Synthesis of prenylated pterostilbene and testing of its effect on human
colon epithelial cells

HaCO

Do

HyGO

Master thesis in chemistry & medicinal biology

Author: Bob Nikzad
Supervisor: Bill Goldring
Ole Vang

\(AS ROsy,
® <0,
R 4.

NI
Al g~
vira - 5

$

Q\

>

© mors ™

Department of science, system and models
Roskilde University

September 2016



Acknowledgement

This thesis is written in chemistry & medicinal biology at Roskilde University. The present work
has been carried out at the department of Science system and models at Roskilde University during
the period of September 2015 to September 2016, under the supervision of associated Professor Ole
Vang and Bill Goldring.

First, 1 would like to thank Ole Vang and Bill Goldring for their guidance and support during this
project. Further, | would like to thank Professor Poul Erik Hansen for great guidance during the first
6 month of my thesis. | would like to thank laboratory technician Marianne Laudrisen for the
introduction to the cell laboratory. I would also like to thank laboratory technician Annette
Christensen, Britt Clemmensen and Jacob Krake for running of all NMR and GC-MS samples.

I would also like thank the students from the master group and the MMDC group for relevant
discussion and good time during work in laboratory.

Lastly, I would like to thank Ph.D. Bahjat Saeed for his help and his vast knowledge in chemistry.



Abstract

RV and its lesser studied analogue Pter are a naturally occurring phytoalexin found in grapes and
blueberries, respectively. There is evidence of the protective effects of resveratrol and some other
stilbenoids which include anti-proliferative, anti-inflammatory and anti-oxidant. Different studies
have shown that by prenylation of polyphenolic compounds can improve its biological and its

pharmacological properties.

In the present study prenylated pterostilbene (Pr. Pter) was synthesized in 6 steps. Characterization
of compounds was carried out with "HNMR and GC-MS. This compound commercially unavailable
and it was not synthesized before. The effect of the compound on human colon cancer cell line
DLD-1 cells was investigated. The effect of Pr.Pter, Pter and RV on cell growth, cell viability, cell
cycle progression and apoptosis was examined by Coulter counter, MTT and FACS assay. Cell
morphology was also studied by phase contrast microscopy and the cell diameter was measured by
FitterBJO3 program.

It was found that Pr.Pter, Pter and RV reduce the cell number and the effect is both time and dose
dependent. The ICs values of Pr. Pter and Pter were determined with MTT assay. The I1Csp values
for Pr.Pter exposure were 39.6uM and 29.70uM after 48 and 72 hours respectively. Further,
treatment the cells with Pr.Pter reduced the cell diameter and arrested the cells in G; phase after 24

hours and G, phase after 72 hours.

It was found the ICs, for Pter exposure were 42.7uM and 30.3uM at 48 and 72 hours respectively.
Pter and RV treatment increased the cell diameter at 24, 48 and 72 hours. It was observed that Pter
and RV arrested the cells in S phase at 24, 48 and 72 hours.

In conclusion, Pr.Pter and Pter reduce the cell number and 1Cs, showed better activity for Pr.Pter.
The cell diameter was increased after treatment of the cells with Pter and RV, while the cell
diameter was reduced after treatment with Pr.Pter. These finding indicated that Pr.Pter has another

targeting molecule, however further investigations are needed.



Abstrakt

RV og nogle andre stilbenoider er naturligt forekommende kemisk stoffer, som findes i druer og
baere. Over de seneste par artier, har RV og analogen, Pter varet et meget attraktive forsknings
emner grundet dets beskyttende virkningsmekanismer som omfatter anti-proliferativ, anti-cancer,
anti-inflammatorisk og antioxidant. Ydermere har undersggelser vist at en prenylering af
polyphenol stoffer kan forbedre dets biologiske og farmakologiske egenskaber.

| denne studie, Pr. Pter blev syntetiseret i 6 trin. Det nye syntetiseret stof er kommercielt
utilgeengeligt og er ikke blevet syntetiseret for. Efter syntetisering blev produktet karakteriseret med
'HNMR og GC-MS, hvorefter forskellige teknikker s&som Coulter counter, MTT og FACS var
brugt til at undersgge effekten af Pr. Pter, Pter og RV, pa kolon cancer cellelinje DLD-1 celler.
Herunder har vi undersggt cellevakst, celle antal, cellecyklusprogression og apoptose. Derudover
blev cellemorfologi undersggt med fasekontrast-mikroskopi og cellediameteren blev determineret
med FitterBJO3, programmet.

Dette studie har vist, at Pr. Pter, Pter og RV har en hemmende effekt pa celletallet men den
observeret effekt er tid- og dosisafhaengig. 1Cso vaerdierne for celler, der er behandlet med Pr. Pter
var 39.6puM og 29.7uM efter henholdsvis 48 og 72 timer. Medmere viste celler behandlet med Pr.
Pter en reduceret cellestarrelse og cellerne ophobede sig i G1 fase efter 24 timer samt G2 efter 72
timer.

Desuden viste ICsq for celler der var behandlet med Pter viste 42.7uM og 30.3uM efter henholdsvis
48 og 72 timer. Derudover viste celler behandlet med Pter, efter 24, 48 og 72 timer, en stigende

cellestarrelse og cellerne ophobede sig i S fase ved 24,48 og 72 timer.
De viste resultater indikerer at Pr. Pter virker pa en anden made og herunder ma pavirke forskellige

mekanismer sammenlignet med Pter og RV. Dette studie konkludere, at Pr. Pter og Pter reducerede

celleveksten og 1Cso viser bedre aktivitet for Pr. Pter sammenlignet med Pter.
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Introduction

Cancer in different forms is one of the leading causes of death in human population and a major
health problem in the world. Colorectal cancer is the third most common cancer in the men and the
second most common in the women with higher incidence rate from western countries’. Diet,
nutrient and lifestyle factors are believed to act as pro and antitumor risk modifiers across the entire
multistep process of colorectal tumorigenesis®. Difference in rates by country, and elevated risk
among second generations of new migrants from a low to high risk country support effect of
environmental factor in colorectal cancer risk. Regular consumption of vegetables and fruits is
associated with reduced risk of cancer, particular cancer of digestive tract. Because polyphenolic
compounds such as resveratrol which are found in fruits and vegetables can switch on or turn off
specific signalling molecule pathway and preventing abnormal cell proliferation or cell growth.®**
RV & Pter with similar structure are natural polyphenolic compounds that are found in red wine and
blueberries respectively.®’ The bioactivity of resveratrol has been studied extensively and its anti-
tumorigenesis effect in different cell line has attracts many attention®°. Other stilbenoids such as
Pter share many of RV bioactivities, including anti-cancer activities'®. Different studies have shown
by prenylation of polyphenolic compounds such as flavonoids and stilbenoids can improved its
biochemical and pharmacological properties.***?* It is believed that prenyl portion act as a
transporter of the phenolic portion through the cell walls and combination of a prenyl group with a
phenolic backbone can provide a series of new interesting biological activities. Therefor the
presence of isoprene side chain in different positions plays as an important role in biological

activity of polyphenolic compounds™.

Aim
The aim of this thesis is synthesis of prenylated pterostilbene (Pr.Pter) and testing of its biological

activity on human colon cancer cell line DLD-1 to see if the presented of the prenylated side chain

has any effect on its biological activity.



Chapter 1

Background

This chapter reviews the theory behind cancer, cell cycle, biology and chemical properties of
polyphenolic compounds. The review contains the basic information for the subject in question.
Cancer is a multiple process involving abnormal activation of oncogenes, inactivation of tumour
suppressor genes, through mutation and genomic instability which increasing capacity for
proliferation, survival, invasion and metastasis™®. These mutations can be either inherited or
mutations that are acquired in somatic cells during tumour development. In 2000 Hannah &
Weinberg proposed the six hallmarks of cancer which explain difference between a cancer cell and

a normal cell (see figure 1). A short description of the six hallmarks of cancer is given.

Figure 1

This figure summarizes common feature that find in different neoplastic diseases'*. Not all of the hallmarks

are seen in all types of cancer.



1-6-Self-sufficiency in Growth factor

Normal tissues accurately control production and the release of growth promoting signals. But
cancer cells can produce both growth factors and their receptors, resulting in autocrine proliferative
stimulation. They can also send signal to normal cell within the stroma, which in turn supplying the

cancer cells with various growth factor®.

2-6-Evading Growth suppressor

Cancer cells can also evade growth suppressors, which are often tumour suppressor genes (TSGS).
Growth suppressors prevent cell growth and proliferation when cells become abnormal. Both RB
and p53 are TSGs, which function in cell cycle arrest, DNA repair and apoptosis. In cancer cell
TSGs are usually mutated. Alternations in TSGs are found in almost all cancer cells including

colorectal cancer *°.

3-6-Evading Apoptosis

Programmed cell death by apoptosis serves as a barrier against cancer development. The regulators
and the effectors of apoptotic pathway are deregulated in cancer cells, so they can survive in stress

conditions.*®

4-6-Sustained angiogenesis

Angiogenesis is a process which new blood vessels form, from pre-existing vessels. This is a
normal and vital process in growth and development of tissues. Cancer cells as well as normal cell
need to oxygen and nutrient to grow and will undergo apoptosis without oxygen and nutrient.
Cancer cell secret pro-angiogenetic factors such as VEGF which recruit endothelial cells and
promote grow of new vessels. Vascular Endothelial Growth Factor (VEGF) is up-regulated in many

types of cancer.’”*®



5-6-Invasion & metastasis

Many cancer cells will metastasize when the primary tumour reaches a certain size. They can
become invasive and enter into other organs through bloodstream or lymphatic system. Metastatic is

the main cause of cancer related death.'%

6-6-Limitless replicative potential

Non cancer cell dies or stop growing and enter senescence after a certain number of cell division
but cancer cells like stem cells have a limitless replicative potential and follow uncontrolled
proliferation which leading to the production of a tumour. It is believed that immortalization is
linked to telomere length. Telomeres are complex structures which protect the ends of the
chromosomes, as they shorten in non-immortalized cell, because of the absence of telomerase.
Telomerase is an enzyme which adds DNA repeat sequence at the end of telomers. Up-regulation of

telomerase is found in many types of cancer.'***

Colorectal cancer

CRC which arises from the colon or rectum is the third most common type of cancer globally™.
According to GLOBOCAN, about 600.000 are dying each year from colorectal cancer. In Denmark
39.253 cancer cases was registered in 2014 which has an increasing of 5.8 per cent in compare to
2013(37.075). The incident rate was 609 (pr. 100.000 persons) which is 1.5 pct. higher than in 2013

and this is because a significant increase in diagnose of CRC in both men and women?.
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Figure 2

Incidence rate of cancer from 2005 to 2014 based on www.sst.dk *°
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The development of CRC is a slow process. The entire process, from the first cellular change until
cancer is developed, takes about 10 years®*. CRC incidence rate are highest in the western world
and counties with a western lifestyle. Inflammatory bowel disease, smoking, obesity increase the
risk of CRC. Metastatic, most prominently to the liver is occurring to 40% of CRC patient and 50%
will die of it?>. Only about 5% CRC cases are inherited, where important TSGs or DNA repair

genes are inactivated®.

Anatomy of colon and rectal

The colon and rectum are located in the abdominal cavity starting in the right lower quadrant with
the caecum where the small bowel enters the large bowel. Then colon continues upward into
ascending colon before it turns via the right flexure to transverse colon. This part is defined as the
right colon. The remaining part of the colon consists of the left flexure, descending colon, before it
reaches the sigmoid colon is defined as the left colon. The rectum is defined as the section that is 15
cm from the anal verge. One-third of colorectal patients have rectal cancer, while two-thirds have

colon cancer®.

Left flexure

Transverse
Right flexure colon

Descending colon

Ascending
colon

g

Cecum \ Sigmoid colon
aeaa T Recto-sigmoid junction
Appendix
vermiformis T Rectum
Anus
Figure 3

Anatomy of colon and rectum?*
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The intestinal wall is composed of four layers: serosa, muscularis, submucosa and mucosa from
outside to inside as shown in figure 4.2° Each layer has different tissues and functions. The serosa
layer consists of connective tissue and cover digestive tube. The muscularis layer surrounds
submucosa and is responsible for intestinal peristalsis. The submucosa layer is rich in vessels like
arteries, lymphatic and nerves supply intestine with blood. The innermost layer is the mucosa which
is lined by absorptive and secretor epithelium. The epithelium consists of simple columnar
epithelium layer with millions of crypt that are finger like invaginations of the epithelium into the
underlying connective tissue. The enterocyte, enteroendocrine, goblet and stem cells are found in
the crypt. The enterocyte are absorptive cells, while enteroendocrine and goblet cells are secretory
and secrete various gut hormones. All these type of cells originate from the stem cells that are found

in the bottom of crypt. 95% of all CRCs are derived from crypt epithelium*
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Crypt B Absorprive cells
" B Goblert cells
Stem cells and Paneth
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Figure 5%

The epithelial renewal occurs in the crypt through a coordinate series of events by stem cell which
is compensated by apoptosis. In normal condition cells proliferated at the bottom of crypt,
differentiated as they migrated from the base crypt toward the surface. They die and extruded into

lumen. In colon cancer there is an expansion of the proliferative zone to the whole crypt.



Morphological change in CRC

One of the earliest events in CRC is change of the proliferative pattern of epithelial cells in the
colonic crypt; resulting crypts which are appear larger, thicker and darker than normal under light
microscope. These crypts are referred as aberrant crypt or aberrant crypt foci (ACF) in the cluster
form . A Small number of ACF will progress to a tumour mass or polyp which is protrusion into
the lumen. Histologically, polyp can be either hyperplastic (non-neoplastic) or dysplastic
(adenomatous) polyp. Hyperplastic is consists of large number of cells with normal morphology and
dysplastic is consists of large number of cells with abnormal morphology. A dysplastic polyp can
grow in disorganized fashion from premalignant adenoma to lesions called carcinoma through
several genetic alternations. Finally, malignant adenoma-carcinomas are characterized by the ability

to invade the surrounding tissues and migrate to distal organ for example liver can forms?*232¢,
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Figure 6

The adenoma carcinoma sequence: stepwise progression from normal epithelium to carcinoma due to a

series of genetic change

Genetic changes in CRC

CRC occurs as a result of a sequence of genetic mutation and genomic instability in a step wise
manner that lead to uncontrolled cell division and tumour formation. ldentification of genetic
abnormalities that accumulate in a step wise manner has led to a well-known model, called the

adenoma carcinoma sequence introduced by Fearon and Vogelstein®.



