t,J = 7.2 Hz, 2H H7), 2.41 (t,J = 7.2 Hz, 2H, H5), 2.1:2.01 (m, 2H, H86).
*Piperazine.l3C NMR: (75 MHz, CDC§) 171.1 (C=0), 153.0 (C2), 144.3 (C8), 131.
(q,J = 3.3 Hz, C1), 126.8 (C10), 126.3 @= 33.0 Hz,C-CFs), 125.5 (q.J = 3.3 Hz,
C4), 124.5 (C9), 123.3 (¢, = 270.0 Hz, CE), 123.2 (C11), 120.8 (C3), 119.4-{&),

51.6 (C*), 51.1 (C*), 45.6 (C*), 41.6 (C*), 32.0 (C7), 29.3 (C5), 27.0 (C6). *Piperazine.

Rf: 0.8 (1:1 EtOAc:Pet. EtherHR-MS: calcd for GoH20BrFsN2OSK m/z: [M + KT,
499.0063; found: 499.0079 [@i(ppm) = 3.1].IR (neat): 2914 (GH), 1645 (C=0),
1605 (C=C), 1432 (C=C), 1324 ), 1122 (GN), 680 (GBr) cm.
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10.30Synthesis of 1(4-phenylpiperazin-1-yl)-4-(thiophen-2-yl)butan-1-one
(RTC162) (47)

Prepared from -phenypiperazine (100 pL, 0.64 mmol) and(Zthienyl)butyric acid
(84 pL, 0.58 mmol) using HOBt (86 mg, 0.64 mmol), TBTU (205 mg, 0.64 mmol),
anhydrous NEt(129 pL, 0.93 mmol) and anhydrous DMF (5 mL) and following the
general procedure described in secti®®. The reaction mixture was stirred overnight
at room temperature under a &tmosphere. Purified using flash chromatography (3:2
EtOAcn-hexane) to give a dark red oil, 109 mg (59%).

IH NMR: (300 MHz, CDC$) U -728 (81,2H, Ar), 7.15 (dd] = 5.1 Hz,J = 1.2 Hz,

1H, H8), 6.976.93 (m, 4H, Ar, H7), 6.85.84 (m, 1H, H6), 3.83.78 (m, 2H*), 3.58

3.55 (m, 2H*), 3.173.14 (m, 4H*), 2.96 (t) = 7.2 Hz, 2H, H4), 2.43 (1 = 7.2 Hz, 2H,

H2), 2.142.04 (m, 2H, H3).*Piperaziné*C NMR: (75 MHz, CDC}) 1.0 {CZ#O),
151.0 (C1), 144.5 (C5), 129.2 (Ar), 126.8 (C6), 124.5 (C8), 123.2 (C7), 120.5 (An),
116.6 (Ar), 49.7 (C*), 49.3 (C*), 45.4 (C*), 41.5 (C¥), 32.0 (C6), 29.3 (C8), 27.0 (C7).
Ri: 0.6 (3:2, EtOAm-hexane).HR-MS: calcd for GgH23sN20S m/z: [M + HF,
315.1526; found: 315.1527 [Diff (ppm) = 0.4%R (KBr): 2915 (GH), 1669 (C=0),
1643 (C=C), 1439 (C=C), 1230 {Q) cm*.
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10.31Synthesis of 4(thiophen-2-yl)-1-(4-(p-tolyl)piperazin -1-yl)butan-1-one
(RTC33) (48)A

Prepared from compouri8b (221 mg, 1.25 mmdland 4(2-thienyl)butyric acid (166
puL, 1.13 mmol) using HOBt (168 mg, 1.25 mmol), TBTU (401 mg, 1.25 mmol),
anhydrous NEt (253 pL, 1.82 mmol) and anhydrous DMF (5mL) and following the
general procedure described in sectl@? The reaction mixture vgastirred overnight
at room temperature under a &tmosphere. Purified using flash chromatography (1:1

EtOAcn-hexane) to give an orange oil, 102 mg (24%).

'H NMR: (300 MHz, CDC}) U -7241 (inp3H, H1, H5, H12), 6.96.94 (m, 1H,

H11), 6.886.83 (m, 3H, H2, H4, H10), 3.83.78 (m, 2H*), 3.598.55 (m, 2H*), 3.12

3.08 (m, 4H*), 2.95 (tJ) = 7.2 Hz, 2H, H8), 2.43 (1] = 7.2 Hz, 2H, H6), 2.31 (s, 3H,

CHg), 2.132.04 (m, 2H, H7).*Rierazine!3C NMR: (75 MHz,CDC) U 170. 9 ( (
148.8 (C3), 144.4 (C9), 130.L{CHj3), 129.7 (C1, C5), 126.8 (C10), 124.5 (C12),

123.2 (C11), 117.0 (C2, C4), 50.3 (C*), 49.9 (C*), 45.5 (C*), 41.5 (C*), 32.0 (C6), 29.3
(C8), 27.0 (C7), 20.5 (Chi*Piperazne.Rs: 0.3 (1:1, EtOAm-hexane)HR-MS: calcd

for CigH25N20S m/z: [M + HT, 329.1682; found: 329.1687 [Diff (ppm) = 1.56R

(neat): 2917 (GH), 1642 (C=0), 1439 (C=C), 12324C) cm*.
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10.32Synthesis of 1(4-(4-(tert-butyl)phenyl)piperazin-1-yl)-4-(thiophen-2-
yhbutan-lone ( RTC72) (49) A

Prepared from compourigb (200 mg, 0.92 mmol) and-@-thienyl)butyric acid (121
pL, 0.83 mmol) using HOBt (123 mg, 0.92 mmol), TBTU (294 mg, 0.92 mmol),
anhydrous NEt(185 pL, 1.33 mmol) and anhydrous DMF (6 mL) anddwing the
general procedure described in secti®®. The reaction mixture was stirred overnight
at room temperature under a &tmosphere. Purified using flash chromatography (3:2
EtOAcn-hexane) to give a deep red oil, 292 mg (86%).

'H NMR: (300 MHz, @Cls) U 7J=3.% Hz( 2H, H3, H5), 7.16 (dd,= 5.1 Hz,J

= 1.2 Hz, H13), 6.96.95 (m, 1H, H12), 6.91 (dl = 8.1 Hz, H2, H6), 6.8%.84 (m,

1H, H11), 3.833.79 (m, 2H*), 3.668.57 (m, 2H*), 3.163.13 (m, 4H*), 2.96 (t) = 7.2

Hz, 2H, H9), 2.45 (t) = 7.2 Hz, 2H, H7), 2.12.03 (m, 2H, H8), 1.34 (s, 9H, (GH).
*Piperazine.*C NMR: (75 MHz, CDC) U0 171.1 (C=0), 148.5
143.4 (C1), 126.8 (C12), 126.4 (C5, C3), 124.5 (C11), 123.3 (C13), 116.0 (C6, C2),
50.0 (C*), 49.7 (C*), 45.5 (OQ* 41.6 (C*), 34.0 C(CH3)3), 32.0 (C7), 31.4 ((Cha),

29.3 (C9), 27.0 (C8). *PiperazinBs: 0.5 (3:2, EtOAc:Pet. EtherHR-MS: calcd for
C22H31F3N20S m/z: [M + HT, 371.2152; found 371.2170 [Diff (ppm) = 4.84R

(neat): 2961 (GH), 1643 (C=0), 1610G=C), 1450 (C=C), 1229 (®) cm™.
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10.33Synthesis of 4(thiophen-2-yl)-1-(4-(4-(trifluoromethyl)benzoyl)piperazin -1-
yhbutan-lone ( RTC86) (50) A

Prepared from compourV (50 mg, 0.19 mmol) and-@-thienyl)butyric acid (34 pL,
0.17 mmol) using HOBt (27 mg,.I® mmol), TBTU (61 mg, 0.19 mmol), anhydrous
NEt3 (38 pL, 0.28 mmol) and anhydrous DMF (3 mL) and following the general
procedure described in sectidf.2 The reaction mixture was stirred overnight at room
temperature under a >Natmosphere. Purified ugjy flash chromatography (1:1
EtOAc:Pet. Ether) to give a clear oil, 36 mg (50%).

IH NMR: (300 MHz, CDC}) U 7J =780 HZ, 8H, H1, H5), 7.52 (d,= 8.4 Hz,
2H, H2, H4), 7.137.11 (m, 1H, H14), 6.98.90 (m, 1H, H13), 6.88.76 (m, 1H, H12),
3.743.39 (m, 8H*), 2.91 (tJ = 7.1 Hz, 2H, H10), 2.38 (bs, 2H, H8), 2:0®8 (m, 2H,
H9).*Piperazine*C NMR: (75 MHz, CDC§) 4 171.2 (C6), 1689.
138.6 (C11), 132.0 (gl = 32.7 Hz,C-CFs), 127.4 (C2, C4), 126.8 (C13), 125.7 Jc&
3.3 Hz, C1, C5), 124.5 (C12), 123.6 (= 270.0 Hz, CE), 123.3 (C14), 47.4 (C*),
45.1 (C*), 42.2 (C*), 41.6 (6, 31.9 (C8), 29.1 (C10), 26.8 (C9).*Piperazif: 0.5
(1:1, EtOAc:Pet. EtherHR-MS: calcd for GoH22F3N202S m/z: [M + HJ,411.1349;
found: 411.1355 [Diff (ppm) = 1.52]R (neat): 2952 (GH), 1650 (C=0), 1631 (C=C),
1433 (C=C), 1324 (&), 1161 (CN) cm™.
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10.34Synthesis of 4(thiophen-2-yl)-1-(4-(4-(trifluoromethyl)benzyl)piperazin -1-
yhbutan-lone ( RTC95) (51) A

4

1

Prepared from compour@B (293 mg, 1.19 mmol) and-@-thienyl)butyric acid (158
pL, 1.08 mmol) using HOBt (162 mg, 1.19 mmol) TBTU (385 mdl91mmol),
anhydrous NEt(167 pL, 1.73 mmol) and anhydrous DMF (8 mL) and following the
general procedure described in sectl@? The reaction mixture was stirred overnight
at room temperature under a Atmosphere. Purified using flash chromatogragh¥ (
EtOAc:Pet. Ether) to give an orange oil, 302 mg (73%).