Mutation and inactivation of adenomatous polyposis coli (APC) tumour suppressor gene is present
already at the ACF stage and early stage in CRC *°. Mutation at APC gene results in the activation
of Wnt signalling which promotes the formation of small adenomas in the form of polyps®.
Mutation at KRAS oncogene represents the second step in the adenoma carcinoma sequence, KRAS
mutation leading to the activation of the Ras/Raf/MEK/ERK signalling pathway. Activation of this
signalling pathway results in activation of genes that involved in cell proliferation, apoptosis, cyclin
and cyclin dependent kinase**2. Mutation in other oncogenes like BRAF is also found among
adenomas®. At least 50% of large adenomas and 75% of carcinomas show loss of heterozygosity
(LOH) at large arm chromosome 18. LOH at short arm chromosome 17 is also correlated with
transition from benign adenoma to invasive cancer®** *. Mutation in tumor suppressor gene
SMAD 2/4 and TP53 have also been identified*. P53 is a multifunctional protein essential for cell
growth control and is also known as the “guardian of the genome™ because it can block cell
proliferation, when DNA damage is presence®. Inactivation of p53 is a key genetic step in the
development of colorectal cancer and often coincides with the transition from large adenomas into
invasive carcinomas®’. The identification of these genetic changes has provided important

information in the cellular process underlying tumorigenesis in the CRC.

Diagnosis and Treatment

CRC has not specific symptom until it reaches an advanced stage, but non-specific symptoms such
as abdominal pain, change in bowel habits, weight loss and blood in feces are available. The
diagnosis is made by fecal occult blood test, endoscopy, colonoscopy and CT colonography®. Once
diagnosis is made, the disease should be staged. Staging is very important for making the best
treatment and determining the patient prognosis. Two classification systems are being used for the
staging of the CRC: Dukes classification and TNM system. Staging is usually done by the tumour-
node- metastasis (TNM) staging system which was introduced in 1978 by UICC. In the TNM
system patient are stratified according to depth of tumour (T), positive lymph node (N) and distance

metastasis (M). Surgery and chemotherapy is widely used for treatment of all stage of CRC".
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TNM and Duke's classification system®

Many of the molecular changes that are associated with cancer cells occur in cell signalling
pathway that regulates cell proliferation and apoptosis. Therefor understanding the mechanism
behind the cell cycle and apoptosis give us important information for the following action of a
natural product compound or drug on cancer cells. In the following section a review of the basic

concept of the cell cycle and apoptosis is given.

Cell cycle

The eukaryote cell cycle consists of two basic parts: interphase and mitosis (see figure 7).
Interphase can further divided to G; phase, S phase and G, phases. During gap phase 1(G; phase),
synthesis phase (S phase), and G, phase the cell grows, duplicates DNA and prepare for mitosis
phase (M phase), in which one cell divided into two identical cells. The M phase can also divide
further into pro-, meta-, ana- and telophase preceding the cytokinesis. During G; phase the cell
metabolically active and grows but does not replicated its DNA. If DNA damage detected, Gican be
delayed to allow time for repair. G;is follow by S phase (synthesis phase) which DNA replication
takes place and cell increase in size. Then S phase follow by G, which cell grows, proteins are
synthesized in preparation for mitosis. Depending on the type of the cell some cells come out of the
cell cycle, while still remaining viable, this is known as Gy phase. Cell in Gy phase can continue
towards proliferation when growth factors and nutrients are available or toward apoptosis if
necessary. Through the cell cycle three different check point: start check point or G; check point, G,

IM check point and metaphase anaphase checkpoint or M check point exist, where the cycle can be



arrested if for example defect in DNA synthesis®. During the cell cycle arrest repair mechanism is

activated and preventing the defects to be inherited by daughter cells.

ok
‘(\60\‘?0\
& wWwe
&9
IS & Cyclinap M Phase /_\
> ¥ Cyclin D ;
CDK1 Cell division ye Cyelin C

DK4/6

Gy phase
G, phase

Cyclin E o
S
CDK2 &%°

6\&6

Cyclin A Cyclin A
CDK1 Interphase CDK 2

Figure 7
Cell in the Gy enter G; when concentration of cyclin C increase and cyclin C is associated with Cdk3.
Binding of Cyclin E to Cdk2 is necessary for transition from G; to S phase. Association of cyclin A with
Cdk2 is required for passage into S phase while association with Cdk1 is required for completion of S phase
and entry into G, phase. CyclinB-Cdk1 controls event and completion of mitosis. The G, phase provides a
break between DNA synthesis and mitotic division. This is important because this gap can ensure DNA
replication is correct. The gap phases separate two active phases allowing proper completion of the previous

phase.

Cyclins & CDKs

The cellular checkpoints controls with different molecular mechanism such as cyclin and cyclin
dependent kinase (CDK). Cyclins are a group of proteins that regulated the cell cycle, as these are
formed and destroyed at specific time point. They named cyclin because of the cyclical
concentration during the cell cycle®. Cyclins can be divided into four classes G1/S cyclins, S
cyclins, G, cyclins and M cyclins. They form complexes with cyclin dependent kinases (Cdks)
which in contrast to cyclins have stable concentration during the cell cycle. Once they form
complexes, Cdks become active kinases that phosphorylate target molecule such as retinoblastoma
protein (pRb) which is an inhibitor of transcription factor E2F. Phosphorylation of Rb promotes

release of transcription factor E2F and bring the cell from G; phase to S phase***2,



Table 2

Class Cycln CDK

Gl D(1.2.3) CDK4, CDK6
GL/S E.D CDK2, CDK4
S A CDK2, CDK1
M B CDK1

Cyclins can subdivided further, for example D1, D2 and D3* as shown in the table
Cyclins are not properly regulated during oncogenesis, specially cyclin D1 and E which are often

overexpressed in human cancer cell *** %,

CDK inhibitors

The activity of CDKs is also regulated by CDK inhibitors. CDK inhibitors are also proteins that can
bind to CDK/cyclin complexes and cause inactivation of these complexes®. For example p 21, p27
and p57 are CDK inhibitory proteins that can bind to CDK2/cyclin E and A in order to inactivate
them. As the result cell cannot go from G; to S phase and the cell cycle halted or cell G; arrested. In
addition regulation of p21 is largely dependent on the presence of the p53, a transcriptional
regulator that mediates cell cycle arrest after DNA damage. In the cell cycle arrest, DNA reparation
system has time enough for reparation. Fail in the cellular repair mechanism or dysregulation in
cellular checkpoint is observed in many cancer cells. For example in downregulation of p27 and
CDK inhibitors, proliferation is increased and cell can easily go from G; to S phase. Upregulation
of cyclins and CDK are common in human cancer cells. The knowledge of evets and mechanism in
the cell cycle increase understanding of how a cell can be become cancerous and how we can fight

better cancer cells.

Apoptosis

The term apoptosis from Greek origins (apo=for, ptosis=falling), was chosen to describe the cellular
process of programmed cell death®. Apoptosis or programmed cell death is involved in the
regulation of many physiological and pathological processes that occurs naturally during
development of many tissues, since tissue homeostasis is the result of the balance between
proliferation and apoptosis. Cell populations that have a high rate of proliferation, such as the



intestinal epithelium, depend upon apoptosis to maintain necessary number of cells. Apoptosis is a
complex process involving different proteins with two major extrinsic and intrinsic pathways.
Cancer cells are resistance to apoptosis, therefore a better understanding of the molecular
mechanism that cause apoptosis provide a better understanding of cancer cells *’. Beside apoptosis
model of cell death, necrosis, autophagy, mitotic catastrophe and lysosomal cell death are also
exists. In contrast to apoptosis, necrosis is not a genetically programmed function, it affect group of

neighboring cells and produces as in inflammatory response®®.

Extrinsic pathway of apoptosis

Extrinsic pathway is activated when Fas ligand is released from surrounding cell, bind to Fas
receptor and cause activation of FADD. The Fas receptor is a death receptor belong to the TNF
receptor gene superfamily which are responsible for triggering extrinsic pathway. Fas is present on
a variety of cell types including activated B cells and D cells. FADD is an adaptor protein that
bridges Fas receptor to procaspase 8 and 10 to form the death inducing signaling complex known as
DISC. As the result pro-caspase 8 becomes active, activate caspase 8 dimers leave DISC and
releases into the cytosol. Here they activate pro-caspase- 3 and -7, resulting in nuclear protein

cleavage and the initiation of apoptosis. ** *’
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Intrinsic pathway of apoptosis

Intrinsic pathway is also called mitochondrial pathway, because is associated with release of
cytochrome c¢ protein and Bcl-2 superfamily proteins such as Bid from mitochondrial into the
cytoplasm. The Bcl-2 superfamily proteins are the second member of a range of proteins found in
folicullar lymphoma. They are present on the outer mitochondrial membrane as dimer where they
control membrane permeability in ion channel fashion or through creation of pores. They are
subdivided into 3 groups based on structural similarities and functional criteria. Group | poses anti-
apoptotic activity while group Il and Il promote cell death. The balance between pro and anti-
apoptotic of this family determine whether or not a cell undergoes apoptosis. Intrinsic pathway is
activated by mitochondrion as a result of intracellular stress such as DNA damage, radical oxygen
species, radiation, chemotherapeutic agents, cytokines and glucocorticoids. In such situation p53 is
activated and therefor becomes the key regulator of apoptosis. Activation of p53 leading to
activation of other pro-apoptotic proteins such as Bax and Bak which leads to formation of pores
and release of different substance such as cytochrome c¢ from mitochondria. Cytochrome c is
combines with Apaf-1 and procaspase 9 forming an apoptosome. Subsequently pro-caspase 3 and
pro-caspase 7 are activated by caspase 9 which leading to apoptosis. A third type of pro-apoptotic
activity found in inactive form in the cytoplasm. When activated by caspase 8, from the extrinsic
pathway caused activation of cytoplasmic protein Bid. Activated Bid is referred to t-Bid allowing
Bax to translocate into the mitochondria. This is one method or cross-talk that occurs between
intrinsic and extrinsic pathways. Activation of Bax causes the release of several mitochondrial
factors, such as Smac/DIABLO that inactivated IAP (inhibitors apoptosis protein)*. Caspases are

essential in both apoptosis pathways, thus a short description of these proteins is given.
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Caspases

Caspases or cysteine aspartate-specific proteases are a family of protease enzyme that playing
central role in both apoptosis pathways. Caspases subdivided into two groups: initiator caspases and
effector caspases. Caspases 8,9,10 are considered initiator caspase responsible for activation of
effector caspases (3, 6, 7). Effector caspase have a range of cellular target in degradation process
through a cascade mechanism. At least 14 caspases are known in mammalian (named from caspase
1 to caspase 14). They synthesized in inactive forms (zymogens) known as pro-caspases. The
activities of caspases are regulated by inhibitors which bind to pro-caspases and inhibit activation of
pro-caspases. Pro-caspases are cleaved by specific initiation mechanism which results in their
activation®. The active caspase is a heterodimer with two active sites which can cleave selectively
several substrates and other pro-caspases. The substrate for initiator caspases are the effector
caspases and effector caspases cleaved a wide range of other proteins which is important in
apoptosis cascade mechanism. For example caspase 6 and caspase 3are cleaved the nuclear mitotic
apparatus protein. The cleavage mediates the shrinkage and fragmentation of nuclei and DNA.

Caspase downregulation or deficiency has been identified as a cause of tumor development.



It is important to know based on measurement of caspase two pathways can distinguished from
each other. The type | is caspase 8 dependent pathway and the type Il is caspase 9 dependent
pathway™.

Polyphenols & Chemoprevention of cancer

From the name, it is clear compound that have more than one phenolic hydroxyl attached to one or
more benzene rings are known as polyphenol. Polyphenolic compounds are the most studied of
phytochemicals. The word phyto is derived from the Greek word phyto, which means plant.
Phytochemicals are defined as bioactive, non- nutrient plant compounds that have been linked to
reducing the risk of major chronic diseases*. The interest in polyphenol compounds is that many of
them have anti-cancer properties and have health benefits for human. Fruits and vegetables are rich
sources of polyphenols and consumption of food with polyphenols reduces the risk of different
types of cancer *°. These compounds can be classified based on the number of phenolic ring in their
structure, the structural elements that bind these rings each other’s and the substituents linked to the
ring into two main groups of flavonoids and non-flavonoids. Flavonoids share a structure formed by
two aromatic rings, linked together by three carbon atoms through an oxygenated heterocycle (see
figure 10) .

Figure 10

Flavonoid skeleton

Stilbenoids, such as resveratrol and pterostilbene are non-flavonoids polyphenolic compounds,
known to have diverse pharmacologic activities including chemoprevention potential’.
Chemoprevention is defined as non-toxic natural or synthetic compound that can prevent or halt
carcinogenesis. Carcinogenesis is considered of three stages: tumour initiation, promotion and

progression (see figure 11).
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Initiation is a rapid and irreversible process. In contrast to initiation, tumour promotion is lengthy and
I 51

reversible process. Progression involves the growth of the tumour with invasive and metastatic potential.

Phytochemicals can interfere with different steps of this process. Lee Wattenberg, subdivided

chemo preventive agents into two main categories: blocking agents and supressing agents.
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Blocking agents prevent carcinogens from reaching the target site, from undergoing metabolic
activation or from subsequently interacting with crucial cellular macromolecules for example DNA,

RNA and proteins. Suppressing agents, on the other hand, inhibit the malignant transformation of



initiated cells in either promotion or progression stage®*. The cellular and molecular events that are
affected or regulated by these chemopreventive phytochemicals include detoxification, DNA repair,
cell cycle progression, cell proliferation, apoptosis, and activation of tumour suppressor genes®2.
Both RV and Pter have chemoprevention potential on different cancer cell lines®® >* by effect on
different proteins or transcription factors, they can supress proliferation, induce apoptosis or both.
For example Wolter et al. reported that RV can induce apoptosis by an increase in activity of
caspase 3 of Caco-2 cell line®™. Delmas et al. reported that RV at concentration 10uM to 100 pM
activated various caspase and triggers apoptosis in human colon cancer cell line SW480%°.