'H NMR: (300 MHz, CDC$) U 7J=8B.T Hz( 2H, H1, H5), 7.4 (d,= 8.1 Hz, 2H,
H2, H4), 7.09 (ddJ = 5.1 Hz,J = 1.0 Hz, 1H, H13), 6.78.78 (m, 1H, H12), 6.78.78
(m, 1H, H11), 3.64.61 (m, 2H*), 3.54 (s, 2H, H6), 3.4238 (m, 2H*), 2.89 (tJ=7.9
Hz, 2H, H9), 2.42.37 (m, 4H*), 2.34 (tJ = 7.5 Hz, 2H, H7), 2.04.96 (m, 2H,
H8).*Piperazine’>*C NMR: (75 MHz,CDC) U 171.0 (C=0), 144.
129.4 (qJ = 31.0 Hz,C-CR), 129.2 (C11), 126.7 (C13), 125.2 (r 3.3 Hz, C1, C5),
124.5 (C12), 124.2 (4] = 270.0 Hz, CB), 123.1 (C2, C4), 62.1 (C6), 53.0 (C*), 52.7
(C*), 45.3 (C*), 41.4 (C*), 41.4 (C*), 32.0 (C7), 29.2 (C9), 27.0 (C8).*Piperafie.
0.5 (1:1, EtOAc:Pet. Ether)HR-MS: calcd for GoH24FsN2OS m/z: [M + HJ,
398.1587; found: 98.1604 [Diffppm) = 4.50].IR (neat): 2940 (GH), 1638 (C=0),
1616 (C=C), 1439 (C=C), 1326 {E), 1164 (GN) cm™.
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10.35Synthesis  of  3(4-cyclohexylpiperazin-1-yl)-4-(thiophen-2-yl)butan-1-one
(RTC13) (52

Prepared from -tyclohexylpiperazie (150 mg, 0.89 mmoland 4(2-thienyl)butyric
acid (118 pL, 0.81 mmol) using HOBt (120 mg, 0.89 mmol), TBTU (285 mg, 0.89
mmol), anhydrousNEtz (180 pL, 1.29 mmol) andanhydrousDMF (6 mL) and
following the general procedure described in secfi6r?2 The reaction mixture was
stirred overnight at room temperature under aainospherePurified using flash

chromatography (3:2 EtOAwhexane) to give an orange solid, 76 mg (70%).

'H NMR: (300 MHz, CDC}) U 7 J=148 H¢, dH, H7), 6.98.89 (m, 1H, H6),
6.796.78 (m, 1H, H5), 3.63.60 (m, 2H*), 3.423.39 (m, 2H*), 2.89 (tJ= 7.5 Hz, 2H,
H3), 2.542.51 (m, 4H*), 2.372.26 (m, 3H, H1, NCH), 2.061.98 (m, 2H, H2), 1.84
1.78 (m, 4H, Cy), 1.24.11 (m, 6H, Cy).*Piperazine.l3C NMR: (75 MHz, CDC}) U
170.7 (C=0), 144.4 (C4), 126.7 (C6), 124.4 (C5), 123.1 (C7), 636HN 49.2 (C*),
48.6 (C*), 45.8 (C*), 41.8 (C*), 32.0 (C3), 29.3 (C1), 28.7 (Cy), 27.0 (C2), 26.1 (Cy),
25.7 (Cy).*PiperazineRs: 0.5 (3:2, EtOAcn-hexane) HR-MS: calcd for GgH2oN20S
m/z: [M + HJ", 321.1995; found: 321.005 [Difppm) = 3.10].IR (KBr): 2928 (GH),
1634 (C=0), 1233 (@) cmi* m.p.: 33-35 °C.
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10.36Synthesis of 4(thiophen-2-yl)-N'-(4-(trifluoromethyl)phenyl)butane
hydrazide (RTC21) (53)

5
FsC 4

Prepared from trifluoromethyl)phenyl)hydrazine (195 mg, 1.11 mmol) ang24
thienyl)butyric acid (149 pL, 1.03 mmol) using HOBt (149 mg, 1.11 mmol), TBTU
(356 mg, 1.11 mmol), anhydrous NE231 pL, 1.66 mmol) and anhydrous DMF (8
mL) and following the general procedure described in secii@2 The reaction
mixture was stirred overnight at room temperature under atidosphere. Purified
using flash chromatography (elution gradient 1:1 Et@Amxane to 2 EtOAcn-
hexane) to give an off white solid, 235 mg (69%).

IH NMR: (300 MHz, CDC}) U 7J=48.4 Hz( aH, H1, H5), 7.36 (bs, 1H, AH),
7.157.14 (m, 1H, H12), 6.956.92 (m, 1H, H11), 6.88.78 (m, 3H, H2, H4, H10), 6.38
(bs, 1H, HNC=0), 2.91 (tJ = 7.2 Hz, 2H, H8), 2.31 (1] = 7.2 Hz, 2H, H6), 2.1:2.02
(m, 2H, H7).13C NMR: (75 MHz, CDCk) U 172.7 (C=0), 150.
128.7 (q,J = 288.4 Hz, CE), 126.9 (C11), 126.6 (¢, = 3.3 Hz, C1, C5), 124.7 (C10),
123.4 (C12), 123.0 (g} = 34.2 Hz,C-CR), 112.7 (C2, C4), 32.9 (C8), 29.0 (C6), 26.9
(C7).Rf: 0.3 (1:1, EtOAm-hexane)HR-MS: calcd for GsH16F3N20S m/z: [M + HT,
330.0975; found: 330.096 [Diff (ppm) = 4.83R (KBr): 3309 (NH), 2963 (GH),
1639 (C=0), 1614 (M), 1333 (GF), 1104 (GN) cn*. m.p.: 110-112 °C.Anal. calcd
for C1sH1sF3N20S; C, 54.87; H, 4.60; N8.53% found: C, 54.44; H, 4.39; N, 8.09%.
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10.37Synthesis of 4(thiophen-2-yl)-1-(4-(4-(trifluoromethyl)phenyl)piperidin -1-
yl)butan-1-one (RTC196) (54)

4-(2-Thienyl)butyric acid (50 pL, 0.34 mmol), HOBt (51 mg, 0.38 mmol),TLB(122

mg, 0.38 mmol), anhydrous NEB5 pL, 0.54 mmol) and anhydrous DMF (2 mL) were
placed in an ovedried Schlenk tube under & Btmosphere. The resulting solution was
stired at rt for 20 mins. A second Schlenk tube, containing4-4
(trifluoromethy)phenyl)piperidine.HCI (100 mg ,0.38 mmol) and anhydroussN&5

puL, 0.54 mmol) in anhydrous DMF (2 mL) was stirred for 15 mins under;a N
atmosphere before transfaria a cannula, to the first Schlenk tube containing the
carboxylic acid. The solution ag stirred under Nat rt. After 24 hrs, the DMF was
removed under reduced pressure and the resulting oil was acidified (pH = 3) using a 0.1
M aqueous HCI solution. The aqueous mixture was extracted with DCM (20 mL,
followed by 4 x 10 mL). The organic coinled layers were washed with a saturated
aqueous solution of N&Os (3 x 20 mL) and brine (3 x 20 mL) and dried over MgSO
and the residue was purified using flash chromatography (3:2 Ethwzane) to give

an off white solid, 63 mg (48%).

IH NMR: (300 MHz, CDCE) U 7J =586 H{%, 8H, H1, H5), 7.29 (d,= 8.7 Hz,
2H, H2, H4), 7.12 (dd) = 5.1 Hz,J = 1.2 Hz, 1H, H12), 6.98.90 (m, 1H, H11), 6.82
6.80 (m, 1H, H10), 4.84.80 (m ,1H, NCH), 3.98.90 (m, 1H, NCH), 3.18.06 (m,
1H, NCH), 3.143.05 (m 1H, NCH), 2.93 (tJ = 7.2 Hz, 2H, H8), 2.82.74 (m, 1H,
ArCH), 2.672.58 (m, 1H, NCH), 2.41 (f] = 7.2 Hz, 2H, H6),2.12.00 (m, 2H, H7),
1.91-1.86 (m, 2H, CHEl), 1.681.51 (m, 2H, CHEl»). 3C NMR: (75 MHz, CDC}) U
170.8 (C=0), 149.1 (C3), 144.5 (5428.8 (q,J = 32.2 Hz,C-CFs), 127.1 (C2, C4),
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126.7 (C11), 125.5 (gl = 3.3 Hz, C1, C5), 124.4 (C10), 124.1 {5 270.4 Hz, CB),
123.1(C12), 46.0 (NCH), 42.7 (ArCH), 42.1 (NCh), 33.6 (CHCH>), 32.6 (CHCHy),
32.2 (C6), 29.3 (C8), 27.1 (CTHR-MS: calcd for GoHzaFsNOS miz: [M + HF,
382.1447; found 382.1434 [Diff (ppm) 3.39]. IR (KBr): 2947 (GH), 1635 (C=0),
1619 (C=C), 1437 (C=C), 1336 {F), 1119 (CN) cm*. m.p.: 48-49 °C.

10.38Synthesis of 5(thiophen-2-yl)-1-(4-(4-(trifluoromethyl)phenyl)pipera zin-1-
yl)pentan-1-one (RTC195) (55)

Prepared from compour2B (100 mg, 0.43 mmol) and-@hiophen2-yl)pentanoic acid

(72 mg, 0.39 mmol) using HOBt (58 mg, 0.43 mmol), TBTU (138 mg, 0.43 mmol),
anhydrous NEt(86 pL, 0.62mmol) and anhydrous DMF (4 mL) and following the
general procedure described in secti? The reaction mixture was stirred overnight
at room temperature under a &tmosphere. Purified using flash chromatography (3:2
EtOAc:n-hexane) to give an orangelisl, 41 mg (25%).

'H NMR: (300 MHz, CDC$) U 7J=8B.0 Hz( aH, H1, H5), 7.09 (dd,= 5.1 Hz,J
= 1.2 Hz, 1H, H13), 6.98.88 (m, 3H, H2, H4, H12), 6.78.78 (m, 1H, H11), 3.79
3.75 (m, 2H*), 3.613.58 (m, 2H*), 3.263.22 (m, 4H*), 2.82.85 (m, M, H9), 2.41
2.63 (m, 2H, H6), 1.8Q.73 (m ,4H, H7, H8).*Piperaziné’C NMR: (75 MHz, CDC})
a 171.3 (C=0), 152.9 (C3), JxaaHmHCi(CBHnO0),
124.6 (g,J = 269.8 Hz, Ck), 124.2 (C11), 122.9 (C13), 121.3 (I 32.0 Hz C-CHR),
115.0 (C2, C4), 48.3 (C*), 48.1 (C*), 45.1 (C*), 41.1 (C*), 32.9 (C6), 31.4 (C8), 29.6
(C9), 24.6 (C7). *PiperazineRs: 0.6 (3:2, EtOAm-hexane).HR-MS: calcd for
Ca0H24F3N20S m/z: [M + H}, 397.1556; found: 397.1541 [Diff (ppm) 3.75]. IR
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(KBr): 2930 (GH), 1637 (C=0), 1614 (C=C), 1439 (C=C), 1331KE 1230 (CN)
cmit. m.p.: 46-48 °C.

10.39Synthesis of 5(thiophen-2-yl)-1-(4-(4-(trifluoromethyl)phenyl)piperazin -1-yl)
pentan-1-one (RTC537) (56)

Prepared from copound33 (100 mg, 0.43 mmol) and-@&hiophen2-yl)pentanoic acid

(77 mg, 0.34 mmol) using HOBt (58 mg, 0.43 mmol), TBTU (138 mg, 0.43 mmol),
anhydrous NEt(87 pL, 0.63 mmol) and anhydrous DMF (4 mL) and following the
general procedure described in sectl@? The reaction mixture was stirred overnight
at room temperature under a &tmosphere. Purified using flash chromatography (4:1

EtOAcn-hexane) to give a brown solid, 120 mg (75%).