Lesser studied stilbenoids, Pter has also shown to inhibit colonic cancer growth through apoptosis.
Pter by inhibition production of inflammatory enzymes such as nitric oxide synthetase (iNOS) and
cyclooxygenase-2(COX2) can inhibit grow of colonic cancer cells. Therefore Pter can diminish also
inflammatory response in colon which is clinically important for both colon cancer and
inflammatory bowel diseases™. Pter inhibit growth of colon cancer through downregulation of the
anti-apoptotic Bcl-2 family and increase pro-apoptotic Bid, Bax and Bad. In vivo colon cancer
study, Pter decrease the total number of aberrant crypt foci (ACF) in an azoxymethane induced

colon cancer to a greater extent in compare with RV. *’

Chemical property of RV & Pter

Resveratrol is a white powder, fat soluble compound with low solubility in water®. RV was
originally isolated by Takado from the roots of white hellebore lily in 1940, and later, in 1963, from
the roots of Japanese knotweed *. It is a stilbene with three hydroxyl groups. The name stilbene is
derived from the Greek word stilbos, which means shining, because they show intense blue
fluorescence under ultra violet light>®. Stilbene or 1,2- diphenyl ethylene exists as two isomeric

forms: (E) and (Z)-stilbene also known as trans and cis stilbene respectively .

OQ () O

Figure 13

Trans-Stilbene Cis-Stilbene
The steric interaction of phenyl ring makes the cis isomer less stable. Trans-stilbene has a melting point of

125 °C, while the melting point of cis stilbene is around 6°C. **



Resveratrol contain both resorcinol and phenol moieties. The name was considered as resorcinol

derivative coming from Vertatrum grandiflorum and therefore it called resveratrol®.

HO OH

Figure 14

Resorcinol
Pter was originally isolated from the heartwood of red sandalwood (Pterocarpus santalinus) and is
also found in blueberries and other berries®. Pter with two methoxy group and one hydroxyl group
is more lipophilic than RV and has a higher potential for cellular uptake than RV with three
hydroxyl groups. Pter has a higher bioavailability with a longer half-life than RV . The structural

formula and numbering carbon of RV, Pter and Pr.Pter are shown in the below.
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RV is named as trans-3,5,4' trihydroxy stilbene. Pter as trans-3,5-dimethoxy-4'-hydroxy stilbene and Pr.Pter

as 4-[(E)-2-[3,5-dimethoxy-4-(3-methylbut-2-en-1-yl)phenyl]ethenyl]phenol.

Synthesis of prenylated pterostilbene (Pr.Pter) was one of the purposes in this thesis. Therefor in the

final part of this chapter a short description of prenyl and prenylation is given.



Prenyl & Prenylation

Prenyl or isoprene with IUPAC name 3-methyl-2-buten-1-yl and chemical formula CsHg is a

branched hydrocarbon with five carbon and a doubly bound as shown in figure 16.
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3-methyl-2-buten-1-yl (prenyl)

Based on the size of the carbon geranyl with ten atom carbons, farnesyl with 15 atom carbons and

geranylgeranyl with 20 atom carbons are also identified **
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Prenylation is chemical or enzymatic addition of an isoprene side chain to another molecule ** and
plays a major role in the diversification of polyphenol compounds found in nature and often results
in derivative with improve or modified pharmacological activity®™. For example prenylated acridone
alkaloids have more potent activity in compare to the non prenylated compounds against Epstein

Bar virus in vitro®.



Figure 18

Prenylated acridone alkaloids are isolated from plants of the gerena Citrus®

Similarly the prenylated pyranoacridone showed more potent antitumor activity than non prenylated
one. Prenylated flavonoids such as 8-prenylkaempferol and xanthohumol are other examples of
prenylated natural product compounds, which have bioactivity in several vitro investigations ** ® ¢,
These finding indicate that the isoprene side chain is an important structure feature and can be

exploited in new drug development™.



Chapter 2

Synthesis strategy

Synthesis natural product in the laboratory is an interesting subject for organic chemist and various
attempts have been made to synthesize new derivatives of resveratrol to improve its biological
activities. Before the onset of present study, Pr.Pter was synthesized with inspiration of Yong Rok
Lee(see figure 19) . Protected benzyl phosphonate (compound 8) commercially unavailable and
was also synthesized at three steps. HNMR and GC mass were used to validate product and

determine its purity in each step.

H,CO

OCH,

Figure 19

In order to synthesis protected benzyl phosphonate (compound 8) synthesis strategy was made as
seen in figure 20. Although compound 8 was synthesized by another method and this method did
not work for me, but the method is described in the following part of this thesis. Compound 8 can

be made by three steps as shown in figure 20.
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X=Br, ClI



Halogenation of 4-hydroxybenzyl alcohol in the first step converts the hydroxyl group to a better
leaving group by a TCT/DMF system. The next step is protection of the phenolic hydroxyl with tri-
isopropyl silyl chloride and finally synthesis of benzyl phosphonate ester from benzyl halide via

Michaelis Arbuzov reaction.

Synthesis of 4-hydroxy benzyl bromide /chloride by TCT/DMF

A rapid and highly selective chlorination and bromination method has been developed by using of
TCT and DMF. The use of TCT (2,4,6 trichloro-1,3,5-triazine) or cyanuric chloride has been

reported for conversion of alcohol into alkyl halides®.

T

Figure 21

TCT or cyanuric chloride
TCT is a cheap reagent, already available in the RUC and conversion of alcohol to halide can be

done without affecting the phenolic hydroxyl group. The method is based on the reaction between

TCT and DMF at room temperature.
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Both bromination and chlorination can be obtained by this method in a very simple way.
Bromination can be obtained by addition of two equivalents of sodium bromide to the mixture of
TCT and DMF, followed by addition of alcohol. Chlorination can be obtained by addition only of
alcohol to the mixture of TCT and DMF®°,



Mechanism of TCT/DMF reaction

It is believed that in this reaction the iminium cation and cyanuric chloride is formed. The positive
charge and small size of the iminium cation make it easy target for OH group. In the next step
attack of the electron lone pair of oxygen to the iminium cation and finally by nucleophilic attack of

halide ion product is formed.
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Possible mechanism "
Bromination with this method was unsuccessful. Bromination was tried twice without any
formation of the product. Both brominated and chlorinated compound can also be used for the next
step in the Michaelis Arbuzov reaction. Therefore chlorination was also tried by this method.

Chlorination was done successfully, but because of impurity a new strategy was chosen.

New strategy

A new synthesis strategy must be designed for synthesis the target molecule. Different methods can

be used for synthesis the target molecule. For example bromination by bubbling of HBr gas into the

solution of p-metoxy-benzyl alcohol™.
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Bromination by HBr gas



Chloromethylation of phenol is another strategy. In this method —CH,ClI can introduce into phenol
by chloromethyl methyl ether (CMME)™ ™ 7.
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Figure 25
Chloromethylation of phenol by (CMME)

Among different methods, 4-hydroxy benzaldehyde was chosen as starting material for synthesis
the target molecule (see figure 26), because it is cheap, safe and was already available in the

Roskilde University.
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Steps in this strategy are protection of hydroxyl group by TIPS-chloride, reduction of aldehyde to
alcohol by NaBH, and finally direct phosphonation of alcohol by tri ethyl phosphite and Zink

lodide. In the following part each step is described in details with its chemical mechanism.

The protection of phenolic alcohol by TIPS ether

A central problem in organic synthesis is to ensure that a specific hydroxyl group is protected from
unwanted reaction. Therefor protecting groups plays an important role in multistep organic
synthesis such as syntheses of natural products. Protection of hydroxyl group by the formation of
silyl ether has been widely used in organic synthesis. Trialkylsilyls are usually used as protecting

group of primary and secondary OH in organic synthesis since they can be installed and removed



under mild conditions”™. A common strategy which was found by E.J. Corey was reaction of tert-

butyldimetyl silyl chloride (TBDMS-CI) with alcohol in the presence of imidazole™.
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Tri-isopropyl chloride is sensitive to water and can hydrolyzed by water, therefor dry solvent and
glassware was used. Molecular sieve was used for drying of dichloromethane. DCM is non

hygroscopic solvent and easily was dried by molecular sieve’”.

Mechanism of the protection reaction

Corey assumed the reaction proceeds via formation of the reactive intermediate as seen in figure 28.
Nucleophilic attack by lone pair N-3 imidazole to the electropositive silicon is the key of formation
this intermediate. The silicon atom in the same group as carbon is more electropositive than carbon
and more susceptible toward nucleophilic attack and substitution. Then lone pair attack of oxygen
which has a greater affinity to silicon is the driving force in the next step. All silyl ethers can also be
obtained in the same way. Generally, primary OH reacts faster than secondary OH and primary silyl

ethers are cleaved easier than secondary silyl ethers " °.
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Silyl ether protecting group

There are many other of tri-alkyl silyl chloride reagents which can be used as hydroxyl protecting
group, for example tri-methyl silyl- (TMS), tri-ethyl silyl- (TES), tert-butyhl dimethyl silyl-
(TMDMS or TBS) and tri-isopropy! silyl- (TIPS) (see figure 29) *°.
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Some of silyl ether protecting groups, the bulky TIPS is the most stable under different conditions.
In general bulkier the substituents on silicon atom make silyl ether more stable toward acidic and
basic condition, therefore the bulky TIPS was used in the reaction.

Reduction of 4-OTIPS benzyl aldehyde to 4-OTIPS benzyl alcohol

In the next step protected benzyl aldehyde was reduced to alcohol by sodium borohydride, therefore
a short description of sodium borohydride is given.
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Sodium borohydride (NaBH,)

Sodium borohydride (NaBH,) is a cheap and mild reducing agent which use for selectively
reduction of aldehyde and ketone to alcohol, without reduction of other functional group such as
benzene or double bond®. This compound was discovered in the 1940s by H. I. Schlesinger®.
Generally, aldehyde is more susceptible to reduction than ketones for both electronic and steric
reason. Because of its selectivity and rapidity in aldehyde reduction is a useful reducing agent.
NaBH, can hydrolysis by water to flammable hydrogen gas and sodium metaborate, therefor dry

solvent and glassware was used in the reaction®.

Figure 31



Mechanism of the reduction reaction by NaBH,

Sodium is slightly electronegative than boron. Therefor NaBH, is a source of hydride and the
reaction begins with attack of nucleophile hydride to carbon of carbonyl, resulting C-H bond forms

and carbonyl bonds breaks which makes oxygen negatively charged as seen in figure 32.
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Mechanism of reduction reaction by NaBH,4

In the next step protonation by a source of proton (methanol or water) will convert anion oxygen to
alcohol. Methanol was used in the reaction and sodium methoxy borohydride was formed
Na*(BH3OCHs) . This compound can also reduce three others carbonyl to alcohol and white solid
NaB(OMe), was formed which was removed by filtration. This reaction was done successfully and

product was formed?®? 84 &

Phosphonation

In the next step benzylic phosphonate compound was synthesized and used as HWE reagent.
Phosphonates are organophosphorus compounds with wide application in organic chemistry.

Therefor a short review of phosphorous and organophosphorus is given.

A brief history of phosphorous

The name phosphorous is derived from the Greek phos meaning light and phorous meaning bearer.
Phosphorous was discovered around 1669 by the German alchemist Hening Brandt on his search for
the famed philosopher’s stone. After distillation of urine he found in the recipient a luminant matter
that has since been called phosphorous . Later phosphorous was also found in bones, other parts of
various animals or plants and phosphorous become another important element of life. Phosphorous
has several allotropes: white, red and black forms are the most common®. These names are derived

from their appearance. All three forms contain phosphorus atoms in different arrangement and



connectivity®™. Phosphorous can form bond with both metals and nonmetals such as oxygen and
carbon. It forms strong bond with oxygen and formation of this bond is driving force in many
reactions such as Arbuzov and Wittig reaction ®”. It can also form bond with different number of
atoms in different coordination number, for example from 1 to 6.2 Phosphorous can have a valence
of 3 from the presence of 3 unpaired electrons in its valence shell. However it can also have a

valence of 5 because of one electron pair and is usually found as a tri or pentavalent in nature.

Organophosphorus compounds

Organophosphorus compounds are chemical compounds containing carbon-phosphorous bonds.
The nomenclature of these compounds is complicated to some extend by the overlap of inorganic

and organic nomenclature. Some examples are given in figure 33 %,
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The structure of phosphonates compound includes a tetra coordinate phosphorous atom in the +5
oxidation state that is connected to two alkoxy group and a double bond to oxygen known as
phosphoryl group (See figure 33). Phosphonates have been widely used in industry, medicine and
chemistry. In industry they used as flame retardant, pesticides, and chelating agent. In medicine
bisphosphonate is another class of phosphonates which used for treatment of osteoporosis. And in

the chemistry are used as HWE reagents at the Horner-Wadsworth-Emmons reaction *.

Synthesis of phosphonate compounds

Phosphonates are usually formed by the Michaelis Arbuzov reaction. In this reaction phosphonates
are formed by reaction between a trialkyl phosphite for example tri ethyl phosphite with an organic

halide %! %2
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Figure 34
The general Michaelis Arbuzov reaction
The steps involves in the Arbuzov reaction is conversion of an alcohol to a better leaving group
such as halide and then reaction with tri alkyl phosphite. As illustrated below, the first step of
reaction involves a Sn2 nucleophilic attack by the lone pair of phosphorous on the electrophilic
carbon of the alkyl halide to give a phosphonium intermediate. Then anion halide reacts with the
phosphonium intermediate to give the desire phosphonate. It has been shown that if chiral

phosphonium intermediates are produced, the halide substitution proceeds with inversion of
90 93
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Mechanism of Arbuzov reaction illustrated with benzyl alcohol, the driving force in the Arbuzov reaction is

the P=0O bond formation *°

Zink mediated phosphonation

Weimer and co-workers recently found an alternative method to the Arbuzov reaction with Zink
iodide™. They obtained phosphonate compound in good yield based on treatment of alcohol with
triethyl phosphite in the presence of Znl, at reflux. Shorter reaction time, milder reaction condition

and the lack of the halide intermediate are advantages of this reaction.
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Figure 36

Synthesis of phosphonate by Zink mediated reaction

Both Zink iodide and tri ethyl phosphite are sensitive to water and oxygen®, therefore dry THF and
oven dried glassware was used. THF was dried by (20% w/v) molecular sieve as described in
general experiment conditions. Triethyl phosphite is a trivalent organophosphorus compound and
like other trivalent organophosphorus compounds is susceptible to oxidation by atmospheric
oxygen, forming pentavalent phosphoryl compound. Therefor reflux condenser was flushed by
nitrogen for 30 min. before reaction and flask containing triethyl phosphite was also flushed every
time the flask was opened. The reaction was done first on 4-methoxy benzyl alcohol and then on 4-
OTIPS benzyl alcohol. The byproduct Zink oxide (ZnO) was removed by washing with 1N sodium
hydroxide.