IH NMR: (300 MHz, CDC}) U 7J=#4 Hz 2H, H1 H5), 7.08 (dd,= 5.1 Hz,J
= 1.2 Hz, 1H, H14), 6.98.88 (m, 3H, H2, H4, H13), 6.76.76 (m, 1H, H12), 3.78
3.75 (m, 2H*), 3.623.59 (m, 2H*), 3.273.22 (m, 4H*), 2.83 (tJ = 7.2 Hz, 2H, H10),
2.36 (t,J = 7.2 Hz, 2H, H6) 1.761.64 (m, 4H, H7, H9), 1.48.44 (m, 2H,
H8).*Piperazine’®*C NMR: (75MHz,CDC}) U 171.5 (C=0), 152.
126.7 (C13), 126.5 (q] = 3.3 Hz, C1, C5), 124.1 (C12), 122.8 (C14), 124.6J(¢,
270.0 Hz, CB), 121.7 (g, J = 32.0 Hz,C-CFs), 114.9 (C2, C4), 48.3 (C*), 48.0 (C¥),
45.1 (C*, 41.1 (C*), 33.0 (C6), 315 (C7), 29.7 (C10), 28.8 (C9), 24.9
(C8).*Piperazine. Re: 0.5 (3:2, EtOAm-hexane). HR-MS: calcd for
CaHs0FsNsO-SNa m/z: [2M + Naj, 843.3172; found: 843.3152 [Diff (ppm)-2.27].

IR (KBr): 2926 (GH), 1641 (C=0), 1613 (C=C), 1438 (C=C), 1332R}{; 1240 (CN)
cmt. m.p.: 50-52 °C.
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10.40Synthesis  of  1(4-(4-(trifluoromethyl)phenyl)piperazin -1-yl)octan-1-one
(RTC533) (57)

F3C 4

Prepared from compoun83 (100 mg, 0.43 mmol) and octanoic acid (62 pL, 0.39
mmol) using HOBt (58 mg, 0.43 mmol), TBTU (138 mg, 0.43 mmol), anhydrous NEt
(87 pL, 0.63 mmol) and anhydrous DMF (4 mL) and following the general procedure
described in sectiorl0.2 The reaction mixte was stirred overnight at room
temperature under aoMtmosphere. Purified using flash chromatography (3:2 Et®Ac:
hexane) to give a cloudy white oil, 88 mg (63%).

H NMR: (300 MHz, CDC#) & 7J=48F H%, 8H, H1, H5), 6.92 (d,= 8.7 Hz,
2H, H2, H4), 3.807.67 (m, 2H*), 3.573.62 (M, 2H*), 3.3B.23 (m, 4H*), 2.36 (t) =
7.2 Hz, 2H, H6), 1.7A.60 (m, 2H, H7), 1.33.28 (m, 8H, CHx 4), 0.88 (tJ = 6.0 Hz,
3H, CHs).*Piperazine!*C NMR: (75 MHz,CDC}) G 171.8 (C=0),
(g, J = 3.3 Hz, C1, C5), 124.6 (§,= 269.5 Hz, CB), 121.2 (qJ = 32.7 Hz,C-CR),
114.9 (C2, C4), 48.3 (C*), 48.1 (C*), 45.1 (C*), 41.0 (C*), 33.2 (C6), 31.7-JC29.4
(CH2), 29.0 (CH), 25.3 (C7), 22.6 (CH), 14.0 (CH).*Piperazine.Rs. 0.7 (3:2,
EtOAcn-hexane)HR-MS: calcd for GoHoeFsN2O m/z: [M + HJ", 357.2148; found:
357.2136 [Diff (ppm) =3.36].IR (neat): 2927 (GH), 1641 (C=0), 1616 (C=C), 1436
(C=C), 1331 (GF), 1116 (CN) cm™.
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10.41Synthesis of 1(4-(4-(trifluoromethyl)phenyl)piperazin -1-yl)ethanone
(RTC12) (58)

F3C 4

Prepared from compour2B (150 mg, 0.65 mmol) and acetic acid (33 pL, 0.59 mmol)
using HOBt (87 mg, 0.65 mmol), TBTU (208 mg, 0.65 mmol), anbys NE$ (131

pL, 0.94 mmol) and anhydrous DMF (3 mL) and following the general procedure
described in sectiorl0.2 The reaction mixture was stirred overnight at room
temperature under aoMtmosphere. Purified using flash chromatography (4:1 Et®Ac:
hexane) to give an off white solid, 91 mg (57%).

!H NMR: (300 MHz, CDC$) U 7J=580 HZ, @H, H1, H5), 6.92 (d,= 8.7 Hz,

2H, H2, H4), 3.798.76 (m, 4H*), 3.683.61 (m, 2H*), 3.313.24 (m, 2H*), 2.14 (s, 3H,

CHs). *Piperazine™®*C NMR: (75 MHz,CDC) U4 168. 0 (C=0),J 151.
= 3.3 Hz, C1, C5), 123.5 (d,= 269.4 Hz, CB), 120.3 (qJ = 32.2 Hz,C-CFs), 114.0

(C2, C4), 47.3 (C*), 47.0 (C*), 44.8 (C*), 40.0 (C*), 20.2 (C10).*Piperazite.0.5

(4:1, EtOAcn-hexane).HR-MS: calcd for GaHieFsN2O m/z: [M + HJ, 273.1209;

found: 273.1222 [Diff (ppm) = 4.8§0IR (KBr): 2847 (CH), 1647 (C=0), 1615 (C=C),

1441 (C=C), 1336 (&), 1238 (GN) cml. m.p.: 76-80 °C. Anal. calcd for
C13H1sF3N20; C, 57.34; H, 5.55; N, 10.29% found: C, 57.16; H, 5.40; N, 9.87%.

10.42Synthesis of 3(thiophen-2-yl)-1-(4-(4-(trifluoromethyl) phenyl)piperazin-1-
yl)propan-1-one (RTC532) (59)
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Prepared from compour@B (81 mg, 0.35 mmol) and-@hiophen2-yl)propanoic acid

(50 mg, 0.32 mmol) using HOBt (47 mg, 0.35 mmol), TBTU (113 mg, 0.35 mmol),
anhydrous NEt(71 pL, 0.51 mmol) and anhyous DMF (5 mL) and following the
general procedure described in sectl®® The reaction mixture was stirred overnight
at room temperature under a &tmosphere. Purified using flash chromatography (3:2

EtOAcn-hexane) to give an orange solid, 52 mg (34%

I1H NMR: (300 MHz, CDC¥) U 7J.=4.9 Hz( 2H, H1, H5), 7.12 (dd,= 5.1 Hz,J
= 1.2 Hz, H11), 6.985.88 (m, 3H, H2, H4, H10), 6.85.83 (m, 1H, H9), 3.83.77 (m,
2H*), 3.593.56 (m, 2H*), 3.283.17 (m, 2H, H7, 4H*), 2.72 (tJ = 7.2 Hz, 2H,
H6) *Piperazine®*C NMR: (75 MHz,CDC) U0 170.2 (C=0), 152.
126.9 (C9), 126.5 (g] = 3.3 Hz, C1, C5), 124.8 (C11), 124.5 (o= 269.7 Hz, CB),
123.5 (C10), 121.3 (g} = 32.4 Hz,C-CR), 115.0 (C2, C4), 48.2 (C*), 48.0 (C*), 45.0
(C*), 41.2 (C*), 35.1 (C6), 25.5 (C7R+: 0.5 (3:2, EtOAm-hexane) HR-MS: calcd
for CigH20FsN20S m/z: [M + HT, 369.1243; found: 369.1238 [Diff (ppm)-%£.25]. IR
(KBr): 2826 (GH), 1632 (C=0), 1615 (C=C), 1441(C=C), 1338K{; 1229 (CN) cnT

1 m.p.: 50-54 C.

10.43Synthesis  of  3(4-(4-(trifluoromethyl)phenyl)piperazin -1-yl)pentan-1-one
(RTC194) (60)

Prepared from compoun®B (246 mg, 1.07 mmol) and pentanoic acid (106 uL, 0.98
mmol) using HOBt (144 mg, 0.98 mmol), TBTU (343 m@®mmol), anhydrous NEt
(216 pL, 1.56 mmol) and anhydrous DMF (6 mL) and following the general procedure
described in sectiorl0.2 The reaction mixture was stirred overnight at room
temperature under aMtmosphere. Purified using flash chromatograf@y EtOAcnh-
hexane) to give an off white solid, 178 mg (57%).
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'H NMR: (300 MHz, CDC}) U 7J=48% H%, 8H, H1, H5), 6.92 (d,= 8.7 Hz,

2H, H2, H4), 3.79B.76 (m, 2H*), 3.663.62 (m, 2H*), 3.368.23 (m, 4H*), 2.37 (tJ) =

7.2 Hz, 2H, H6), 1.694.59 (m, 2H, H7), 1.48.32 (m, 2H, H8), 0.94 ({1 = 7.5 Hz, 2H,
CHs).*Piperazine’3C NMR: (75 MHz,CDCk) U4 171.7 (C=0),J 152.
= 3.3 Hz, C1, C5), 124.6 (d,= 268.8 Hz, CE), 121.0 (9qJ = 32.7 Hz,C-CF3), 114.9

(C2, C4), 48.3 (C*), 48.0 (C*), 45.1 (C*), 41.0 (C*), 32.9 (C6), 27.4 (C7), 22.5 (C8),
13.8 (ChH).*Piperazine. Rs: 0.6 (3:2, EtOAm-hexane). HR-MS: calcd for
Ci16H22F3N20 m/z: [M + HJ, 315.1679; found: 315.1688 [Diff (ppm) = 2.9R (KBr):

2935 (GH), 1650 (C=0), 1631 (C=C), 1450 (C=C), 1337-K% 1228 (GN) cm™.

m.p.: 46-48 °C.

10.44Synthesis of 2(thiophen-2-yl)-1-(4-(4-(trifluoromethyl)phenyl)piperazin -1-
yl)ethanone (RTC536) (61)

F3C 4

Prepared from compour8 (100 mg, 0.43 mmol) and-@hiophen2-yl)acetic acid (54
mg, 0.34 mmol) using HOBt (58 mg, 0.43 mmol), TBTU (138 mg, 0.43 mmol)
anhydrous NEt(87 pL, 0.63 mmol) and anhydrous DMF (4 mL) and following the
general procedure described in sectl@? The reaction mixture was stirred overnight
at room temperature under a &tmosphere. Purified using flash chromatography (3:2

EtOAc.n-hexane) to give an orange solid, 27 mg (20%).

'H NMR: (300 MHz, CDC$) U 7J=4.8 Hz( 2H, H1, H5), 7.20 (dd,= 5.1 Hz,J
= 1.2 Hz, 1H, H10), 6.98.87 (m, 4H, H2, H4, H8, H9), 3.95 (s, 2H, H6), 3829 (m,
2H*), 3.693.65 (m, 2H*), 3.273.23 (m, 2H*), 3.183.15 (m, 2H*). *Piperazine'*C
NMR: (75 MHz, CDC}) 8.5 {C=0), 152.8 (C3), 136.1 (C7), 126.9 (C8), 126.5 (q,
J=3.3 Hz, C1, C5), 126.1 (C9), 124.8 (C10), 124.5)(g,268.4 Hz, Ck), 121.4 (9J
= 32.7 Hz,C-CR), 115.0 (C2, C4), 48.2 (C*), 47.9 (C*), 45.8 (C*), 41.5 (C*), 35.2
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(C6). *PiperazineRs: 0.5 (3:2, EtOAcn-hexane).HR-MS: calcd for G7H18F3N20-S
m/z: [M + HJ", 355.1086; found: 355.1084 [Diff (ppm)-6.56].IR (KBr): 2910 (G
H), 1644 (C=0), 1616 (C=C), 1409 (C=C), 1337R{ 1230 (GN) cm™.