ZnO + 2NaOH +H,0 — Na;| Zn(OH),

Figure 37
Sodium hydroxide reacts with byproduct Zink oxide and water soluble zincate is formed.
The product was purified by chromatography on silica gel with 50% ethyl acetate in 50% hexane as
eluent. The phosphonate ester was formed by this method and the product was used for the next step

in HWE reaction.



Mechanism of phosphonation by Zink iodide

Formation of Zink-phosphite complex was considered for the mechanism of the reaction by Weimer
group. A tetra coordinate Zink complex is formed, followed by a formation of C-P bond through a

process with Snl like character.
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Figure 38

Possible mechanism of reaction®

The Horner-Wadsworth-Emmons (HWE) reaction

For the first time in 1953 Georg Wittig could synthesize alkene by using organophosphorus
compound®. The typical reaction involves of chemical reaction between an aldehyde or ketone with
a phosphonium ylide to give an alkene. Horner, Wadsworth and Emmons reaction (HWE) reaction
is a modified Wittig reaction was first reported by Horner and later developed by Wadsworth and
Emmons®’. They used phosphonate carbanion instead of phosphonium ylide to produce olefins. The
use of phosphonate in HWE reaction has some advantages over the Wittig reaction. The
phosphonates carbanion are more nucleophile, stable and reactive than phosphonium ylide, therefor
reaction is done in milder conditions. Another advantage of the HWE reaction is that the by product

is water soluble and easily separate from product™.
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Figure 40

The general HWE reaction
The phosphonate mediate modification of the Wittig reaction is called HWE. In HWE reaction a

phosphonate stabilized carbanion react with aldehydes or ketones to provide a trans-olefin product

The mechanism of the HWE reaction

The mechanism of the HWE reaction is similar to the Wittig reaction. The phosphonate ester will
react with a base such as t-BuOK to give yilde or stabilized phosphonate carbanion, reactive enough
to carry out the reaction *’. Stabilized ylides are those that possess R substituent that is stabilizing
anion by electron withdrawing group such as phenyl group. Such ylides are less reactive and usually
only react with aldehydes to give E-alkene. In contrast, non-stabilized ylides possess R substituent
that destabilizing anion by electron releasing group such as alkyl group. Such ylides are more

reactive and can react with both aldehydes and ketones to give Z-alkene®™.
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Figure 41

Phosphonate ester will react with a base such as t-BuOK to give phosphonate carbanion®

Nucleophilic addition of the phosphonate stabilized carbanion with an aldehyde producing betaine
intermediate as shown in figure 42. Then another four membered cyclic intermediate (cis or trans-
oxaphosphetanes) is formed. Decomposition of this intermediate via the syn-elimination can give E
or Z-alkene and the phosphinate by-product which is water soluble and readily remove from the

desire alkene.
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Figure 42

Mechanism of HWE reaction'® **!

In general trans- olefin is favored over the cis olefin, but the factors that influence E and Z-
steroselectivity are well understood and Z-selectivity can also be achieved. Depending on the type
of the ylide, type of the carbonyl, type of the solvent and reaction conditions, the formation of the
alkene can favor either the (Z) or (E) alkene. For example bulky substituent at the both phosphorous
and the carbon adjacent to the carbanion favor formation of the E-alkene and primary aliphatic
aldehydes favor Z-alkenes, while aromatic aldehydes favor E-alkenes specially in aprotic solvent

such as THF',

C-Prenylation by DoM reaction

In this step prenyl with ITUPAC name 3-methyl-2-buten-1-yl (see structure in fig. 16) was
introduced into the molecule, between to methoxy group by an electrophilic substitution reaction.
The classic electrophilic aromatic substitution (EAS) is not a good choose, because the
regiochemistry observed is both ortho and para, when an aromatic ring is activated by activating
group such as OCHj; and multi-substitution of the ring can occurs. Isoprene side chain was
introduced into the molecule by DoM reaction. DoM reaction is an attractive reaction because it is a

regiospecific reaction and substitution is always ortho to a DMG group.



Directed ortho metalation (DoM) reaction

Wittig and Gilman was the first chemist who could ortho- lithiated anisole by n-BuLi'®. The
product of this reaction initiated a new methodology that is known as DoM reaction in chemistry.
Directed ortho metalation (DoM) reaction which is an alternative to electrophilic aromatic
substitution was used for synthesis the target molecule. In DoM reactions, the hydrogen ortho to a
DMG group (directing ortho metalating group) such as methoxy on an aromatic ring is replaced
with lithium and in the second step the lithiated carbon reacts with electrophilic compound such as
prenylbromide. When two DMGs have a 1,3-position on an arene they will direct lithiation on the 2

position between them as shown in figure 43 1,

OCH; OCH,

Mesityllithium Li

—

OCH,4 OCHjs
Figure 43

lithium atom enters at the position ortho to DMG group, for example resorcinol dimethyl ether is lithiated in
the position 2, ortho to both methoxy groups '*.

Lithiation

Lithiation is an important method for the introduced many substitutions in organic synthesis.
Because the electronegativity difference between carbon-lithium bonds makes this bond polar,
nucleophilic carbon generated and therefor lithiated organic compound is very reactive toward a
wide range of electrophilic compounds.

2.5 1

© ®
C=—lL;j

Figure 44
Lithiation (metal-hydrogen exchange) depends on the acidity of the hydrogen, stability of the
carbanion and the reaction aided with DMG groups such as methoxy or MOM which are present
ortho to the site of metal-hydrogen exchange. Organolithium compounds are used for lithiation. In
order to understand their stability, reactivity and safe handling of organolithium compounds, a short

review of these compounds is also given.



Organolithium compounds

Commercially available of organolithium compounds are made by oxidative insertion reaction of

lithium metal with alkyl halide'®.

2 Li .
MeCl ——  » MeLi + LiCl
Figure 45

Organolithium compounds are used as reagents for making other useful organolithium compounds.
They need to be kept absolutely free from moisture and oxygen because they act as strong base, and
is protonated to form its conjugated acid for example methane in the case of methyl lithium. The
electronegativity difference between carbon and lithium suggests ionic character for this bond, but
alkyl lithium compound are soluble in hydrocarbon such as hexane and in ether solvents such as
THF. This is because a percentage of covalent character is associated with this bond'®. The most
common organolithium compounds which use in organic synthesis are methyl lithium, n-butyl

lithium and tert-buty! lithium.

Aggregation of organolithium compounds

Aggregation is common for organolithium compounds and organolithium compounds exhibit
varying degree of polymerization depending on the solvent, concentration and temperature'®’. For
example n-BuLi is hexamer in nonpolar hydrocarbon solvent such as hexane and in equilibrium

between dimer and tetramer in THF.
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Figure 46

3 oligomeric structure for n-Buli, a hexamer in nonpolar hydrocarbon solvent and equilibrium between dimer

and tetramer in THF 1%



Tetramers and hexamers are common in hydrocarbon solution while tetramers and dimmers are

common in electron donor solvent such as THF®

. Aggregation number is important because the
reactivity of organolithium compounds is strongly depended on the aggregation number. Lower
aggregates tend to be more reactive, therefor the hexamer form of the alkyl lithium should be
deoligomerized to the tetramer and dimer form before reaction. Polar solvent such as ether and THF
can cleave the aggregated form compound to the less aggregation number such as dimer or tetramer.
But organolithium are not stable in ethereal solvent and it should be storage in a hydrocarbon

solvent such as hexane in the cold condition® 0,

Stability of organolithium compounds

All organolithium compounds are pyrophoric, thermally unstable and sensitive to water and oxygen.
Therefor they should storage in a sealed bottle with an inert gas such as nitrogen in the cold
condition. Most organoliithium compounds decompose on heating to lithium hydride and an
unsaturated molecule. For example butyl lithium decomposes to lithium hydride, 1-butene and n-
butane.

Heat 50°C
Figure 47

Organolithium compounds are thermally unstable™*

H, 0
n-BuH + Li0OH
n-Buld
n-BuCLi
O3
Figure 48

Contact with oxygen or water cause loose of organolithium compound**!



Mechanism of Directed ortho metalation (DoM) reaction

The steps involves in DoM reaction are insertion of lithium into C-H bond, ortho to a pre-existing
substituent. Then the molecule is further treated with another reagent (electrophile) such as prenyl
bromide. The proposed mechanism for DoM reaction may be viewed as three steps: 1-coordination
of the alkyl lithium compound to a hetero atom of DMG group (1.2 in the below figure). This is a
kind of acid base reaction since lithium is acid and DMG group such as -OCHjs is a base. Then
deprotonation of the proton in the nearest position to DMG group gives lithiated compound (1.3 in

the below figure) which after reaction with an electrophile, di-substituted aromatic product is

obtained*?.
DMG DMG----- (R-Li)n DMG DMG
Li E
(R-Li)n E
—» —> —_—
1.1 1.2 1.3 1.4
Figure 49

Lithiation of an aromatic ring adjacent to a substituent, which acts as a direct metalation group
(DMG), is called ortho metalation. Several groups such as methoxy acts as DMG group, these
groups can increase acidity of the ortho-hydrogen. Then the lithiated product can reacts as
nucleophile with alkyl bromide such as prenyl bromide and a new C-C bond (prenylation) is
generated. The DoM reaction was done after second attempt. In the third attempt, THF was dried by

sodium/benzophenone system.

Deprotection reaction by TBAF

The final step was de-protection reaction by tetra-n-butyl ammonium fluoride®’. Tetra-n-butyl

ammonium fluoride is a quaternary ammonium salt with the chemical formula (C4Hg)4NF.
H3C—\—\

H3c\/\/N*/\/\cH

\—\—CH

Figure 50
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TBAF commercially is available as the white solid and as a solution in THF



Mechanism of desilylation reaction

It is believed the reaction occur by nucleophilic attack of small fluoride ion to silicon. As the result
strong Si-F bond and a pentavalent intermediate are formed'®. Then de-protected product is

obtained by elimination neutral silane as shown in figure 51.
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Figure 51

The Product (Pr.Pter) was obtained after two times chromatography.



Chapter 3

Experimental procedure

The following chapter describes the work in the laboratory, use of chemicals, reagents and
treatment of DLD-1 cells. The chapter also describes in detail methods and setups for determination

of cell number, cell viability, cell cycle progression and cell death.

Chemicals

The chemical used were mainly obtained from Sigma-Aldrich without further purification. This
include: TCT (CAS 108-77-0), THF(CAS 109-99-9), 4-hydroxy benzyl alcohol (CAS 623-05-2),
4-hydroxy benzaldehyde (CAS 123-08-0), tri isopropyl silyl chloride (CAS 13154-24-0), imidazole
(CAS 288-32-4), silica gel 60 A, 70-230 mesh (CAS 112926-00-8), NaBH4(CAS 16940-66-2),
methanol (CAS 67-56-1), tri ethyl phosphite (CAS 122-52-1), 4-methoxy benzyl alcohol(CAS 105-
13-5), diethyl ether, 99.99 anhydrous Zink iodide(CAS 10139-47-6), 3,5-dimethoxy
benzaldehyde( CAS 7311-34-4), Potassium t-butoxide (CAS 865-47-4) NH,CI( CAS 12125-02-9),
1.6M n-BuLi in hexane (CAS 109-72-8), benzophenone(CAS 119-61-9), sodium in petroleum
(CAS 7440-23-5), prenylbromide (CAS 870-63-3, d:1.29 g/ml), sodium bromide (CAS 76-47-15-6)
and TBAF(CAS 87749-50-6).

There were also chemical used from other suppliers: n-Hexane (CAS 110-54-3), ethyl acetate (CAS
141-78-6) from Th. Geyer, DMF (CAS 68-12-2) from lab scan, TLC silica gel 60 F254, aluminum
sheets 20 x 20 and dichloromethane (CAS 75-02-09) from Merck.

General experimental conditions

As described in the methods most of the reactions were sensitive to water and oxygen. Therefor dry
solvent was used. THF and DCM were dried over 20 % m/v 3 A° or 4A° activated molecular sieve.
Molecular sieve is cheap, non- toxic and effective for drying of the most common solvents special
non-hygroscopic solvent such as DCM. They must fully activated special in reactions which are
very sensitive to water such as in the reaction with n-BuLi. DCM is not particularly hygroscopic
and has low water content, therefore simple storage for 24 hr. of the solvent over 10% m/v activated

3A or 4A is enough to reduce water content to 0.1 ppm’’.



However in the prenylation reaction molecular sieve was not effective for drying of THF, therefor

14 All glassware was dried in

THF was dried by sodium/ benzophenone system which was effective
an oven at 100 °C -110 °C for minimum 20 minutes before reaction. TLC was performed for each
reaction and visualized under UV lamp. Column chromatography was performed using silica gel as
the stationary phase with hexane and ethyl acetate. The compositions of eluents are further detailed
in each step."HNMR were recorder with a Bruker Avance IIl (400 MHz) HD NMR spectrometer
and chemical shift were reported in parts per million (ppm) relative to tetra methylsilane (dy =
0.00ppm). Mass spectra were obtained with a Finnigan Trace Ultra-DSQ Il (Thermo Co.) system

equipped with an Agilent J&W capillary column. All *HNMR and GC-MS data are available in

Br
HO——<: >—‘

Synthesis compound 1 by TCT/ DMF 1

appendix.

To a 200 ml Erlenmeyer flask which containing magnetic stir bar was added 10 g (54 mmol) of
TCT followed byllml DMF. The mixture was stirred at room temperature until white solid
compound was formed. The reaction was monitored by TLC (1:1 hexane /ethyl acetate) on the
white solid compound until TCT was disappeared. Then 125 ml of dichloromethane was added. The
white solid compound was dissolved. Then 11.4 g (110 mmol) of Sodium bromide was added. This
mixture was stirred for 10 h. Then 6.4 g (52 mmol) of 4-hydroxybenzyl alcohol was added. The
reaction mixture was monitored by TLC. After 2 h starting material was disappeared. Then the
mixture was filtered through Celite with vacuum to remove excess of sodium bromide. The
yellowish organic layer was washed with 30 ml distilled water to dilute and remove excess of DMF
and TCT. Then organic layer which was laid under water phase washed by 30 ml 1M HCI (2 x 15
ml) to remove DMF and washed with brine (2 x 15 ml). The organic layer was dried over sodium
sulfate at 0°C for about 30 minute to remove excess of water and the solvent evaporated by rotary
evaporator to 1.81 g of yellow oily compound. *HNMR (CDCL3, 400 MHz) analysis showed
product was not formed. A second attempt was done without success. A white yellowish solid
compound was obtained in the second attempt, which was insoluble in d-chloroform and d®-DMSO.
Therefor *HNMR analysis was impossible. ‘HNMR was run (DMSO-d®, 400 MHz) on the water
phase fraction. Based on *HNMR and yellowish color of water phase can be concluded that some of

the starting material or the product were end up in the water phase.