10.45Synthesis  of  3(furan-2-yl)-1-(4-(4-(trifluoromethy l)phenyl)piperazin-1-
yl)propan-1-one (RTC535) (62)

Prepared from compoun83 (100 mg, 0.43 mmol) and-@uran-2-yl)propanoic acid
(54mg, 0.39 mmol) using HOBt (58 mg, 0.43 mmol), TBTU (138 mg, 0.43 mmol),
anhydrous NEt(87 pL, 0.63 mmol) and anhydrous DMF (4 mL) and following the
general procedure described in sectl@? The reaction mixture was stirred overnight
at room temperature under a &tmosphere. Purified using flash chromatography (3:2
EtOAcn-hexane) to givan orange solid, 43 mg (31%).

'H NMR: (300 MHz, CDC$) U 7 J 587 Hg, @H, H1, H5), 7.31.30 (m, 1H,

H11), 6.91 (dJ = 8.7 Hz, 2H, H2, H4), 6.28.27 (m, 1H, H10), 6.05.04 (m, 1H, H9),
3.80:3.79 (m, 2H*), 3.613.58 (m, 2H*), 3.263.21 (m, 4H*),3.02 (t,J = 7.2 Hz, 2H,

H7), 2.71 (t,J = 7.2 Hz, 2H, H6). *PiperazinéC NMR: (75 MHz, CDC}) U 17 0. :
(C=0), 154.5 (C8), 152.8 (C3), 141.1 (C11), 126.99®3.3 Hz, C1, C5), 124.5 (4,=

269.4 Hz, CB), 123.0 (9J = 32.7 Hz,C-CFs), 15.0 (C2, C4)110.3 (C10), 105.5 (C9),

48.2 (C*), 48.0 (C*), 45.0 (C*), 41.2 (C*), 31.6 (C6), 23.8 (C7).*Piperaiie0.6 (3:2,
EtOAcn-hexane)HR-MS: calcd for GgH20F3N202 m/z: [M + H]*, 353.1471; found:
353.1461 [Diff (ppm) =2.83].IR (KBr): 2921 (GH), 1625 (G0), 1616 (C=C), 1443

(C=C), 1334 (GF), 1227 (CGN) cmit. m.p.: 77-81 °C.
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10.464-(1H-Pyrazol-4-yl)-1-(4-(4-(trifluoromethyl)phenyl)piperazin -1-yl)butan-1-
one (RTC193) (63)

/
10 —NH

Prepared from compoun83 (100 mg, 0.71 mmol) and-@A@H-pyrazot4-yl)butanoic
acid (100mg, 0.65 mmol), using HOBt (96 mg, 0.71 mmol), TBTU (228 mg, 0.71
mmol), anhydrous NEt(144 pL, 1.04 mmol) and anhydrous DMF (4 mL) and
following the general procedure described in secfifr® The reaction mixture was
stirred overnight at room tempeuad under a B atmosphere. Purified using flash

chromatography (3:2 EtOAwhexane) to give an off white solid, 20 mg (10%).

IH NMR: (300 MHz, CDC}) U -747 (B,2H, H1, H5, H10, H11)), 7.06 @z 9.0
Hz, 2H, H2, H4), 3.78.62 (m, 4H*), 3.623.24 (m, 4H*), 2.60 (tJ = 7.5 Hz, 2H, H8),
2.48 (t,J = 7.5 Hz, 2H, H6), 1.91.85 (m, 2H, H7).*Piperazin®s: 0.5 (3:2, EtOAm-
hexane) HR-MS: calcd Pbr CigH2oFsN4O m/z: [M + HJ, 367.1740; found: 367.1750
[Diff (ppm) = 2.74]IR (KBr): 2954 (GH), 1647 (NC=0), 1612 (C=0), 1325 (M-
C), 1230 (GF) cn™.
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10.47Synthesis of Sphenyl-1-(4-(4-(trifluoromethyl)phenyl)piperazin -1-yl)pentan-
1-one (RTCL16) (64)

Prepared from compour88 (150 mg, 0.65 mmol) and@henylpentanoic acid (105 mg,
0.59 mmol) using HOBt (87 mg, 0.65 mmol), TBTU (208 mg, 0.65 mmol), anhydrous
NEts (131 pL, 0.94 mmol) and anhydrous DMF (5mL) and following tlemegal
procedure described in sectidf.2 The reaction mixture was stirred overnight at room
temperature under aoMtmosphere. Purified using flash chromatography (4:1 Et®Ac:
hexane) to give an off white solid, 101mg (44%).

IH NMR: (300 MHz, CDC}) 49 (& J = 8.7 Hz, 2H, H1, H5), 7.28.24 (m, 2H,
Ar), 7.187.16 (m, 3H, Ar), 6.98 (d] = 8.7 Hz, 2H, H2, H4), 3.7#8.74 (m, 2H*), 3.57
3.55 (m, 2H*), 3.223.20 (m, 4H*), 2.672.63 (m, 2H, H7), 2.32.34 (m, 2H, H6), 17
1.68 (m, 4H, CHx 2).*Piperazine’®*C NMR: (75 MHz,CDC}) U4 171.5 (C=0
(C3), 142.1 (C8), 128.4 (Ar), 128.3 (Ar), 126.5 (o= 3.3 Hz, C1, C5), 125.8 (Ar),
124.7 (qJ = 271.1 Hz, CB), 121.2 (q)J = 33.0 Hz,C-CF), 114.9 (C2, C4), 48.35 (C?*),
48.1 (C*, 45.1 (C*), 41.1 (C*), 35.7 (C7), 33.1 (C6), IL.ACH), 24.86
(CHy).*Piperazine.Rs. 0.5 (4:1, EtOAm-hexane).HR-MS: calcd for GaoH26F3N20
m/z: [M + HJ*, 391.1992; found: 391.1992 [Diff (ppm)-5.0]. IR (KBr): 2857 (GH),
1640 (C=0), 1612 (C=C), 1438(C=C), 1331-K§ 1201 (GN) cn! m.p.: 7276 °C.
Anal. calcd for CooH2sF3N20; C, 67.67; H, 6.45; N, 7.18% found: C, 67.61; H, 6.51; N,
7.18%.
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10.48Synthesis of thiopher2-yl (4-(4-(trifluoromethyl)phenyl)piperazin -1-yl)
methanone (RTC93) (65)

F4C A
3
1 N/ﬁ
2

o

6

Y

9 8

Prepared from compour8 (154 mg, 0.66 mmol) and thiophe@ecarboxylic acid (77
mg, 0.61 mmol) using HOBt (90 mg, 0.66 mol), TBTU (214 mg, 0.66 mmol),
anhydrous NEt (150 pL, 0.97 mmol) and anhydrous DMF (6 mL) and following the
general procedure described in sectl@? The reaction mixture was stirred overnight
at room temperature under a &tmosphere. Purified using flash chromatography (1:1
EtOAc:Pet. Ether) to give a green solid, 149 mg (73%).

'H NMR: (300 MHz, CDC}) U -726 (8,13H, H1, H5, H7), 7.3 (dd=3.2 Hz,J =

1.1 Hz, 1H, H9), 7.08.05 (m, 1H, H8), 6.92 (dl= 8.7 Hz, 2H, H2, H4), 3.93.89 (m,
4H%), 3.353.31 (m, 4H*). *Piperazine’*C NMR: (75 MHz, CDC}) U 163. 7
152.8 (C3), 136.6 (C6), 129(C9), 129.0 (C7), 126.8 (C8), 126.5 (4= 3.3 Hz, C1,
C5), 124.6 (g, = 269.7 Hz, Ck), 121.2 (qJ = 32.5 Hz, CCR), 114.9 (C2, C4), 48.2
(C*). *Piperazine.Rs: 0.6 (1:1, EtOAc:Pet.EtherHR-MS: calcd for GeHi6F3N20S
m/z: [M + HJ, 342.0960; found342.0974 [Diff (ppm) = 4.07]IR (KBr): 2836 (GH),
1609 (C=0), 1523 (C=C), 1442 (C=C), 1338-K{; 1072 (CN) cml. m.p.: 126:130
°C. Anal. calcd for CigH1sF3N20S; C, 56.46; H, 4.44; N, 8.23% found: C, 56.72; H,
4.62; N, 8.42%.
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10.49Synthesis of 4hydroxy-4-(thiophen-2-yl)-1-(4-(4-
(trifluoromethyl)phenyl)piperazin -1-yl)butan-1-one (RTC29) (66)

F3C 4
3 9
1 N/ﬁs
2
6K/N ©
7
10 11
12/13
HO 14
s_/
15

To a solution of compound (350 mg, 0.88 mmol) in MeOH (3 mL) was added NaBH

(66 mg, 1.76 mmol) and the suspension was heated &€ 350r 12 hrs. The reaction
mixture was concentrated under reduced pressure and the resulting solid dissolved in
EtOAc (15 mL). The organic layer was washed witOH10 mL) and extracted with
EtOAc (3 x 10 mL). The combined organic layers were dried Mg80Qs. The residue

was purified using flash chromatography (elution gradient 1:1 MeOH:DCM to 1:9,
MeOH:DCM) to give an off white solid, 350 mg (81%).

!H NMR: (300 MHz, CDC$) U 7 J =87 Hg, @H, H1, H5), 7.23.21 (m, 1H,

H15), 6.986.90 (m, 4H, H2H4, H13, H14), 5.0%6.04 (m, 1H, EIOH), 3.863.77 (m,

2H*), 3.633.60 (m, 2H*), 3.2383.18 (m, 4H*), 2.572.53 (m, 2H, H10), 2.3Q.15 (m,

2H, H11).*Piperazine’*C NMR: (75 MHz,CDC) U0 170. 0 (C=0), 15
(C12), 125.7 (C14), 125.5 (4,= 3.7Hz, C1, C5), 123.5 (q] = 270.0 Hz, CB), 123.2

(C15), 122.2 (C13), 120.13 (4~ 32.0 Hz,C-CF), 113.9 (C2, C4), 68.6 (CHOH), 47.2

(C*), 46.9 (C*), 44.1 (C*), 40.3 (C*), 32.9 (C11), 28.3 (C10). *PiperaziRe.0.17

(1:1, EtOAcn-hexane)HR-MS: calcdfor CigH22 Fs N2 O2 S m/z: [M + HT, 399.1349;

found 399.1339 [Diff(ppm) =2.32].IR (KBr): 3383, (OH),2965 (GH), 1635 (C=0),

1335 (GN), 1100 (GF) cnmit. m.p.: 120124 °C.
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10.50Synthesis of imethyl-4-(4-(trifluoromethyl)phenyl)piperazine (RTC31)
(67)202

5
FsC 4

Compound33 (283 mg, 1.22 mmol) was dissolved in absolute EtOH (5 mL) before
formic acid (795 pL, 20.90 mmol) and formaldehyde (585 pL, 6.14 mmol) were
consecutively added. The solution was heated at reflux for 3 hrs after which the EtOH
was removed under reduced pressure and the residue dissolved in mip®nalhe
agueous solution wageutralised to pH ~ 13 using saturated agueous NaH{DO
extracted with CHGI (10 mL, followed by 3 x 10 mL). The organic layers were dried
over MgSQ and concentratedn vacuo The residue was purified using flash
chromatograpy (1:1 EtOAc: Pet. Ether)give an off white solid, 216 mg (72%).

IH NMR: (300 MHz, CDC}) & 7.J=49® HZ, @8H, H1, H5), 6.89 (d,= 9.0 Hz,
2H, H2, H4), 3.273.24 (m, 4H*), 2.58.50 (m, 4H*), 2.32 (s, 3H, CM)*Piperazine.
H NMR data matches literature d&tdaHR-MS: calcd for GoHieFsN2 m/z: [M + HJ*,
245.1260; found: 245.1272 [Diff (ppm) = 4.89]

10.51Synthesis of 4(thiophen-2-yl)butan-1-ol (RD28) (68}°

To a suspension of LIAIFH(130 mg, 3.43 mmol) in THF (2.5 mL) was added a solution
of 4-(2-thienyl)buyric acid (500 pL, 3.43 mmol) in THF (2.5 mL). The suspension was
stirred for 6 hrs at rt. The reaction mixture was quenched with MeOH (2 mL) and 10%
aqueous NaOH (2 mL). The solution was neutralised with 10% aqueous HCI (2 mL)
and the aqueous layer extied with EtOAc (10 mL, followed by 3 x 10 mL). The
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combined organic layers were dried over Mg3@d the residue purified using flash

chromatography (DCM) to give a colourless oil, 481 mg (90%).

IH NMR: (300 MHz, CDC}) & 7 J4 %1 Hg,di=dl,0 Hz,1H, H6), 6.926.89 (m,

1H, H5) 6.796.77 (m, 1H, H4), 3.65 (] = 6.0 Hz, 2H, E&,0H), 2.83 (t,J = 7.8 Hz,

2H, H3), 1.781.62 (m, 4H, H1, H2), 1.60 (bs, 1H, OH}H NMR data matches
literature datZ®” HR-MS: calcd for GH1:0S m/z: [M + H}, 157.0682; found:
157.0685 [Diff(ppm) = 1.99]R+: 0.25 (DCM).

10.52Synthesis of 4(thiophen-2-yl)butyl methanesulfonate (RD31) (69)

To a solution of compoun@8 (135 mg, 0.86 mmol) and N&E(142 pl, 1.01 mmol) in
anhydrous DCM (3 mL) kept at 0 °C, was added methanesulfonyl chloride (71 ul, 0.91
mmol). The reactin mixture was maintained at 0 °C for 1 hr, followed by warming to
rt, where it was kept under vigorous stirring and.attosphere for 3 hrs. The solvent
was removed under reduced pressure and purified using flash atbgopiny (3:2
EtOAc:Pet. Ether) tgive a colourless oil, 152 mg (75%).

'H NMR: (300 MHz, CDC$) U 7 J4 21 Hgd8=d1,2 Hz, 1H, H6), 6.98.90 (m,

1H, H5) 6.806.78 (m, 1H, H4), 4.28.21 (m, 2H, H1), 2.98 (s, 3H, GH2.882.86 (m,

2H, H2), 1.831.78 (m, 4H, CHx 2).3C NMR: (75MHz, CDCk) & 143.2 ( C3.
(C5), 123.4 (C4), 122.2 (C6), 68.7 (C1), 36.3 (L128.1 (C2), 27.4 (Ck), 26.5 (CH).

HR-MS: calcd for GH1403$Na m/z: [M + NaJ, 257.0277; found: 257.0273
[Diff(ppm) = -1.6]. Rt: 0.6 (3:2, EtOAm-hexane)lR (neat): 2924 (GH), 1352 (S=0),

1173 (S=0) cm.
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10.53Synthesis of 4(4-(thiophen-2-yl)butyl) -4-(4-
(trifluoromethyl)phenyl)piperazine (RTC46) (70)

To a suspension of compoufil (29 mg, 0.12 mmol) and NGOz (26 mg, 0.24 mmol)

in acetoitrile (5 mL), was added compourd (110 mg, 0.48 mmol). The mixture was
heated at reflux for 24 hrs under vigorous agitation and atosphere. The solvent

was removed under reduced pressure and the residue was purified using flash
chromatography (3:E£tOAc:n-hexane) to give a white solid, 40 mg (91%).

'H NMR: (300 MHz, CDC$) U 7 J =807 Hg, @H, H1, H5), 7.22.10 (m, 1H,

H13), 6.926.90 (m, 3H, H2, H4, H12), 6.78.78 (m, 1H, H11), 3.33.26 (m, 4H*),

2.86 (t,J=7.2 Hz, 2H, H6), 2.6@.56 fn, 4H*), 2.42 (tJ= 7.2 Hz, 2H, H9), 1.74.68

(m, 2H, H7), 1.651.60 (m, 2H, H8).*Piperaziné3C NMR: (75MHz, CDCE) U 153 . :
(C3), 145.2 (C10), 126.7 (C12), 126.3 Jg= 3.3 Hz, C1, C5), 124.7 (d,= 269.4 Hz,

CRs), 124.1 (C11), 120.4 (g} = 32.4 Hz C-CRs), 122.9 (C13), 114.4 (C2, C4), 58.2

(C9), 52.9 (C*), 47.9 (C*), 29.7 (C6), 29.6 (C7), 26.2 (C8).*Piperazitie-MS: calcd
Ci1oH24F3N2S m/z: [M + HJ, 369.1067; found 369.1603 [Diff(ppm)-%.1]. IR (KBr):

2932 (GH), 1615 (C=C), 1469 (C=C), 1330®), 1292 (CN) cm™*. m.p.: 78-80 °C.
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10.54Synthesis of 3(4-(4-aminophenyl)piperazin-1-yl)-4-(thiophen-2-yl)butan-1-
one (RTC23) (73)

Compoun#42 (143 mg, 0.39 mmol) was dissolved in MeOH (10 mL) in a round bottom
flask and Pt@(20 mg, 0.08 mmol) was addethe resulting mixture was degassed and
purged with H (x3), stirred vigorously overnight at rt under an atmosphere.ajad

and monitored by TLC (7:1, EtOAc:DCM). The reaction mixture was passed through a
bed of Celite and the filtrate was concentratedemmeduced pressure. The residue was
purified using flash chromatography (7:1, EtOAc:DCM) to give a brown oil, 75 mg
(57%).

'H NMR: (300 MHz, CDC%) a 7.J%5%1Hzdd1.2Hz 1H, H12), 6.98.90
(m, 1H, H11), 6.866.77 (m, 3H, H1, H5, H10), 6.98.20 (m, 2H, H2, H4), 3.78.72
(m, 2H*), 3.583.50 (m, 2H*, 2H, NH), 2.9%2.88 (m, 4H*, 2H, H6), 2.38 (J = 7.2
Hz, 2H, H8), 2.081.99 (m, 2HH7).*Piperazine’*C NMR: (75 MHz,CDC}) U 16 9.
(C=0), 143.4 (C3), 142.8 (CNH 139.9 (C9), 125.7 (C11), 123.4 (C10), 122.1 (C12),
118.2 (C1, C5), 115.4 (C2, C4), 50.5 (C*), 50.1 (C*), 44.6 (C*), 40.6 (C*), 31.0 (C8),
28.2 (C6), 26.0 (C7).*Piperazind&rs: 0.5 (1:9, MeOH:DCM).HR-MS: calcd for
C18H24N30S m/z: [M + HJ, 331.1664; found: 331.1669 [Diff (ppm) = 1.5IR (KBr):

3426 (NH), 3343 (NH), 2914 (GH), 1635 (C=0), 1514 (M), 825 (NH) cmt.
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10.55Synthesis of methyl 4(thiophen-2-yl)butanoate (RTC19)(74)%%4

4-(2-Thienyl)butyric acid (1 mL, 6.86 mmol) was dissolved in MeOH (10 mL) and
concentrated B5QOs (1.15 mL, 21.95 mmol) was added was added dropwise. The
reaction mixture was stirred overnight at rt. The MeOH was removed under reduced
pressure and the residue dissolved in minim&.H'he pH was adjusted to t8ing 2

M HCI and the ageous layer was extracted with DCM (15 mL x 3). The combined
organic layes weredried over MgS®@and the solvent removed under reduced pressure.

The residue was purified using flash chromatography to give a clear oil, 1.03 g (81%)

!H NMR: (300 MHz, CDC$) it 7 . 0B=50 #idJ,= 1.2 Hz, 1H, H6), 6.96.78
(m, 1H, H5), 6.78.77 (m, 1H, H4), 2.85 (] = 7.0 Hz, H1), 3.65 (s, 3H, OGH 2.35
(t, J= 7.0 Hz, H3), 2.04..94 (m, 2H, H2)!H NMR data matches literature datAR:

0.7 (9:1, Pet. Ether:EtOACHR-MS: calcd for GH130.S m/z: [M + HJ, 207.0450;
found 207.0456 [Diff(ppm) = 2.90].

10.56Synthesis of methyl 4(5-bromothiophen-2-yl)butanoate (RD154) (75)

To a solution of compound4 (310 mg, 1.82 mmol) in THF (5 mL) at 0 °C was added
NBS (323 mg, 1.82 mmol) in small portions. The mixture was allowed to equilibrate to

rt gradually afterwhich the reaction mixture was stirred for 4 hrs. The solvent was
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removed under reduced pressure and the residue was purified using flash
chromatography (9:1, Pet.Ether:EtOACc) to give a light yellow oil, 361 mg (80%).

IH NMR: (300 MHz, CDCY) 0 6J=833 HZ, tiH, H6), 6.53 (d] = 3.3 Hz, 1H,
H5), 3.65 (s, 3H, OCH), 2.78 (t,J = 7.2 Hz, 2H, H1), 2.34 (1 = 7.2 Hz, 2H, H3),
2.01-1.89 (m, 2H, H2)H NMR data matches literature dat&.HR-MS: calcd for
CoH11BrO2SNa m/z: [M + Na], 2879566; found: 287.9576 [Diff(ppm) = 3.79s: 0.8
(9:1, Pet. Ether:EtOAC).

10.57Synthesis of 4(5-bromothiophen-2-yl)butanoic acid (RD157) (76)

Compound75 (457 mg, 1.74 mmol) was dissolved in EtOH (10 mL) and KOH (489
mg, 8.72mmol) was added. The suspension was heated at reflux and reaction progress
monitored by TLC (3:2 EtOAc:Pet. Ether). After 3 hrs the reaction mixture was allowed
to cool to rt and EtOH was removed under reduce pressure. The residue was dissolved
in H2O (1 mL), the pH adjusted to pH = 6 with 2 M aqueous HCI and the aqueous layer
extracted with DCM (20 mL, followed by 4 x 10 mL). The combined organic layers
were washed with brine (3 x 20 mL), dried over Mg®@d evaporated under reduced
pressure. The residweas purified using flash chromatography (1:9, MeOH:DCM) and
the obtained product was dissolved in minimal DCM and Pet. Ether was added until
precipitation began. The solution and precipitate were store2DatC overnight, and

the resultant solid colleetl by vacuum filtration and washed with cold Pet. Ether (20
mL) to give a beige solid, 151 mg (35%).