However the desire product could not be obtained and the reaction pathway was changed to

chlorination of alcohol. Because both brominated and chlorinated product can be used in the

Cl

Synthesis compound 1" by TCT / DMF v

Michaelis Arbuzov reaction.

To an Erlenmeyer flask which containing magnetic stir bar was added 3.5 g (19 mmol) of TCT and
4 ml DMF and stirred at room temperature until white solid compound was formed. TLC (1:1
hexane /ethyl acetate) was done on the white solid compound until TCT was disappeared. Then 50
ml of DCM was added and the resulting the white solid compound was dissolved. Then 2.3g (18.5
mmol) of 4-hydroxy benzyl alcohol was added. The reaction mixture was stirred at room
temperature and monitored by TLC until completion (2 h). Then 40 ml water was added to the
reaction mixture and organic layer was washed with 30 ml of saturated solution of Na,COs;
followed by 30 ml 1IN HCI and 30 ml brine. The organic layer was dried by sodium sulfate to
remove excess of water and solvent evaporated by rotary evaporator to 1.65 g (72%) of oily
product. '"HNMR (DMSO-d°, 400 MHz) showed product was formed, but with some of impurities.
It was tried to remove impurity with rotation evaporator, but without success. However TCT/DMF

O\\—Q—OTIPS

Synthesis compound 5 >

method did not work for me.

DCM was dried by molecular sieve as described in general experimental conditions. To an
Erlenmeyer flask contains magnetic stir bar was added 3.13 g (25.62 mmol) of 4-hydroxy
benzaldehyde in 60 ml anhydride CH,ClI, at 0°C. The solution was stirred for 30 min. at 0 °C. Then
4g (21 mmol) TIPS-CI was added to the solution, followed by 3.13 g (46mmol) imidazole. A
yellowish solution was obtained. The reaction mixture was stirred overnight at room temperature.
The reaction mixture was quenched with 60 ml water and washed with 125 ml DCM. The organic
layer was dried over sodium sulfate, and DCM was removed by rotary evaporator to give 11.13 g of
the product as pale yellow oil. IHNMR was run (CDCI3, 400 MHz) a doublet at 1.09, 1.12ppm, a
multiple at 1.26- 1.34ppm, two doublet at 6.97- 7.78ppm and a singlet at 9.88ppm showed



formation of product but another small signal at 9.83ppm, showed also starting material(see figure
52). TLC analyze (8:2 hexane / ethyl acetate) showed also two spots with R¢ 0.27 and 0.8 which
were related to starting material and the product, respectively. 4-hyddroxy benzaldehyde has a pKa
value of 7.61 and in PH higher than 7.61, OH group is mostly deprotonated and more water soluble.
Therefore starting material was removed by washing with basic solution of 20% sodium carbonate
(Na;CO3) (PH=11-12) in distilled water. Then by washing with 100 ml water excess of Na,CO3; was
removed and solution was neutralized. TLC and HNMR showed starting material was removed and

this led to improvement of the reaction.

Figure 52

'HNMR before and after washing with Na,COjs solution small singlet signal at 5 9.83 was disappeared

The product was not used for the next step and instead another batch was made. In the second batch
organic layer was washed first with basic solution of 20% sodium carbonate as described. In the
second batch 6.02 g (84.5%) of product as a pale yellow oil was obtained. The product was more
pure and with higher yield than the first attempt.

'HNMR (CDCI3, 400 MHz) was run singlet at 9.88 ppm (1H), doublet at 7.78-7.80 ppm (2H),
doublet 6.98-7.00 ppm(2H), multiple at 1.26-1.34 ppm (3H) and sharp doublet at1.10-1.12 ppm

(18H) confirmed formation of product.
HO
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Synthesis compound 6 6

Dry solvent (DCM) was also used in this step. To an Erlenmeyer flask containing a magnet stir bar
5.057 g (18 mmol) of compound 5 was dissolved in 50 ml dry CH,ClI, followed by 6 g of silica gel.
At 0°C (using an ice bath) 0.8 g (21 mmol) of NaBH4 was added and the mixture was stirred for 1



hr. Then 10 ml of methanol was added and the reaction mixture was stirred for another 1 h at room
temperature. Silica gel and tetra methoxy borate was removed by filtration. Evaporation of solvent
by rotary evaporator gave 4.66 g (91.5%) of oily product. TLC analysis (8:2 hexane / ethyl acetate)
showed one spot with R¢ value 0.4.

'HNMR was run (CDCI3, 400 MHz) doublet at 7.20-7.22ppm (2H), doublet at 6.85-6.87ppm (2H),
singlet at 4.59ppm(2H), broad signal at 3.5 ppm, multiple at 1.22-1.27 ppm and doublet at 1.09-

1.11ppm confirmed formation of product.

H3C

Synthesis compound 7 7

This compound was synthesized for training purpose and the product was not used in synthesis of
the target molecule (Pr.Pter). Dry THF was used in this reaction and THF was dried by molecular
sieve. A three- necked round bottomed flask containing a magnetic stirrer bar, fitted with a reflux
condenser and two glass stoppers in the side necks, was flushed by nitrogen for 30 minutes (see
figure 53). Then 60 ml dry THF was added to it and then 5 g (15.6mmol) anhydrous Znl, was
dissolved in THF. Then 5.5 ml (32 mmol) tri ethyl phosphite was added, followed by 1.4 ml
(11mmol) of 4-methoxy benzyl alcohol. The reaction mixture was heated using an oil bath for 20
hrs. Then the reaction mixture was allowed to cool to room temperature and THF was removed by
rotary evaporation. Then residue was transferred to a 500 ml separatory funnel with diethyl ether (2
x10 ml) and 1N sodium hydroxide (2 x 10 ml). White precipitate was formed and then reaction
mixture was diluted by 90 ml diethyl ether. Then the organic phase was washed by 200 ml 1N
sodium hydroxide, resulting the solution became colourless without any white precipitate. Water
phase was washed twice with 100 ml diethyl ether and the combined organic phase was dried over
magnesium sulphate. Then Magnesium sulphate was removed by filtration and 6.86 g of colourless
oil was obtained, after evaporation of solvent by rotary evaporator. The residue was purified by
chromatography with 45% ethyl acetate in hexane and 2g of product with (67%) yield was obtained.
1HNMR was run (CDCI3, 400 MHz) doublet at 7.20-7.23ppm, doublet at 6.84-6.86ppm, multiple
at 3.98-4.03ppm, singlet at 3.80ppm, doublet at 3.07-3.12ppm, and triplet at 1.21-1.27 ppm

confirmed formation of product.
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A three- necked round bottomed flask containing a magnetic stirrer bar and fitted with a reflux

Synthesis compound 8

condenser, was flushed by nitrogen for 30 minutes (see figure 53).

Figure 53

Then 60 ml dry THF was added and 5 g (15.6mmol) Znl, was dissolved in THF, followed by 4 ml
triethyl phosphite (d; 0.969 g/ml, 23mmol, 1.5 eq.) using a disposable syringe. Finally 4.1 g (14.6
mmol) of compound 6 was added to the reaction mixture. The reaction mixture was heated using an
oil bath at reflux for 24 hrs. Then the reaction mixture was allowed to cool to room temperature and
THF was removed by rotary evaporation. Then residue was transferred to a 500 ml separatory
funnel with diethyl ether (2 x10 ml) and 1N sodium hydroxide (2 x 10 ml). White precipitate was
formed. Then Reaction mixture was diluted by 90 ml diethyl ether and organic phase was washed
by 250 ml 1N sodium hydroxide. Solution became colourless without any white precipitate. Water
phase was washed with diethyl ether (2 x 100 ml) and the combined organic phase was dried over
magnesium sulphate. MgSO, was removed by filtration and the solvent was removed by rotary
evaporation. The product was purified by chromatography with 45% ethyl acetate in hexane and
finally 2.68 g (46%) of colourless oil with sweet smell was obtained.

'HNMR was run (CDCI3, 400 MHz) doublet at 7.14-7.16 ppm, doublet at 6.81-6.83ppm, multiple
at 3.94-4.00ppm, doublet at 3.05-3.11ppm, triplet at 1.21-1.26 ppm, and doublet at 1.08-1.09 ppm.



H,CO

Synthesis compound 10 by HWE reaction  Hsco

An oven dried 250 ml round bottom flask equipped with a magnetic stir bar was flushed by N, for 5
minutes. Then 60 ml dry THF was added to it, followed by 2.1 g (5mmol) of compound 8 at 0 °C
(using an ice bath). Then 0.875 g (5mmol) of commercially available 3,5- dimethoxy benzaldehyde
was added to the flask, followed by 1.63 g (14 mmol) of potassium tert-butoxide. The colour was
changed from yellow to brown. The reaction mixture was monitored by TLC. After one hour, TLC
analysis showed the product with R; 0.80 was formed, but 3,5dimethoxy benzaldehyde with R¢0.67
could be also seen. After 3 hours, TLC analysis showed another component with R¢ 0.3. After 7
hours, TLC analysis showed still the presence of three components in reaction mixture (see figure

54) and finally the reaction was quenched by 60 ml water.

Prrouct
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Figure 54

Starting material, product and de-protected product are shown on TLC

Product was extracted by ethyl acetate (3 x 60 ml). Then the combined organic layer was washed
first by 60 ml 5% aqg. NH4CI, then 60 ml distilled water, 60 ml brine and dried over anhydrous
magnesium sulphate. Then magnesium sulphate was removed by filtration and residue was
concentrated by rotary evaporator. Purification by column chromatography over silica gel with
hexane in ethyl acetate (4:1) gave 0.67 g (15.5%) of product with 0.65 g of another compound.
'HNMR analysis showed the other compound with R; 0.3 was belonging to de-protected product.



'HNMR was run (CDCI3, 400 MHz) doublet at 7.36-7.38 ppm, doublet at 7.04-7.0 ppm, doublet at
6.91-6.88 ppm, doublet at 6.87-6.85 ppm, triplet at 6.37ppm, doublet at 6.64, singlet 3.83 ppm,
doublet 1.05-1.07 ppm and multiple at 1.21-1.29 ppm, showed the product was formed.

H3CO

Synthesis of (O-TIPS) Pr.Pter

H,CO
As described before n-BuLi is very sensitive to water and oxygen. Therefor dry solvent and
glassware was used. An oven dried round bottom flask containing a magnetic stir bar was flushed
with a balloon filled with nitrogen, while the top of the flask was closed with a septum and a needle
was inserted through the septum to allow air in the flask flushed out. This is called an exit needle.
The setup is shown in figure 55.

Figure 55

Setup for synthesis compound 11
When balloon was deflated, exit needle was removed, balloon was refilled with nitrogen and the
flask was flushed for a second time. The flask was flushed three times by N, Then exit needle was
removed and 40 ml dry THF was added to the flask using a disposable syringe. Syringe was also
flushed by N, 3 times before use. Then 0.48 g (1.1mmol) of compound 10 was dissolved in THF at
0°C (using an ice bath). Then 1 ml (10 mmol) of 1.6M n-BuLi in hexane was added dropwise by

disposable syringe to the reaction mixture. The yellow colour of the reaction mixture was changed



to green after addition n-BuLi. The reaction mixture was stirred for 2 h and then 0.15ml (1.29
mmol) of prenyl bromide was added dropwise to it. The reaction mixture was stirred overnight at
room temperature. Then the reaction mixture was quenched by 20 ml saturated NH4CI and extracted
with ethyl acetate (3x30 ml). The combined organic layer was washed with 30 ml water and dried
over MgSO,. Evaporation of solvent by rotary evaporator and chromatography on silica gel by
hexane /ethyl acetate (5:1) gave 0.34 g (62%) oily product with R;0.9. This reaction was done after
two failed attempts and 0.20 g of starting material was loose during the first and second attempt.
'HNMR was run (CDCI3, 400 MHz) doublet at 7.36-7.38 ppm, doublet at 7.01-6.97 ppm, doublet
at 6.94-6.90ppm, doublet 6.87-6.85 ppm, singlet at 6.65 ppm, triplet at 5.21 ppm, singlet at 3.86
ppm, doublet at 3.80-3.82 ppm, singlet at 1.77 ppm, singlet at 1.66 ppm, multiple at 1.22-1.29 ppm
and doublet at 1.06-1.08 ppm showed formation of the product.

HaCO

O~
Synthesis of Pr.Pter HyCO 2

0.3 g (0.624mmol) of compound 11 was dissolved in 20 ml THF, followed by 0.393 g (1.24 mmol)
of TBAF at 0°C (using an ice bath). The reaction mixture was stirred at room temperature for 24
hrs. Then the reaction mixture was quenched by 30 ml saturated NH4Cl and extracted by ethyl
acetate (3 x 30 ml). The organic layer was washed with 50 ml water and then dried over anhydrous
sodium sulphate. The product was concentrated by rotary evaporator and the product was purified
by column chromatography over silica gel with hexane/ethyl acetate (4:1). 0.14 g compound was
obtained. TLC analysis (hexane/ ethyl acetate 4:1) showed two components A: (R¢0.56) and B: (Rs
0.39). Therefore another eluent was developed for separation of these two components (A, B) and
another column chromatography was run with hexane/ ethyl acetate (6:2). Finally 18 mg Pr.Pter
(9%) with R¢ 0.47 was obtained. In addition 16 mg of compound A was also obtained. Some of the
collected fractions was containing both A and B, therefore calculated yield should be higher than
9%. HNMR was run (CDCI3, 400 MHz) doublet at 7.40-7.42 ppm, doublet at 7.03-6.99 ppm,
doublet at 6.95-6.91 ppm, doublet 6.83-6.85 ppm, singlet at 6.68 ppm, triplet at 5.18-5.20 ppm,
singlet at 3.88 ppm, doublet at 3.65-3.68 ppm, singlet at 1.78 ppm, singlet at 1.67 ppm and a broad
signal at 1.38-1.5 ppm. GC MS showed an intense peak at 324.13m/z which was related to the

product with molecular formula C;;1H,403 (See page 98).