'HNMR: (300MHz,CDC}) U 11. 48 ( bs J=33Hz 1HHHG),6.546 . 8 3
(d,J=3.3 Hz, 1H, H5), 2.79 (1= 7.2 H, 2H, H1), 2.39 (1] = 7.2 Hz, 2H, H3), 1.97
1.90 (m, 2H, H2)13C NMR: (75 MHz, CDC}) 179.9 (C=0), 145.6 (C4), 129.6 (C6),
125.1 (C5), 109.3 (@Br), 330 (C3), 29.3 (C1), 26.2 (C2Rs: 0.6 (1:9, MeOH:DCM).
HR-MS: calcd for GH10BrO.S m/z: [M + HT, 248.9579; found: 248.9579 [Diff(ppm)
= 0].IR (KBr): 2955 (GH), 1708(C=0), 1211 (@), 797 (GBr) cmi’. m.p.: 50-54 °C.

269



Chapter 10 Experimental

10.58Synthesis of 4(5-bromothiophen-2-yl)-1-(4-(4-
(trifluoromethyl)phenyl)piperazin -1-yl)butan-1-one ( RTC30) (77) A

FsC 4

Compound76 (149 mg, 0.66 mm®| BOP (321 mg, 0.72 mmol), anhydrous BEt47

uL, 1.05 mmol) and anhydrous DCM (10 mL) were placed in an-ovierl three neck

flask under a BN atmosphere. The resulting solution was stirred at rt for 15 mins.
Compound33 (167 mg, 0.72 mmol) was added and the reaction mixture stirred under a
N2 atmosphere and monitored by TLC. After 16 hrs, DCM was removed under deduce
pressure and the resulting oil was acidified to pH = 3 using a 0.1 M aqueous HCI. The
agueous mixture was extracted with DCM (20 mL, followed by 4 x 10 mL) and the
organic layer washed with a saturated aqueous solution of NakB8©20 mL) and

brine (3x 20 mL). The organic layer was dried over Mg3@d the solvent removed
vacuoand the residue was purified using flash chromatography (1:1 EtOAc:Pet. Ether)

to give an light brown solid, 170 mg (55%).

!H NMR: (300 MHz, CDC$) U 7J=48& HZ, 8H H1, H5), 6.90 (dJ = 8.7 Hz,
2H, H2, H4), 6.84 (dJ = 3.3 Hz, 2H, H11), 6.56 (dl = 3.3 Hz, 1H, H10), 3.83.72
(m, 2H*), 3.653.52 (m, 2H*), 3.313.19 (m, 4H*), 2.83 (tJ = 7.2 Hz, 2H, H8), 2.39 (t,
J=7.2 Hz, 2H, H6), 2.08.97 (m, 2H, H7).*Pipazine.’>*C NMR: (75 MHz, CDC})
170.7 (C=0), 152.8 (C3), 146.2 (C9), 129.6 (C11), 126.83 y3.3 Hz, C1, C5), 125.0
(C10), 124.6 (qJ = 269.7 Hz, CE), 121.1 (gq,J = 32.7 Hz,C-CF), 114.9 (C2, C4),
109.0 (GBr), 48.2 (C*), 48.0 (C*), 44.9 (C*), 41.1Cf), 31.7 (C6), 29.6 (C8), 26.5
(C7). *PiperazineRys: 0.6 (1:1, EtOAc:Pet. EtherfiR-MS: calcd for GoH2:BrFsN2.OS
m/z: [M + HJ", 461.0505; found: 461.0489 [Diff (ppm)-3.46]. IR (KBr): 2957 (G
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H), 1654 (C=0), 1616 (C=C), 149 (C=C), 1333-F{; 1114 (GN), 652 (GBr) cni.
m.p.: 82-84°C.

10.59Synthesis of 1(4-(4-(trifluoromethyl)phenyl)piperazin -1-yl)-4-(5-(4-
(trifluoromethyl)phenyl) thiophen -2-yl)butan-1-one ( RTC47) (78) A

F3C 4

Trifluoromethylphenylboronic acid (15 mg, 0.07 mmahd compound?7 (15 mg, 0.03
mmol) were dissolved in anhydrous THF (1 mL). Pd@#{10 mg, 0.0075 mmol) and

2 M aqueous N£Oz (535 pL) were added and the suspension was heated at reflux
under a N atmosphere and reaction progress monitored by TLCerAdt hrs the
solution was cooled and poured onto-oméd HO and neutralised with 1 M aqueous
HCI. The aqueous layer was extracted with EtOAc (10 mL, followed by 3 x 10 mL) and
the combined organic layers were dried over MgSKhe solvent was removed Lerd
reduced pressure and the residue was purified using flash chromatography (1:1
EtOAc:Pet. Ether) to give an off white solid, 14 mg (82%).

IH NMR: (300 MHz, CDC¥) U 7J=8.Z Hz 2H, H14, H17), 7.57 (d= 8.7 Hz,

2H, H15, H16), 7.48 (d] = 8.7Hz, 2H, H1, H5), 7.21 (d] = 3.3 Hz, 1H, H11), 6.89 (d,

J=8.7 Hz, 2H, H2, H4), 6.81 (d,= 3.3 Hz, 1H, H10), 3.83.76 (m, 2H*), 3.668.22

(m, 2H*), 3.263.22 (M, 4H*), 2.93 () = 7.2 Hz, 2H, H8), 2.44 (f] = 7.2 Hz, 2H, H6),
2.142.04 (m, 2H, H7).Piperazine®C NMR: (75MHz,CDC}) U 169.8 (C=0
(C3), 144.8 (C9), 139.2 (C13), 136.8 (C12), 127.7(g33.1 Hz,C-CR), 125.4 (gJ =

3.3 Hz, C1, C5), 124.9 (C10), 124.8 {¢= 3.3 Hz, C15, C16), 124.3 (C14, C17), 123.5
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(g, J = 269.5 Hz, CE), 123.2 (C11), 123.1 (d,= 270.1Hz, CR), 120.2 (q,J = 32.5 Hz,
C-CR), 113.9 (C2, C4), 47.2 (C*), 47.0 (C*), 40.1 (C*), 43.9 (C*), 30.8 (C6), 28.5
(C7), 25.6 (C8).*PiperazineRs: 0.7 (1:1, EtOAm-hexane). HR-MS: calcd for
CaeH2sFsN20S m/z: [M + HF, 527.1586; found 527.1599 [Diff(ppne 2.36]. IR
(KBr): 2840 (GH), 1652 (C=0), 1615 (C=C), 1443 (C=C), 1323RK}{; 1110 (GN)
cmt. m.p.: 150152 °C

10.60Synthesis of 9-ox0-9-(4-(4-(trifluoromethyl)phenyl)piperazin -1-yl)nonanoic
acid (RTC15) (79

(0]
OH

Compound81 (131 mg, 0.31 mmol) and KOH (88 mg, 1.55 mmol) in EtOH (5 mL)
were heated at reflux amdaction progressionitored by TLC (3:2 EtOAc: Pet. Ether).
After 3 hrs the solution was allowed to coolrt@nd EtOH was removed under reduce
pressure. The residue wdissolved in HO (1 mL), the pH adjusted to pH = 6 with 2 M
aqueous HCI and the aqueous layer extracted with DCM (20 mL, followed by 4 x 10
mL). The organic layers were washed with brine (3 x 20 mL), dried over ¥gB®
evaporated under reduced presgargive a white solid, 99 mg (80%).

IH NMR: (300 MHz, CDC¥) & 10. 30 ( bs J=87Hgz 2lQH), H5),7. 50
6.92 (d,J = 8.7 Hz, 2H, H2, H4), 3.78.77 (m, 2H*), 3.643.62 (m, 2H*), 3.313.24
(m, 4H*), 2.392.33 (m, 4H, (C=0)8 x 2), 1.681.60 (M, 4H, (C=0O)CHCH. x 2),
1.381.33 (m, 6H, CHx 3).*Piperazine’®C NMR: (75 MHz,CDC}) U 174. 2 ( C(
170.9 (C=0), 151.8 (C3), 125.4 (&= 3.7 Hz, C1, C5), 123.5 (d,= 269.1 Hz, CB),
120.3 (q,J = 32.7 Hz,C-CFs), 114.0 (C2, C4), 47.4 (C*), 47.T%), 44.2 (C¥), 40.1
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(C*), 32.9 ((C=0OFHz), 32.1 ((C=0OFH2), 28.1 (CH), 27.9 (CH), 27.8 (CH), 24.1
((C=0)CHCHy>), 23.6 ((C=0)CHCH>).*Piperazine.Rs: 0.5 (1:19, MeOH:DCMHR-
MS: calcd for GoH2gF3sN20s m/z: [M + H]*, 401.2407; found: 401.2047 [Diff(ppre)
0]. IR (KBr): 2935 (GH), 1706 (C=0), 1617 (NC=0), 1333 (GF), 1204 (GN) cnt?
m.p.: 90-92 °CAnal. calcd for CzoH27F3N203; C, 59.99; H, 6.80; N, 7.00% found; C,
60.40; H, 6.83; N, 6.85%

10.61Synthesis of methyl 90x0-9-(4-(4-(trifluoromethyl)phenyl)piper azin-1-
yl)nonanoate (RTC56) 81)

(0]

°<

Methyl hydrogen azelate (479 mg, @:3mol), BOP (1140 mg, 206mmol), anhydrous
NEts (512 pL, 3.® mmol) and anhydrous DCM (20 mL) were placed in an exesed
three neck flask under Id> atmosphere. The resulting solution was stirred &ir 15
mins. Compoun®3 (600 mg, 2.6 mmol) was added and the reaction mixture stirred
under aN» atmospher@and monitored by TLC. After 16 hrs, DCM was removed under
reduced pressure and the resultoigwas acidifiedto pH = 3using a 0.1 M aqueous
HCI. The aqueous mixture was extracted with DCM (20 mL, followed by 4 x 10 mL)
and the organic layer washed with a saturated aqueous solution of N¢BI€@0 mL)

and brine (3 x 20 mL). The organic layemasvdried over MgS©and the solvent
removedin vacuo and the residue was purified using flash chromatography (3:2,
EtOAc:Pet.Ether) to give an off white solid, 952 mg (98%).

IH NMR: (300 MHz, CDC¥) U 7J =487 H{%, 8H, H1, H5), 6.86 (d,= 8.7 Hz,
2H, H2, H4), 3.73.69 (m, 2H*), 3.633.53 (m, 2H*, 3H, OCH), 3.273.14 (m, 4H*),
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2.332.21 (m, 4H, (C=0)Ckix 2), 1.651.48 (m, 4H, (C=0)CkCH2 x 2), 1.351.21 (m,
6H, CH x 3).*Piperazine*C NMR: (75 MHz, CDC}) 174.2 COOCHs), 171.1 (N
C=0), 152.9 (C3), 126.4 (4,= 3.3 Hz, C1, C5), 124.5 (4,= 269.7 Hz, CEk), 121.2 (q,
J=32.8 HzC-CR), 114.9 (C2, C4), 54.4 (OGH 48.3 (C*), 48.0 (C*), 45.1 (C*), 41.0
(C*), 34.0 ((C=0OFHz), 33.1 ((C=0LH2), 29.2 (CH), 29.0 (CH), 28.9 (CH), 25.1
((C=0)CHCHy>), 24.8 ((C=0)CHCHy>). *Piperazine Rt: 0.65 (3:2 EtOAc:Pet. Ether)
HR-MS: calcd for GiHzoFsN2Os m/z: [M + HJ", 415.2203; found: 415.219 [Ditbpm)
= -3.14]. IR: 2954 (GH), 1739 (C=0)OCHy), 1647 (N-C=0), 1613 (C=C), 1447
(C=C), 1334 (GF), 1160 (GN) cnmt. m.p.: 81-85 °C.

10.62Synthesis of (E)3-(dimethylamino)acrylonitrile (RD302) (90y11
| 2
/N\I/\CN

To a threeneck round bottom fl&sfitted with a reflux condenser and an addition funnel

was added cyanoacetic acid (850 mg, 9.99 mmol) and anhydrous 1,4 dioxane (20 mL).
The solution was heated at 80 °C and dimetylformamide dimethyl acetal (2 mL, 15.05
mmol) was added over 1 hr. The dan was heated at 80 °C for 1 hr after which the
reaction was cooled to rt. The solvent was removed under reduce pressure. The product
was extracted from the residue using DCM and purified using flash chromatography
(DCM) to give a yellow oil, 837 mg (870

IH NMR: (300 MHz, CDC§) o 6J=8385 Hgz,dH, H1), 3.61 (d,= 13.5 Hz, 1H,
H2), 2.80 (bs, 6H, N(Ch)). 'H NMR data matches literature datAHR-MS: calcd
for CsHoN2 m/z: [M + HJ", 97.0760; found:97.0763 [Diff (ppm) = 2.99]Rf: 0.7
(DCM).

10.63Synthesis of 1Hpyrazol-5-amine (RD305) (91)

HN N

A solution of compoun®2 (210 mg, 2.18 mmol) and hydrazine monohydrate (112 pL,
2.23 mmol) in MeOH (1 mL) was irradiated in a seateidrowave tube at 120 °C for

40 mins (100 W). MeOH was removed under reduced pressure and the residue was
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triturated using Pet. Ether to give a brown solid. The product was used without further

purification. Yellow oil, 164 mg (80%).

H NMR: (300 MHz, CROD) U 3= 3%6Hz,(1H, N=CH), 5.64 (d = 2.4 Hz,
1H, C=CH). Data matched literature d&t4HR-MS: calcd for GHsN3s m/z: [M + HJ*,
84.0556; found: 84.0558 [Diff(ppm) = 2.4%3:: 0.2 (1:10:89, NEtMeOH:DCM).

10.64Synthesis of 3phenyl-1H-pyrazol-5-amine (RD226) @3)!3°

B NH,
N~n
H
A solution of benzoylnitrile (580 mg, 4.00 mmol) and hydrazine monohydrate (200 pL,
4.10 mmol) in MeOH (2 mL) was irradiated in a sealeédrawave tube at 120 °C for
40 mins (100 W). MeOH was removed under reduced pressure and the residue was

triturated using Pet. Ether to give a brown solid. The product was used without further

purification. Brown solid, 480 mg (75%)

IH NMR: (300 MHz, CROD) Ui -7582 (61,52H, Ar), 7.4%7.28 (m, 3H, Ar), 5.94 (s,
1H, C=CH). Data matched literature d&t4HR-MS: calcd for GH1oN3 m/z: [M + HJ",
160.0869; found: 1660.0877 [Diff (ppm) = 5.061.p.: 114118°C.

10.65Synthesis of (1Hbenzo[d][1,2,3]triazo}1-yl)(thiophen-2-yl)methanone
(RD303) (94)

Thiophene2-carboxylic acid (500 mg, 3.9 mmol) was dissolved in EtOAc (10 mL) and
benzotriazole (464 mg, 3.9 mmol) adddimethylaminopyridine (47 mg, 0.39 mmol)
were added. The soloh was placed in an ice bath at 0 °C ahd, - N©O
dicyclohexylcarbodiimide (805 mg, 3.9 mmol) was added. The reaction temperature
was adjusted to rt and the solution was stirred overnight. The white precipitate was

removedvia gravity filtration and was wagd with EtOAc (3 x 10 mL). The filtrate
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was concentrated under reduced pressure and the residue was purified using flash
chromatography (DCM)The obtained product was dissolved in minimal DCM and Pet.
Ether (~ 3 mL) was added until precipitation begare $blution was stored a20 °C
overnight, and the resultant crystals collected by vacuum filtration and washed with
cold Pet. Ether (~ 20 mL) to give white needle, 890 mg (99%).

'HNMR: (300 MHz, CDCf) U 8 J53B9 Hg,dl=d1,2 Hz, 1H, H1), 8.48.39 (m,
1H, Ar), 8.188.15 (m, 1H, Ar), 7.88 (ddl = 4.9 Hz,J = 1.2 Hz, 1H, H3), 7.72.67 (m,
1H, Ar), 7.5%27.52 (m, 1H, Ar), 7.3¢7.27 (m, 1H, H2)!H NMR data matches literature
data'** Rf: 0.9 (DCM). HR-MS: calcd for GiHsNsOS m/z: [M + H}, 230.0383;
found: 230.0387 [Diff (ppm) = 1.77in.p.: 182186 °C (DCM).

10.66Synthesis of 3oxo-3-(thiophen-2-yl)propanenitrile (RD320) (95)44

0
L~
1S CN

To a solution of acenanhydraus THF €10 i) Ondler anL ,
atmosphere of Ar af78 °C, was slowly addeatBuLi (1.6 mL, 2.4mmol). The solution

was stirred at78 °C for 1 hr after which a solution of compoudi(458 mg, 2 mmol)

in THF (5 mL) was slowly added. The reaction mixturas stirred for 2 hrs a?8 °C.

After this period, the reaction mixture was warmed to rt and poure@d@n(HO mL).

The aqueous solution was acidified to pH = 3 using aqueous 1 M HCI (2 mL) and
extracted with EtOAc. The combined organic layers were drned MgSQ and the
solvent removed under reduced pressure. The residue was purified using flash
chromatography (3:2, Pet. Ether: EtOAc) to give a yellow oil, 211 mg (70%).

IH NMR: (300 MHz, CDC}) U -7778 (81, 2H, H1, H3), 7.22.19 (m, 1H, H2), 4.04
(s, 2H, CH). 'H NMR data matches literature dafARs: 0.6 (3:2, Pet. ether: EtOAC).
HR-MS: calcd for GHsNOS m/z: [M + HJ, 152.0165; found: 152.0161 [Diff(ppm)-=
2.5].
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10.67Synthesis of 3(thiophen-2-yl)-1H-pyrazol-5-amine (RD323) (9634

HNT N

A solution of compoun®5 (200 mg, 1.32 mmol) and hydrazine monohydrate (65, pL,
1.35 mmol) in MeOH (1 mL) was irradiated in a sealed microwave tube at 120 °C for
40 mins (100 W). MeOHwvas removed under reduced pressure and the residue was
triturated using Pet. Ether. The product was used without further purification. Orange
solid, 217 mg (55%)

IH NMR: (300 MHz, CDC¥) U -7D07 (0,@H, H1, H3), 6.86.83 (M, 1H, H2), 5.61
(s, 1H, H4) *H NMR data matches literature datdRs: 0.6 (3:2, Pet. ether: EtOAc).
HR-MS: calcd for GHgNsS m/z: [M + HJ, 166.0433; found 166.0441 [Diff (ppm) =
4.35]. m.p.: 5663 °C (EtOH).

10.68Synthesisof 2-iso-propylpyrazolo[1,5-a]pyrimidin -7(4H}>one ( RTC80) ( ¢

O
5| N/N\1
4 =
To a fine, stirred suspension of Na (575 mg, 0.25%d-@tom) in toluene (10 mL) was
added, in one portion, EtOAc (2.45 mL, 29.69 mmol). Ethyl formal (&L, 22.89
mmol) was added dropwise at 27 °C and the reaction mixture was stirred for 12 hrs at
27 °C. 3iso-PropytlH-pyrazots-amine (1.56 g, 12.5 mmol) in EtOH (10 mL) was
added and the reaction mixture was heated at reflux for 5 hrs. The solveetmeasd
under reduced pressure and the residudis®lved in minimal L. The aqueous
solution was acidified to pH = 2 using 6 M aqueous HCI (3 mL) which resulted in the
precipitation of an orange/brown solid. The precipitate was recrystallized from 6tOH

give an orange solid, 333 mg (15%).
IH NMR: (300 MHz,deDMSO) U 12.32 ( bgz75H4,1HM8) , 7.

6.02 (s, 1H, H2), 5.63 (d,= 7.5 Hz, 1H, H5), 3.02.93 (M, 1H, ©(CHs)2), 1.24 (d,J
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= 7.2 Hz, 6H, (CH)2). 13C NMR: (75 MHz,d¢-DMSO) &4 161.5 (C=0),
142.0 (C1), 138.9 (C4), 95.3 (CB5.9 (C2), 27.8QH(CHa)2), 22.7 ((CH)2). HR-MS:
calcd for GH12N30 m/z: [M + HJ", 178.0975; found: 178.0978 [Diff(ppm) = 1.8R:
0.5 (1:9, MeOH:DCM)IR (KBr): 3165 (NH), 1675 (C=0), 1632 (C=C), 1298 {q)
cml. m.p.: 288290 °C (EtOH).Anal. calcd for CoH1iN3O; C, 61.00; H, 6.26; N,
23.72% found; C, 61.06; H, 6.29; N, 23.54%.

10.69Synthesis of 2(tert-butyl)pyrazolo[1,5-a]pyrimidin -7(4H)-one (RTC103)
(101)53A

Iz

To a fine, stirred suspension of Na (575 mg, 0.25 %2 Iatom) in toluene (10 mL)

was added, in one portion, EtOAc (2.4, 29.69 mmol). Ethyl formate (2.01 mL,
22.89 mmol) was added dropwise at 27 °C and the reaction mixture was stirred for 12
hrs at 27 °C. BAmino-3-(tert-butyl)-1H-pyrazole (1.74 g, 12.5 mmol) in EtOH (10 mL)
was added and the reaction mixture was heatecflux for 5 hrs. The solvent was
removed under reduced pressure and the residdesgelved in minimal BEO. The
aqueous solution was acidified to pH = 2 using 6 M aqueous HCI (2 mL) which resulted
in the precipitation of an orange/brown solid. Theqggitate was recrystallized from
EtOH to give a light brown solid, 318 mg (13%).

'H NMR: (300 MHz,deDMS O) U 12. 24 (-M7g (m, 1HH4), 6NOBI(s,, 7 .
1H, H2), 5.635.61 (d,J = 7.3 Hz, 1H, H5), 1.29 (s, 9H, (G}d). 13C NMR: (75 MHz,
d-DMSO) U 161.2 (C=0), 156.5 (C3), 141. 9
32.3 (C(CHs)3), 30.03 ((CH)3). HR-MS: calcd for GoHiaNsO m/z: [M + HT,
193.1160; found: 193.1167 [Diff (ppm) = 3.6&f: 0.5 (1:9, MeOH:DCM)IR (KBr):

3155 (NH), 3085 C=CH), 2966 (CH), 1673 (C=0), 1616 (C=C) 1595 {N), 142

(C=C), 1234 (N) cn*. m.p.: Above 300°C.
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10.70Synthesis of ethyl 3-oxo-3-(4-(trifluoromethyl)phenyl)propanoate (RD74)
(102)t54

FsC 2
3 1

1-(4-(Trifluoromethyl)phenyl)ethanone (500 mg, 2.65 mmol), diethyl carbonate (3.84
mL, 31.90 mmol) and NaH (95 g, 3.98 mmol) were stirred at 80 °C for 1.5 hrs, after
which HO (5 mL) was added. The agueous mixture was neutralised with 1 M aqueous
HCI and extracté with EtOAc (10 mL, followed by 3 x 10 mL). The combined organic
layers were dried over MgGQand concentrated under reduced pressure to give a
colourless oil, 180 mg (crude yield). Compoud@2 was used without further

purification.