Materials and Methods

McCoy's 5A medium obtained from Lonza, resveratrol, pterostilbene, phosphate buffer saline
(PBS), Thiazolyl blue Tetrazolium bromide (MTT), penicillin/streptomycin and DMSO from
Sigma-Aldrich, Hanks balance salt solution (HBSS) and trypsin-EDTA from Gibco, fetal bovine
serum (FBS) from Biochrom , and T-175 flasks, 24 well plate and 96 well plate obtained from Nunc
Roskilde-Denmark. Resveratrol, pterostilbene and Pr.Pter were diluted in DMSO to 60 mM and
kept at -20 °C.

Cell line and treatments

Frozen human colon cancer cells line DLD-1 from American type culture collection with passage
number 8 to were thawed in McCoy's 5A medium containing 20% FBS and 2% pen/strep. The
following day media was changed to McCoy's 5A medium containing 10% FBS and 2% pen/strep
and this was the standard growth media cultured in T-175 flask with McCoy's 5A medium which
containing 10% fetal bovine serum (FBS) and 2 % pen/strep. The cells were grown in an incubator
with humidity of 95% at 37°C, 5%CO, atmosphere and sub-cultivated twice per week when they
reached 80% confluence. Sub cultivation was done by removing of old media with aspiration and
washing the cells twice with 15 ml phosphate buffer (PBS) without calcium and magnesium. The
cells were detached by adding 2 ml of 0.05% trypsin+ 0.02% EDTA in PBS followed by incubation
for 4 minutes in incubator. Finally by adding 8.5 ml of McCoy's 5A medium trypsinization stopped
and cells re-suspended to single cells. Then 1 to 2 ml of the cells suspension is transferred to a new
T-175 flask which containing suitable amount of fresh medium and new passage was made. The

cells were only used up to passage 30.

Statistical analysis

To analyse the effects of Pr.Pter on the cells growth, proliferation, viability, and cell cycle Coulter
counter assay, MTT assay and FACS was used. Each experiment was performed three times with
similar results and results were expressed as means with standard deviation represented by bars.
Analyses were made in Graphpad Prism version 6.0. The Data was statistically analysed by one

way ANOVA and value of P<0.05 was considered significant.



Coulter counter

A coulter counter is an instrument for counting of particles or cells and analysing of their size **°. In

this method cells suspended in an electrolyte solution for example sterile filtered 0.9% sodium
chloride and pass through a microchannel or small hole with two electrodes between them that have
an electrical current, while the resistance of the microchannel is measured. Because the cells block
part of the hole, the resistance will increase if the cell is in the solution.

These changes can be used to estimate both size and number of the cell by software in computer.
This technique introduced in the mid-1950s by the Coulter brothers and theory behind is known as
Coulter principle *®. Today fully automated Coulter counter for laboratorial and industrial use exist.
The Beckman Coulter Z model was used to determine the number and size of the cells in this
investigation. Particles less than 10.5 pm were considered as debris and usually cells between 10.5
pm and 28 pum will be included. A single count can be made in less than one minute and a size
distribution curve of particles is obtained by multisizer software on monitor as shown in the below.
The Coulter counter data were extracted and exported to an excel file, were counts were

transformed to cells/ml using dilution factor.
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Figure 56

An Example of four samples of control cells as output from coulter counter.



Measurement of cell growth and proliferation

As described in methods, Coulter counter assay is a simple method to investigate the time and dose
dependent effect of a compound on a specific cell line such as DLD-1. The time dependent and dose
dependent effect of Pr.Pter at 24, 48 and 72 hour was done as in the following setup. Cells were
plated in 24 well plate with 5%10* cells in each well. The cells attached by incubation at 37 °C with
5% CO; during overnight. The next day, medium was replaced with 1ml medium containing
increasing concentration of Pr.Pter (15 uM, 30 uM and 60 puM). McCoy's medium containing 0.1%
DMSO was used as control. Two other columns were used for 30 UM RV and 30 uM pterostilbene

as shown in figure 57.
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Figure 57

Coulter counter (CC) set up
The plates incubated for 24, 48 and 72 hours with incubator. At the time of analyse the media was
removed and each well was washed with 1ml PBS and incubated for 20 minutes with 200 pL 0.05%
trypsin. Then 800 pl of PBS was added to each well to stop action of trypsin. Then the cells were
re-suspended to single cells and finally 800 pul of the cell solution from each well was transferred to
a cuvette containing 10 ml of sterile filtrated 0.9% sodium chloride. The cells were counted by
Coulter counter. In order to avoid settling effect cuvette was gently mix before each measurement.
The result of each counting was saved in computer as Z2 files. Finally the result from each counting
was exported to a excel file and time dependent and dose dependent curve was made from this excel

fil which is found in the result part.



FitterBJO3 Software

Base on the coulter counter data it is possible to estimate cell diameter by using Java based software
program Fitter BJ developed by Benjamin Toft, Aarhus University. The data for each sample from
Coulter counter are transmitted to the FitterBJO3 program. The fitter BJO3 estimates the median cell

diameter from each sample by fitting a polynomial graph.

£ J&B impirial turbo fitter
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Save data | 1262 5.4302045692067 | |
13.11 5.584701302385716 |
Figure 58

An example of fitted polynomial

Phase contrast microscopy

The cells were photographed at 20X and picture was taken from each well by using phase contrast
microscope, Leica DMIRB with a DFC 450 C digital camera system for morphological study.
Before counting the cells from each well, picture of cells were obtained using a x20 magnifying
microscope with a camera attached. Pictures were taken from middle of the well, were the contrast
was highest. These pictures are shown in the result. Then imajeJ program version 1.32j was used to
measure the cell area from phase contrast images. The mean area of 10-15 random cells was
determined from the pictures using ImageJ software. Then an average of estimates from four

measurement of each time and concentration were calculated.



MTT assay

MTT assay is a colorimetric assay, which is used to determine the cell viability *". In this assay
yellow coloured tetrazolium salt is taken up and cleaved by metabolically active cell to purple,

water soluble formazan as shown in the below.
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Figure 59

Tetrazolium salts are a large group of heterocyclic organic compound that are highly colored. The
first tetrazolium salt was synthesized by Von Pechmann and Runge in 1894. They are widely used
as dye and analytical reagents, where their deep color makes them good indicator for redox
reactions™® ™%, MTT is reduced by active actively growing cells to produce a blue formazan
product. Berridge & Tan observed that the most cellular MTT reduction occurs outside the
mitochondrial inner membrane and involves the pyridine nucleotides cofactors NADH and
NADPH™21417 1n other word cell metabolism is used as an indicator for cell survival: more cells
means more metabolism activity and more tetrazolium salt is reduced therefore darker purple is
appear as shown in figure 60.

Figure 60

Column 6, 7, 10 and 11 appear brighter than others. Because of the less cellular activity which is related to

more concentration of Pter and Pr.Pter.



Solubilized formazan has a maximum absorbance near 570 nm. Absorbance of solubilized
formazan at 570 and 620 nm was measured by a Bio-Tech Synergy HT Multi-Mode microplate
reader. Results are exported to an excel file where absorbance OD calculates with the below

formula. OD is optical density for each well and OD blank is optical density for well without cells.

OD = (aveODs7o — aveODblanks7o) - (aveODg, — aveODblankeg,o)

Then percent of cytotoxicity (H %) or grow inhibition can calculated from below equation

H (%) = ODC _OTN
ODC
Opc= OD average value of control cells
O1n=0OD value of each well with treated cells
H% is usually between 0 and 100% where 0% indicates the same grow as in control and100%

indicates all cells are dead and negative H % means more cells than in control.

Determination of optimal cell density

A serial dilution of cell concentrations ranging from 50.000 cells/ml to 391 cells/ml were prepared

in McCoy's medium and incubated for 24 hour in a 96 well plate as shown in figure 61.
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Figure 61

The red wells are wells without cells (blank), column 11 with 50,000 cells /ml or 5000 cell/100 ul has

highest cell density and column 4 with 3901 cells /ml has lowest cell density.



Then absorbance was measured by a Bio-Tech synergy HT multi- mode micro plate reader. Plotted
Absorbance against number of cells provided a curve. The optimal cell density was considered as

3*10* cells /ml, since it was laid within the linear portion of the plot.
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Figure 62

The optimal cell number 30.000 cells /ml or 3000 cells/100 pL was chosen.

Measurement of cell viability

In order to carry out assay, cells were grown in McCoy's medium for 24 h, then exposed to
increasing concentration of Pr.Pter (15, 30, 45, 60 uM), Pter (15, 30, 60 uM) and RV (30 uM).
Control received 0.1% DMSO and a column was used as blank (medium without any cells) as

shown in figure 63.
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Figure 63

MTT set up

Dark blue are Pr.Pter, red are blank, bright blue are control, yellow are Pter and purple is RV.



The cells were incubated at 37°C in the 5% CO; incubator for 24h, 48h and 72 h. Then medium
was removed by gently inverting the plate on a sterile paper and replaced by 100 puL of 0.5 mg/ml
of 3-(4,5 dimethylthiazol-2-yl)-2,5-diphenyl-2H tetrazolium bromide in HBSS solution and
incubated at the same condition for 4 h. Then MTT solution in each well was removed by gently
inverting the plate on a sterile paper and replaced with 100 uL DMSO to dissolve purple formed
crystal. Then the plate was covered by aluminium foil and was left on the plate shaker forl0 min.
When all formazan crystal was completely dissolved, the optical density was read at 570 nm and
620 nm by Bio-Tech synergy HT multi- mode micro plate reader. The result was saved and
exported to excel fil. Then absorbance can be converted to related cell number by some simple

calculation as described in methods.

Fluoresces Activated Cell Sorters (FACS)

Fluoresces activated cell sorters (FACS) which works based on the principle of flow cytometry is a
helpful method for quantitative measurements on a single cell level in cell biology. The word
cytometry means the measurement and analysing of scattered light or fluoresces, while particle or
cells pass through a beam of light or a laser beam. The basic component of FACS consists of a flow
cell that forces cell into the middle of a fluidic sheath, a laser source of light, detector, a

photomultiplier to amplify the signal and a computer as shown in figure 64.
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Figure 64

Schematic diagram of a flow cytometry, showing the flow sheath, laser, photomultiplier tubes (PMTS),

analogue to digital converter (ADC) and analysis workstation (computer)*?



The cells are passed through a laser light beams. As the laser beam hits the cells, the light beam is
scattered in a forward (FSC) and side (SSC) direction. The Forward scatter provides information
about cell size and side scatter provides information about granularity or complexity. Fluorescence
can also be detected if fluorescently labelled cells are used. Scattered light or fluorescence is
captured and directed to photodetector for conversion to electronic signals. The electronic in the
flow cytometry amplify the signal and convert the analog data to digital data, which can be analysed
by computer software programs. Measured particles can be cells, chromosomes or other particles

that can be suspended in the fluid'?® *%,

The cell cycle analysis by FACS

As it mentioned before during the cell cycle a cell undergoes dramatic change in both size and DNA
content. For example the amount of DNA is lowest in Go/G; phase and cells are diploid (2n). In the
S phase DNA is synthesized and amount of DNA increase from 2n to 4n until the cell enter the G,
phase where it now has twice amount of DNA as in G¢/G; phase. These changes make possible to
determine the cell cycle distribution by FACS. This can be done by using a flurochrome such as
propidium iodide (PI) that has high specificity for DNA. Fluorescence of the PI stained cell and
then DNA content is measured by FACS. The DNA histogram appears as a relatively simple data

set with three distinct populations that are related to G;, S and G, phase as shown in figure 65.
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Typical DNA content frequency histogram provided by software program



Cell cycle analysis by FACS

The Effect of Pr.Pter, Pter and RV on the cell cycle was examined by FACS at 24, 48 and 72 hours.
Experiment was performed with 10 cm dish according to the protocol which is exists in the Ole’s
Lab.5*10* DLD-1 cells were seeded in 10 cm dish one day before to RV, Pter and Pr.Pter treatment.
At the day of treatment medium was changed to medium containing 30 uM RV, 30 uM Pter and 30
M Pr.Pter. After incubation at the designate times, the growth medium containing dead cells was
transferred in 50 ml Eppendorf tube for apoptosis analysis. Then the cells were washed with 10 ml
PBS and transferred to the same Eppendorf tube. Then the cells were detached by 1 ml trypsin
followed by incubation for 10-15 minutes. Then 4.5 ml PBS was added and collected in the same
Eppendorf tube. The cell suspension was pelleted by centrifuge for 6 min. (300 g or 1800 rpm at
4°C). Then supernatant was discarded and the cells were washed in 10 ml PBS and were pelleted as
before. The supernatant was discarded again and the cells re-suspended in 5 ml PBS. Then the cells
were counted by Coulter counter and 2*10° cells were transferred to FACS tube. The cells were
pelleted and supernatant was discarded as before. Finally, the cells re-suspended in 200 pl PBS and
fixed by slowly adding 2 ml ice cold 70% ethanol, while mixed by vortex mixer. The FACS tubes
were incubated for 30 min on the ice before storage at -20°C.

For FACS analysis samples from freezer were pelleted and supernatant was discarded.

The cells re-suspended at 400ul PBS. 50 pul RNase (Img/ml) and 50 ul PI (0.4 mg/ml) was added
and the cells were incubated in the dark at room temperature for 30 min. Then the cells were
pelleted for the last time, supernatant discarded and re-suspended in 2 ml PBS. Finally cells were
analyzed by FACS. The FACS files were opened in Modfit software. The resulting percentage-wise

distribution of cells in phases was given from a model fitted by the software.



Chapter 4

Results

HsCO

N
HyCO n
Pr.Pter (Compound 12) was obtained as colorless oil after purification via column chromatography.
This compound was synthesized after 6 steps and has not been synthesized before. Pr.Pter was
synthesized with 9% vyield and verified by HNMR and GC-MS. In the following part chemical
structure and *HNMR of each step and final product is shown. Protons are labeled as (a) to (k).

Step 1 (Compound 5)

d c a
H H HsC CH,
o b H/C/
b
o SI\HC/CH3
eH Y a
HC b CHgy
H /N
d H HsC CHs
¢ a

Compound 5 was obtained with 84.5% yield and R¢ value 0.8 as a yellow pale oily which was
verified by HNMR and GC-MS. Proton H. appear downfield as singlet at 9.8.8 ppm, indicated the
presence of an aldehyde. Protons (Hc, Hd.) are down fielded as doublet at7. 80- 7.78 and 7.0-6.98
ppm, indicated the presence of a para-substituted benzene ring. Protons (Hp) are up fielded as

multiple at 1.26-1.34. Protons (H,) are up fielded as doublet at 1.1 ppm, indicated the presence of a

TIPS group.
NMR SPECTROSOPIC DATA FOR COMPOUND 5 IN CDCI3
Proton(s) Chem. Shift (8)  Splitting Integration & |
coupling
e 9.88 singlet 1H
d 6.98-7.00 doublet 8 Hz (2H)
C 7.78-7.80 doublet 8 Hz (2H)
b 1.26-1.34 multiple -

a 1.10-1.12 doublet 8 Hz



Step 2 (Compound 6)

d a
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C
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Compound 6 was obtained as yellow oil with high yield 91.5 % and verified by *HNMR. This
compound with Rf 0.4 was obtained after filtration. Proton (Hy) appeared as broad at 3.50 ppm,
indicated the presence of OH group. Protons (H¢) appeared as singlet at 4.59 ppm, indicated the
presence of a methylene group. Protons (H, Hq) are down fielded as doublet at 7.20 and 6.85 ppm,
indicated the presence of a para-substituted benzene ring. Protons (H, Hy) are related to TIPS group
appeared as doublet and multiple at 1.11-1.09 and 1.22-1.27 ppm, respectively.

NMR SPECTROSOPIC DATA FOR COMPOUND 6 IN CDCI3

Proton(s) Chem. Shift (d) Splitting Integration & |
coupling

g 3.50 broad 1H

f 4.59 singlet 2H

C 6.85-6.87 doublet 8 Hz (2H)

d 7.20-7.22 doublet 8 Hz (2H)

b 1.22-1.27 multiple

a 1.09-1.11 doublet 8 Hz



Step 3 (Compound 8)
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Compound 8 was obtained as colourless oil with 46% vyield. This compound with Rf 0.3 was
verified by tHNMR. Protons (Hg) are up fielded as triplet at 1.21 ppm and overlapped with protons
Hy since they have the same chemical shift. Protons (Hy) appeared as multiple at 4.00 ppm,
indicated the presence of methylene group. Protons (He) appeared as doublet at 3.05 because of
coupling with phosphorous. Protons (Hc, Hg) as in compound 5 down-fielded as doublet at 7.16 and
6.83ppm are related to benzene ring. Protons H, as doublet at 1.09 ppm indicated the presence of

methyl group.
NMR SPECTROSOPIC DATA FOR COMPOUND 8 IN CDCI3

Proton(s) Chem. Shift (5) Splitting Integration & |
coupling

g 1.21-1.26 triplet -

f 3.94-4.00 multiple 4H

e 3.05-3.11 doublet 24Hz (2H)

d 6.83-6.81 doublet 8 Hz (2H)

c 7.16-7.14 doublet 8 Hz (2H)

b 1.08-1.09 doublet 4 Hz

a 1.20-1.24 multiple -



Step 4 (Compound 10)

Compound 10 was obtained as oil after column chromatography with 15.5% yield. This compound
with R¢0.8 was verified with HNMR and GC-MS. Protons (H,) are up fielded as doublet at about 1
ppm and protons (Hy) appeared as multiple at 1.21 ppm, indicated TIPS group. Protons (H¢, Hg)
appeared down fielded as doublet at 7.36 and 6.85 ppm, indicted the presence para-substituted
benzene ring. Protons (He, Hy) appeared down fielded as doublet at 6.91 and 7.00 with j=16Hz
indicated trans- stilbene. Protons Hy appeared as doublet because of ortho coupling with (H;) at 6.64
ppm, indicated the presence of aromatic ring. Protons (H;) appeared as triplet because of ortho

coupling with (Hg) at 6.37 ppm.

NMR SPECTROSOPIC DATA FOR COMPOUND 10 IN CDCI3

Proton(s) Chem. Shift (3) Splitting Integration & ]
coupling

a 1.05-1.07 doublet -

b 1.21-1.29 multiple 3H

C 7.36-7.38 doublet 8Hz (2H)

d 6.87-6.85 doublet 8 Hz (2H)

e 6.91-6.88 doublet 16 Hz (1H)

f 7.04-7.00 doublet 16 Hz (1H)

g 6.64 doublet 1H

h 3.83 singlet 6H

6.37 triplet 1H



Step 5 (Compound 11)
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Compound 11 was obtained as colorless oil after column chromatography with 62% yield. This
compound with R¢ 0.9 was verified by HNMR and GC-MS. Protons (H,) are up fielded as doublet
at 1.06 ppm and protons (Hp) appeared as multiple at 1.22-1.20 ppm, indicated TIPS group. Protons
(Hc, Hyg) are down fielded as doublet at 7.36-7.38 and 6.87-6.85 ppm, indicated the presence of para-
substituted benzene ring. Protons (He, Hs) are down fielded as doublet at 7.01-6.97 and 6.94-6.90
ppm with j=16 Hz, indicated the presence of trans-stilbene. Protons (Hg) appeared as singlet at 6.65
ppm, are related to benzene ring. Protons (H;) appeared as doublet at 3.80-3.8 ppm, indicated the
presence of methylene group. Protons (H;) appeared as triplet at 5.17-5.21 ppm, indicated the
presence of methine group. Protons (Hx Hk') appeared as singlet at 1.77 and 1.66 ppm, indicated the

presence of methyl group.
NMR SPECTROSOPIC DATA FOR COMPOUND 11 IN CDCI3

Proton(s) Chem. Shift (§)  Splitting Integration &
j coupling

a 1.06-1.08 doublet 8 Hz

b 1.22-1.29 multiple -

c 7.36-7.38 doublet 8Hz (2H)

d 6.87-6.85 doublet 8 Hz (2H)

e 6.90-6.94 doublet 16 Hz (1H)

f 7.01-6.97 doublet 16 Hz (1H)

g 6.65 singlet 1H

h 3.86 singlet 6H

i 3.80-3.82 doublet 8 Hz (2H)

j 5.17-5.21 triplet -

k 1.66 singlet -

k’ 1.77 singlet -



Step 6 (Compound 12)

Compound 12 or Pr.Pter was obtained as colorless oil after 2 times column chromatography with
9% yield. This compound with Rs 0.47 was verified with ‘HNMR. Protons (H,) are appeared as
broad at 1.38-1.5 ppm, indicated OH group. Protons (Hc, Hy) appeared down fielded as doublet at
7.42-7.40 and 6.85-6.83 ppm, indicated para-substituted benzene ring. Protons (He, Hf) appeared
down fielded as doublet at 7.03-6.99 and 6.95-6.91 ppm with J=16 Hz, indicated trans-stilbene.
Protons (Hg) appeared as singlet at 6.68 ppm, indicated benzene ring. Protons Hy, appeared as singlet
at 3.88 ppm, indicated methoxy group. Protons (H;) appeared as doublet at 3.68-3.65 ppm, indicated
methylene. Proton (H;) was appeared as triplet at 5.18-5.20 ppm, indicated methane group. Protons

(Hk, Hy) are appeared as singlet at 1.78 and 1.67 ppm, indicated methyl group.
NMR SPECTROSOPIC DATA FOR COMPOUND 12 IN CDCI3

Proton Chem. Shift Splitting Integration& j coupling
(8)

I 1.38-1.5 broad 2H

c 7.40-7.42 doublet 8Hz (2H)

d 6.85-6.83 doublet 8Hz (2H)

e 7.03-6.99 doublet 16 Hz (1H)

f 6.95-6.91 doublet 16 Hz (1H)

g 6.68 singlet 1H

h 3.88 singlet 6H

i 3.65-3.68 doublet 12Hz (2H)

j 5.18-5.20 triplet 1H

k 1.67 singlet --

k'’ 1.78 singlet --



The Effect of on cell number
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Cell number for DLD-1 cells exposed to (15, 30 and 60 uM) Pr.Pter, 30 uM Pter and 30 uM RV, after 24h:

(A), 48h: (B) and 72 h: (C). The values are the mean of the result from three similar experiment and the bars

represent the standard deviation of these values.*: P<0.05, **:P<0.01, ***:P<0.001, ****:P<0.0001 vs.
control values. The cell number is relative percentage to control.

To analyse the effect of Pr.Pter on DLD-1cells growth, cell number was determined by Coulter
counter. The cells were counted at 24, 48, 72 hours after treatment with 30 pM RV, 30 uM Pter, 15,
30 and 60 pM Pr.Pter. The results were analysed by considering the control cells at 24, 48, 72
hours. The data shows that after 24 h treatment with three concentration of 15, 30 and 60 uM
Pr.Pter cell number was slightly increased. While 48 h treatment with 30 uM Pr.Pter caused 5%
decrease in cell number and 60 puM Pr.Pter caused significantly decrease in cell number (50%
compared to control). Treatment with 15 uM Pr.Pter did not change the cell number. 72 h treatment
with 30 uM Pr.Pter caused significantly decrease in cell number (63 %) and treatment with 60 uM
Pr.Pter caused the cell number strongly reduced (93% compared to control). Treatment with 15 uM
Pr.Pter did not change the cell number.

24 h treatment with 30 uM RV caused significantly decrease in cell number (31% compared to
control). 24 h treatment with 30 uM Pter caused 26% decrease in cell number, but it was not
statistically significantly different from the control. 48 treatment with 30 uM RV and 30 uM Pter
caused significantly decrease to about 50% in cell number.

72h treatment with 30 uM RV and 30 pM Pter showed significantly decrease in cell number (57%).
It was also observed that although RV and Pter treatment strongly reduced the cell number
compared to control, the cell number was still higher compared to the numbers at the setup, whereas
the treatment with (30 and 60 uM) Pr.Pter caused a lower cell number compare to set up after 48 h

and the cell number was further decreased.



ICso was determined by Coulter counter. 1Cso decreased overtime (48 to 72h) from 54.8 to 25.5. An
ICso was not obtained at 24 h and it was not possible to obtain an ICs, for Pter and RV treated cell,

because one concentration of them used.
ICs0(UM) |48 hours 72 hours

Pr.Pter 54.8+1.8 255+ 217

ICso of Pr.Pter found by Coulter counter assay. The values are the mean of three experiments with

percentage of the standard deviations.

The effect on cell Diameter

-
o

Cell diameter um
Cell diameter um
1
Cell diameter pm
-

o

Cell diameter for DLD-1 cells exposed to (15, 30 and 60 uM) Pr.Pter, 30 uM Pter and 30 uM RV, after 24h:
(A), 48h: (B) and 72 h: (C) treatment. The values are the mean of the result from three similar experiment
and the bars represent the standard deviation of these values, *: P<0.05, **:P<0.01, ***:P<0.001,
**4%:P<0.0001 vs. control value.

After 24 h treatment with 15, 30 and 60 uM Pr.Pter cell diameter did not change, while after 48 h
treatment with 30 and 60 uM Pr.Pter cell diameter decreased significantly to about 12 pum. 72 h
treatment with 30 and 60 UM Pr.Pter caused a significantly decrease in the cell diameter to about 11
pum compared to control. It was also observed that the cell diameter did not change after treatment
with 15 uM Pr.Pter at 24, 48 and 72 h.

After 24 h treatment with 30 pM RV and 30 pM Pter cell diameter increased significantly to 14.5
um and after 48 h treatment cell diameter increased significantly to 18 um. 72 h treatment with 30
UM RV and 30 uM Pter caused cell diameter increased significantly compared to control, but the
cell diameter did not change compared to 48 h and increase in the cell diameter was reached a

plateau after 48 hrs.



The effect on Cell Morphology

For morphological study, cells were viewed with phase contrast microscope and images were taken
with 20X magnification. From the images it was clear that fewer cells are presented in cells treated
with 30 uM Pr.Pter, 30 uM Pter and 30 uM RV. Furthermore cells appeared larger and flatter after
treatment with RV and Pter and some cells had grown very large with an appearance of a fried egg.
In contrast Pr.Pter treated cells appeared smaller, rounded and with less contact between cells. The
effect was observed after 24, 48 and 72 hrs. It was also noticed that RV treated cells adhered more

tightly to surface of the dish than control or Pr.Pter treated cells when trypsinized.

a) Untreated cells after 24 h b)) Cells with 30 uM RV after 24 h




e) Untreated cells after 48 h f) Cells with 30 uM RV after 48 h




2
w
=)
=3
=3

Cell areal pm

Cell area for DLD-1 cell exposed to (15, 30 and 60 uM) Pr.Pter, 30 uM Pter and 30 uM RV, after 24h: (A),
48h: (B) and 72 h: (C). The values are the mean of the result from three similar experiment and the bars
represent the standard deviation of these values, *: P<0.05, **:P<0.01, ***:P<0.001, ****:P<0.0001 vs.
control value.

The cell area of Pr.Pter treated cells did not differ much from the control, although the cell area was
slightly reduced after 48 h treatment with 30 and 60 UM Pr.Pter. After 24 and 48 h treatment with
30 pM RV and 30 pM Pter, the cell area significantly increase from 1000-1200pum? to 3000-3500

pUm2. After 72 h treatment with 30 uM RV and 30 uM Pter the average cell area decreased slightly.



The effect on cell viability

This experiment was done to investigate the effects of Pr.Pter on cell viability and compare its

effect with Pter and RV.
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Cell viability for DLD-1 cells exposed to (15, 30 and 60 uM) Pr.Pter, 30 uM Pter and 30 uM RV. Cell
exposed for 24h: (A), 48h: (B) and 72 h: (C) The values are the mean of the result from three similar
experiment and the bars represent the standard deviation of these values, *: P<0.05, **:P<0.01, ***:P<0.001,
****:P<0.0001 vs. control value.

Data shows that after 24 h treatment with 15 uM Pr.Pter, MTT activity decreased (8%) but
difference is not significantly compared to control, while treatment with 30, 45, 60 UM caused
significantly decrease of 20%, 30%, 50%, respectively. 48 h treatment with 15, 30 and 60 pM
Pr.Pter caused significantly decreased of 22%, 34%, 77% respectively, in MTT activity. 72 h
treatment with 30, 45 and 60 uM Pr.Pter caused significantly decreased of 57%, 87%, and 97%
respectively in MTT activity. After 72 h treatment with 15 uM Pr.Pter MTT activity decreased, but

difference in not significant.



After 24 h treatment with 30 uM RV, 15 and 30 uM Pter MTT activity did not change, but 60 uM
Pter caused 35% decrease in MTT activity. After 48 h treatment with 30 uM RV and 15 puM Pter
MTT activity did not change. 48 h treatment with 30 and 60 uM Pter showed significantly decrease
of 22% and 76% respectively in MTT activity. MTT activity did not change after treatment with 30
UM RV. After 72 h treatment with 15 uM Pter caused slightly decrease in MTT activity. Treatment
with 30 and 60 uM Pter showed significantly decrease of 51% and 91 % respectively in MTT
activity.