IH NMR: (300 MHz,dsDMS O) U B=8M 6iz, PH] H1, H4), 7.75 (d,= 8.0
Hz, 2H, H2, H3), 4.22 (] = 7.1 Hz, 2H, OCH), 4.01 (s, 2H, Ch), 1.25 (t,J = 7.1 Hz,
3H, OCHCH3). H NMR data matches literature datd. Rr: 0.6 (9:1, Pet.
Ether:EtOAC).

10.71Synthesis of ethyl 3oxo0-3-(thiophen-2-yl)propanoateacid (RD256) (103p°

b

@) )

(0]

Y

3 2

A solution of thiophene2-carboxylic acid (370 mg, 2.88 mmol),4-
dimethylaminopyriding708 mg, 5.77 mmol) and Meldrums acid (500 mg, 3.45 mmol)
in anhydrous DCM (5 mL) was cooled to 0 ., -Dicgclohexylcarbodiimide (655
mg, 3.16 mmol) was added and the reactiorpnature was adjusted to rt. The reaction
was stirred at rt for 2 hrs, after which the white precipitate was removed by gravity
filtration. The filtrate was concentrated under reduced pressure and the residue was
dissolved in absolute EtOH (16 mlp-Toluene sulfonic acid monohydrate (1.30 g, 7.2
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mmol) in EtOH (4 mL) was added and the solution was heated at reflux for 1 hr. The
EtOH was removed under reduced pressure and the residue was dissolved in EtOAc and
washed sequentially withJ0, saturated aqueolaHCQ, and 1 M aqueous HCI and

brine. The organic layer was dried over Mg2(@d evaporated under reduced pressure.
The residue was purified using flash chromatography (3:2, Pet.Ether:EtOAc) to give a
yellow oil, 225 mg (39%).

IH NMR: (300 MHz, CDC§) 86785 (m, 1H, H3), 7.62.60 (m, 1H, H1), 7.07
7.04 (m, 1H, H2), 4.10 (g, = 7.5 Hz, 2H, OCHh), 3.83 (s, 2H, Ch), 1.16 (t,J = 7.5 Hz,
3H, OCHCHs). H NMR data matches literature dataHR-MS: calcd for GH110sS
m/z: [M + H]*, 199.0423found 199.0418 [Diff(ppm) =2.87].Ry: 0.6 (2:3, Pet. Ether:
EtOAC).

10.72Synthesis  of  Z(tert-butyl)-5-methylpyrazolo[1,5a]pyrimidin -7(4H)-one
(RTC101) (104) A

0]

Prepared from famino 3-(tert-butyl)-1H-pyrazole (400 mg, 2.87 mol) and ethyl 3
oxobutanoate (330 pL, 2.61 mmol) using AcOH (10 mL) and following the procedure
described in sectiorl0.4 The reaction mixture was heated at reflux for 4 hrs.
Compound104 was triturated from EtOAc (6 mL) to give an off white solid, 46§ m
(78%).

'H NMR: (300 MHz,deDMSO) U 12.07 (bs, 1H, NH) , 5.
H5), 2.26 (s, 3H, Ck), 1.28 (s, 9H, (Ch)s). 13C NMR: (75 MHz,ds-DMSO)li 16 4. 2
(C=0), 156.2 (C4), 149.5 (C3), 141.8 (C1), 94.8 (C5), 84.7 (C2), &ZBHz)3), 30.0
(C(CHs3)3), 18.5 (CH). Rt: 0.6 (1:9, MeOH:DCM)HR-MS: calcd for GiH1eN3O m/z:

[M + H]", 206.1288; found: 206.1298 [Diff(ppm) = 4.68R (KBr): 3158 (NH), 1681

(C=0), 1613 (C=C), 1579 @M) cml. m.p.. Above 300 °C.Anal. calcd for
C11H1sN30; C, 64.36H, 7.37; N, 20.48% found; C, 64.21; H, 7.20; N, 19.96%.
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10.73Synthesis of 2(tert-butyl) -5-ethylpyrazolo[1,5-a]pyrimidin -7(4H)-one
(RTC54) (105)

O

Prepared from famino 3-(tert-butyl)-1H-pyrazole (100 mg, 0.71 mmol) and ethyl 3
oxopentanoate (93 pL, 0.64 mmol) using AcOH (15 mL) and following the procedure
following the procedure described in sectith4 The reaction mixture was heated at
reflux overnight. Compound05 was triturated from EtOAc (4 mL) to give a white
solid, 53mg (33%)

'H NMR: (300 MHz,deDMSO) U0 5. 96 (s, 1H, H2) , 5.
NH), 2.582.56 (q,J = 7.2 Hz, 2H, CH), 1.28 (s, 9H, (CH)3), 1.20 (t,J = 7.2 Hz, 3H,
CHg). 3C NMR: (75 MHz,deDMSO) U 164. 3 (C=0), 156. 5
(C1), 93.3 (C2), 84.8 (C5), 32(8(CHa)3), 30.0 ((CHY)3), 25.5 (CH), 12.5 (CH). R

0.6 (1:9, MeOH:DCM)HR-MS: calcd for G2H1eN3O m/z: [M + HI", 220.1444; found:
220.1453 [Diff (ppm) = 3.74]IR (KBr): 3250 (NH), 2963 C=CH), 1678 (C=0),

1619 (C=C), 1484 (C=C), 1217 {8€) cm* m.p.: Above 300°C.

10.74Synthesis of 2(tert-butyl)-5-iso-propylpyrazolo [1,5-a] pyrimidin -7(4H)-one
(RTC102) (106)

5 N N\
o

Prepared from famino3-(tert-butyl)-1H-pyrazole (400 mg, 2.87 mmol) and ethyl 4
methyl3-oxopentanoate (421 ul2.61 mmol) using AcOH (10 mL) and following the
procedure described in sectib®.4 The reaction mixture was heated at reflux for 4 hrs.

CompoundLO6was triturated from EtOAc (8 mL) to give a white solid, 72 mg (65%)

HR-MS: calcd for GeHszsNeO2Na m/z: [2M + NaJ; 489.2948; found: 489.2966
[Diff(ppm) = 3.68]. Rt: 0.6 (1:9, MeOH:DCM).IR (KBr): 3174 (NH), 2963 (GH),
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1676 (C=0), 1630 (C=C), 1576 {N), 1238 (GN) cm*. m.p.: Above 300 °CAnal.
calcd for Ci13H1gN3O; C, 66.92; H, 8.21; N, 18.01% found; C6.83; H, 8.13; N,
18.40%.

10.75Synthesis of 2,Ei-tert-butylpyrazolo[1,5-a]pyrimidin -7(4H)-one (RTC55)
(107) A

Prepared from famino 3-(tert-butyl)-1H-pyrazole (100 mg, 0.71 mmol) and ethyl 4,4
dimethyt3-oxopentanoate (116 pL, 0.65 mmol) using AcOH (10 nigd #ollowing the
procedure described in sectidtD.4 The reaction mixture was heated at reflux
overnight. Compound07 was triturated from EtOAc (5 mL) to give a white solid, 42
mg (23%).

!H NMR: (300 MHz, COD) U 6.08 (s, 1H, H5), 5.74
(CHs)s x 2)13C NMR: (75 MHz, CQxOD) u 166.6 (C=0), 161.
142.1 (C3), 91.4 (C5), 85.4 (C2), 34B(CHz)3), 32.3 C(CHga)3), 29.2 ((CH)3), 27.6

((CHg)3). Rf: 0.6 (1:9, MeOH:DCM).HR-MS: calcd for G4H22NsO m/z: [M + HT,
248.1757; found: 248.1768 [Diff(ppm) = 4.43R (KBr): 3090 (NH), 2965 (GH),

1670 (C=0), 1614 (C=C), 1570 (NH), 1481 (C=C), 124N)&m™. m.p.: Above 300

°C.

10.76Synthesis  of  Z(tert-butyl)-5-phenylpyrazolo[1,5a]pyrimidin -7(4H)-one
(RTC81) (108)A

Prepared from famino 3-(tert-butyl)-1H-pyrazole (400 mg, 2.87 mmol) and methyl 3
oxo-3-phenylpropanoate (448 uL, 2.61 mmol) using AcOH (10 mL) and following the
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procedure described in sectib@.4 The reaction mixturevas heated at reflux for 4 hrs.
CompoundlO3was trituratedrom EtOAc (5 mL) to give a white solid, 256 mg (40%).

'H NMR: (300 MHz,dsDMSO) U 12. 35 -7.87,(m, 2H{Ar), Ne&F)53 7. 8
(m, 3H, Ar), 6.09 (s, 1H, H2), 6.00 (s, 1H, H5), 1.32 (s, 9€Hs)3). 3C NMR: (75
MHz,deDMSO) U0 164.7 (C=0), 156.3 (C4), 149.
(Ar), 129.0 (Ar), 127.1 (Ar), 93.6 (C2), 86.0 (C5), 32A&(CHa)3), 30.0 ((CH)3) HR-

MS: calcd for GeH17N3ONa m/z: [M + NaJ, 290.1264; found: 2902¥8 [Diff(ppm) =

4.73].IR (KBr): 3433 (NH), 3127 (GH), 1656 (C=0), 1611 (C=C), 1492 (C=C) ¢m

m.p.: Above 300°C. Anal. calcd for C16H17N3O; C, 71.88; H, 6.41; N, 15.72% found:

C, 71.71; H, 6.62; N, 15.79%.

10.77Synthesis of  2iso-propyl-5-methylpyrazolo[1,5-a]pyrimidin -7(4H)-one
(RTC60) (109) A

0]

Prepared from -8so-propyt1H-pyrazol5-amine (241 mg, 1.92 mmol) and ethy 3
oxobutanoate (222 pL, 1.75 mmol) using AcOH (10 mL) and following the procedure
described in sectiorl04. The reaction mixture was heated at reflux for 4 hrs.

CompoundLO9was triturated from EtOAc (6 mL) to give a beige solid, 232 mg (69%).

H NMR: (300 MHz,de-DMSO) & 12.13 (bs, 1H, NH), 5.
H5), 3.022.88 (m, 1H, €I(CHs)2), 2.5 (s, 3H, CH), 1.23 (d,J = 6.9 Hz, (CH)). 13C

NMR: (75 MHz,deDMSO) U0 161.4 (C=0), 156.1 (C4),
(C5), 58.1 (C2), 27.8CGH(CHs)2), 22.2 ((CH)2), 18.4 (CH). HR-MS: calcd for
C10H14N30 m/z: [M + HJ', 193.1160; found: 193.1¥€Diff(ppm) = 3.88].Rf: 0.5 (1:9,
MeOH:DCM). IR (KBr): 342 (N-H), 2963 (GH), 1679 (C=0), 1626 (NH), 1578

(C=C), 1409 (C=C), 1285 (@) cm*. m.p.: 262-265°C.
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