ICso was calculated by MTT. ICs, decreased overtime (48 to 72h) from 39.6 to 29.7uM for Pr.Pter
and from 42.7 to 30.3 for Pter. An ICs was not obtained at 24 h.
ICso(UM) |48 hours 72 hours

Pr.Pter 396+149 ([29.7+113
Pter 42.7+127 |30.3+16.3

ICs of Pter and Pr.Pter found by MTT assay. The values are the mean of three experiments with percentage

of the standard deviations.

The effect on Cell death

To investigate the effect of Pr.Pter, Pter and RV on the cell cycle phases and cell death, FACS
analyse was performed. Cells in the sub- G; marker windows were considered to be apoptotic. It
was observed that induction of the cell death was increased over time to about 28% for both Pr.Pter
and RV treated cells after 72 h. It was also observed that induction of cell death was reached to 19%

for Pter treated cells after 72 hrs.
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The effect on the cell cycle

Cellnumber (%)
Cellnumber (%)
Cellnumber (%)

DLD-1 cells were treated with medium containing 30 UM Pr.Pter, 30 UM Pter and 30 uM RV at 24h: (A),
48h: (B) and 72 h: (C). The values are the mean of the results from three similar experiment and the bars
represent the standard deviation of these values. *: P<0.05, **:P<0.01, ***:P<0.001, ****:P<0.0001 vs.

control value.

The data showed that Pr.Pter induced cell cycle accumulation in G; phase, while both RV and Pter
induced cell cycle accumulation in S phase after 24 hrs. However difference in not significant
compared to control. 48 h treatment with RV and Pter induced cell cycle accumulation in S phase
resulting in a significantly decrease in G, phase, while Pr.Pter has almost did not change cell cycle
phases compared to control. After 72 h treatment both RV and Pter induced significantly cell cycle
accumulation in S phase, resulting in a significantly decrease in G; phase. Pter induced also cell
cycle accumulation in S phase, but the difference is not significantly from the control. Pr.Pter

induced a significantly accumulation in G, phase resulting in a significantly decrease in S phase.

Discussion

Compound 12 (Pr.Pter) has not been synthesized before and can be subjected for further biological
evaluation. Except in the first step (compound 5), no attempt was made to optimize yields. *HNMR
was carried out and confirmed formation of major desire product with a minor part of impurities
which could not further separated and identified. Therefor the percentage of impurities was not
calculated, but the major compound was the desire product and was pure enough to be tested in
vitro. Mass spectroscopy confirmed formation of the product. Compound 5 was obtained with high
yield of 84.5% versus 96% reported in similar reaction in literature’®. Compound 6 was obtained
with high yield of 91.5% versus 97% reported in similar reaction in literature*®*. Compound 7 was

obtained with moderate yield of 67% versus 85% reported in literature™®. The discrepancy between



the 67% yield in this study and 85% yield made by Rebekah may be explained by different method
used for drying of THF. Compound 8 was obtained with moderate yield of 46% versus 43%
reported in similar reaction in literature®. In synthesis of compound 7, 3 equivalent of tri ethyl
phosphite was used. *HNMR signal and smells of the reaction mixture showed this amount was too
much, therefor for synthesis compound 8 (1.5 eq.) tri ethyl phosphite was used. This led to improve
purification. In synthesis compound 10 a longer reaction time was detrimental to the reaction yield
and therefor yield was not high enough (15.5%) compared to similar reaction in literature with 82%
yield®’. Compound 11 was obtained with 62% yield after 2 failed attempts. In the third attempt,
THF was dried by sodium/benzophenone. This is because n-BuLi is very sensitive to water and
THF is hygroscopic. Although molecular sieve are more efficient than sodium benzophenone for
drying of solvent, but they are required full activation special in reactions which are very sensitive
to water such as in reaction with n-BuLi’’. Compound 12 was obtained with low yield of 9% versus
75% reported in similar reaction in literature®’. A low yield could be explained through an increase
in side reaction or lose of the product during purification.

The effect of Pr.Pter on cell growth, cell proliferation and cell cycle arrest was examined and
compared with Pter to clarify the effect of isoprene side chain. No studies have examined before the
effect of Pr.Pter on human cancer cells.

Effect on cell proliferation

DLD-1 cell numbers were reduced after treatment with Pr.Pter, Pter and RV in a dose and time
dependent manner. Both Pter and RV showed almost the same manner at 24 hrs 48 and 72 hrs,
which is in agreement with other studies ’. Pr.Pter treated cells showed also reduction in the cell
numbers, but first after 48 hrs at 60 UM and then after 72 hrs, a stronger response was observed
compared to control. This is may be because of cellular metabolism which takes time to convert
Pr.Pter to another compound or may be because Pr.Pter operates on another target molecule which
can explained by structural differences. The decrease in the cell number could be due to reduced
cell division or increased cell death. In contrast to RV, Pr.Pter treated cells caused a lower cell
number compared to set up after 48 h and the number was further decreased. This indicates that
Pr.Pter has a stronger inhibitory effect or maybe an irreversible effect on DLD-1 cells. Studies have
shown that anti-proliferative of RV is reversible, when replenishing RV treated cells with fresh

medium without RV*?®. However this needs to be investigated.



Effect on cell morphology & cell diameter

Based on the result from the cell diameter, it was concluded that Pr.Pter, Pter and RV showed
indications of a time and dose dependent effect on the cell diameter. Pr.Pter showed a reduction of
11% in cell diameter after 48 hrs at 30 and 60 uM, while RV and Pter exposed DLD-1 cells were
enlarged with maximum effect of 38% at 30 puM. Increase in cell diameter with RV treated cells is
in agreement with other studies in the RUC and other articles where showed RV caused cell
diameter enlargement.®® . No study has examined the effect of Pr.Pter on the cell diameter, but
other studies have shown that mammalian cell will enlarge if m-TOR and S6K overexpressed or m-
TOR inhibitors suppressed or if cell division is inhibited and arrested in S phase'?® **°. M-TOR
pathway is involved in cell growth, cell proliferation, protein synthesis and cell size control through
the mechanism that are not well defined'®. Fingar et.al reported that mammalian cell size regulated
by m-TOR and PI3K pathways™** **2, Therefor a decrease in the cell diameter by Pr.Pter treated
cells may be linked to inhibition of m-TOR pathway. Increase in the cell diameter by RV and Pter
treated cells showed, even though the cell cycle was blocked, cell growth were not affected and they
did not inhibit the cell growth or protein synthesis, resulting in larger cells'*.

Pr.Pter treated cell has no significantly effect on cell area, while RV and Pter treated cells caused
cell area enhancement compared to control. Increase in the cell area could be linked to an increase
in the cell attachment and arrangement of actin cytoskeleton which is regulated by mTORC2®.
Study showed that eukaryote cells will reduce in size if they arrested in G; phase and will increase
in size if they arrested in S phase®®. Therefor it could speculate that Pr.Pter caused cell cycle arrest
at G; phase, while RV and Pter caused cell cycle arrest in S or G, phase. In other word they have
different targeting molecule. Altogether, it was found that Pr.Pter, Pter and RV were able to induce
morphological changes in DLD-1 cells. It is thought that observed morphological change is related

to changes in the adherence function of the cells**’.

Effect on cell viability

Based on the result from MTT, it was concluded that Pr.Pter and Pter showed indications of a time
and dose dependent effect on cell viability. Pr.Pter treated cells showed a very strong response in
MTT activity and cell viability significantly decreased after 24 h. 51% of cell viability was inhibited
with 60 uM, while cell viability did not change with Pter treated cells after 24 hrs. As Pr.Pter was
able to reduce the cell number in Coulter counter, it would be expected the same effect in MTT but



MTT showed a very strong response. This was may be some of the counted cells in Coulter counter
were already dead. The cell viability did not change when they was exposure to RV at 24, 48, 72
hrs. This finding is in agreement with the observed result by Bernhard*®®. This is may be because 30
MM RV is not sufficient for induce apoptosis and reduction in cell numbers was related to reduction
in cell growth. This is in agreement with observed result by Duranton .Duranton et al. reported that
25 UM RV can reduce proliferation of Caco-2 cells, but cannot induce apoptosis*®.

ICso values decreased overtime (48 to 72h) from 39.6 to 29.7 uM for Pr.Pter and from 42.7 to 30.3
UM for Pter which is comparable with 1Csy values in Coulter counter. 1Csy values was also
decreased overtime (48 to 72) from 54.8 to 25.5uM for Pr.Pter treated cells in Coulter counter. This
indicates that Pr.Pter was toxic for DLD-1 cells and less amount of Pr.Pter was needed when cells
were exposed for a longer time. Furthermore, it showed that DLD-1 cells were not able to detoxify
or maintain resistant to Pr.Pter. 1Csq values were slightly lower for Pr.Pter compared to Pter treated

cells; this also showed a better inhibitory effect for Pr. Petr.

Effect on cell cycle

Base on the result from FACS, Pr.Pter treated cell caused accumulation in G; phase after 24 hrs
compared to control. This is may be linked to decrease expression of cyclin D *°. Cyclin D is
responsible for transition from G1 to S phase. After 48 hours, this G; phase accumulation was no
longer observed compared to the control. But after 72 h a strong accumulation in G, phase was
observed. This could be a result of the death of some G1 arrested cells. Other studies have also
observed a shift in phase distribution, for example from S phase to G, phase, when increasing
exposure time from 48 to 72 h *¥. Accumulation of cells in G; or S phase caused cells are spending
longer time in these phases than normal, resulting the reduced proliferation.

RV and Pter treated cells caused a large S phase accumulation after 24, 48 and 72 h compared to the

138 137 55 139 Accumulation in S

control. These observations confirm the evidence in the literature
phase can be due inhibition of DNA polymerase o and 8* *°.

FACS analysis revealed also an increase of sub-G; for Pr.Pter, Pter and RV treated cells after 72 h.
Therefor Pr.Pter, Pter and RV were able to induce cell death in a time dependent manner. Other
studies have also showed Pter and RV can induce apoptosis in different cell line'?® *°. Pr.Pter

treated cells led to greater extent (28%) of cell death than Pter treated cells (19%).



Conclusion

In conclusion synthesis Pr.Pter was accomplished through the HWE reaction in 6 steps. Attempt to
employ TCT/DMF system was met with problems, which were overcomes through the Zink
mediated phosphonate synthesis. The HWE reaction was not complicated, but some of the product
was lost through de-protection reaction and this make other steps challenging with so little product
to work it. The DoM reaction was another challenging step, because the environment of reagents
has to be kept free from oxygen and water, which was difficult to obtain by molecular sieve and
0.20 g of compound 11 was lost in the first and second attempt. However, formation of Pr.Pter was
achieved and many of its biological activities were explored. Pr.Pter was shown to inhibit the
growth of DLD-1 cells in a dose and time dependent manner in vitro. MTT analysis showed a very
strong effect (51%) after 24 h and 1Csy showed a better activity of Pr.Pter compared with Pter.
FACS analysis revealed that Pr.Pter arrested cells at G; phase after 24 h and G, after 72 h. FACS
analysis showed also Pr.Pter caused induction of cell death (25.5%) after 72 h versus 19.3% of Pter
treated cells. These finding indicated that prenylation might improve the cancer prevention effect of

Pter, however further investigations are needed.

Perspective

This study has demonstrated anti-cancer activity of Pr.Pter in the DLD-1 cells in vitro. It is still
unknown which pathways were involved in the reduction of the cell growth and inducing of the cell
death. Further research in this area could be done. In future studies it would be interesting to
examine its effect on the other cancer cells or on the normal cells. This study was performed in vitro

and an important stage in further research would be study in vivo.
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HNMR spectrum of compound 8
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HNMR spectrum of compound 10
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HNMR spectrum of compound 11
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HNMR spectrum of compound 12
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Appendix B

MS spectrum of compound 12
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Abbreviations

ANOVA
APC
Bax
Bcl-2
Bid
CDK
COX-2
CRC
DCM
DIABLO
DISC
DMF
DMG
DMSO
DMSO
DoM
E2F
FACS
FADD
FSC
Go/G1/G;
GC-MS
GLOBOCAN
HBSS
HWE
IAP

ICso
iINOS
KRAS
LOH

Analysis of Variance

Adenomatous Polyposis coli

Bcl-2- associated X protein

B- cell leukemia/lymphoma 2

BH3 interacting domain death agonist
Cyclin Dependent Kinase
Cyclooxygenase-2

Colon Rectal Cancer

Dichloromethane

Direct Inhibitor of Apoptosis Binding protein with Low pl

Death-inducing signaling complex
Dimethyl formamide

Directed Metalation Group

Dimethyl Sulfoxide

Dimethyl Sulphoxide

Directed Ortho-Metalation

Transcription factors
Fluoresces-activated cell sorting

Fas associated protein with death-domain
Forward Scatter of Cells

Gap phase 0 /Gap phase 1/Gap phase 2
Gas Chromatography-Mass spectroscopy
Global Burden of Cancer study

Hank's Balance Salt Solution

Horner- Wadsworth-Emmons
Inhibitors of Apoptosis Proteins
50% inhibitory concentration

inducible Nitic Oxide Synthase

Kirsten rat sarcoma oncogene

Loos of Heterozygosity



m- TOR Mammalian target of rapamycin

m/z Mass/Charge

MeOH Methanol

Mmol Millimole

MOM Methoxymethyl

N> Nitrogen

NADH Nicotineamide Adenine Dinucleotide
n-BuLi n-Butyllithium

NMR Nuclear Magnetic Resonance

PBS Phosphate Buffer Saline

Pl Propidium iodide

PI3K Phosphatidyl inositol 3-kinase

Pr. Pter Prenylated Pterostilbene

Pter Pterostilbene

Rb Retinoblastoma protein

RV Resveratrol

SIM Synthesis phase/ Mitosis phase

S6K S6 kinase

SMAC Second mitochondria derived activator of caspases
Smad Second mitochondria derived activator
SSC Side Scatter of Cells

TBAF Tetra-n-buty ammonium fluoride
TCT 2,4,6-tri chloro-1,3,5-triazine

TES Triethylsilane

THF Tetrahydrofuran

TIPS-CL Tri-isopropylchlorosilane

TLC Thin Layer Chromatography

TMS Trimethylsilyl

TNF Tumor Necrosis Factor

TNM Tumour Node Metastasis

TSG Tumor Suppressor Genes

VEGF Vascular endothelial growth factor



