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Abstract
Carcinogenesis is the transformation of a normiim® a cancerous cell. Cancer
chemoprevention is the use of natural and syntleetigpounds to stop carcinogenesis. These
compounds have been labeled chemopreventives apdake advantage of the human body’s
natural defenses to stop carcinogenesis. Chaldmnesdemonstrated antibacterial, antifungal,
antitumor, and anti-inflammatory properties. Irstproject, chalcones and their derivatives are
synthesized with the goal to be used as possil@mopreventives. We believe that when tested
on cancer cell lines, the boronic acid derivativk sihow greater chemopreventive activity
because of the boronic acid’s increased bioavdithabiwe have synthesized and characterized a
series of methoxy and boronic acid chalcones vt @@hdensation. Our synthetic methodology
included the conversion of hydroxybenzaldehydes atikoxybenzaldehydes via Williamson
Ether Synthesis, followed by a Clasien-Schmidt emrsation between the alkoxybenzaldehydes
and an acetophenone. The synthesized chalconeshamacterizedH, **C, and 2D NMR

spectroscopy and were shown to exhibit yields ragpériom 58% to 91%.



CHAPTER 1
Introduction

Cancer can best be described as the disease oEmaylhis disease goes against the
natural order in which normal cells operate. Canyggically attacks the organs in the human
body, by causing the uncontrollable growth of tfarmeed cells. During this process, the human
genome acquires mutant alleles of proto-oncogenesyr suppressors and other genes that can
regulate cell proliferation. This accumulation dfansformed cell form a tumor which can be
either be benign (localized/noninvasive) or malign@netastatic/invasive). In the majority of
cases it is the malignant tumors that are resptenfbthe largest part of deaths from cancer.
This disease is a complicated, multi step prodesistakes years to develop in humans, and can
involve a number of genes. Combinations of mutagees bring about the process of
carcinogenesis and studies have shown that a sgegke mutation is not enough to start the
process of cancer. Carcinogenesis, the transfawmafia normal cell to a cancer cell, can be
influenced by a person’s genetic makeup or by emvirental factors.

Cancer has become a growing health epidemic pigghie United States. It is estimated
that there is about 1.5 million new cancer casebleriUnited States and approximately five
hundred thousand deaths from cancer (Yadav, Pr&sad,, & Aggarwal, 2011). Although
cancer is a worldwide problem, the number of cam@dence rates, the rates with which the
disease is diagnosed, varies from country to cgwagmwell as regions to regions. According to
the International Agency for Research on Cancenic&fi Americans, in the United States of
America have the highest incidence rate of prostateer compared to any race in the world.
Regionally cancer varies dramatically (Weinberd) 20 For instance, African Americans in

Louisiana have a higher incidence of lung cancatewforean Americans in Los Angeles



experience a higher incidence of pancreas cantany case, cancer is an occurring issue across
the world.
1.1 Formation of Cancer

All cancers have a genetic basis. The accumulationutations in DNA is what brings
about the formation of cancer. The blue print of DN genes, whose main responsibility is to
keep cells in balanced. There are two known categof genes that are associated with cancer,
proto-oncogenes and tumor suppressor genes. Thmation or transformation of these two
genes can result in the formation of cancer. Pooimagenes code for proteins that help with cell
growth and differentiation. As a result of DNA dageathese normal cellular genes become
inactivated and transform themselves into oncogebdrsogenes promote cell growth and are
expressed in high level in tumor cells. Tumor segpor genes are genes that protect the cells
from advancing down the path towards cancer. lnattin of these genes causes cell
proliferation (cell growth). The formation of camd®as been found to be the cause of oncogenes
rather than the tumor suppressor genes. This eusedn order for the oncogene to be activated
it only takes one mutation, whereas tumor suppregsoes require multiple hits to become
activated (Weinberg, 2007).

The risk of developing cancer can be attribugechhdom mutations, inherited mutations,
viral infections and or environmental factors (Wsarg, 2007). Inherited mutations are pre-
dispositions that cause an abnormal gene thatsiseparom generation to generation. A
common misconception about inherited mutationbas & person will have cancer. In actuality,
persons with inherited mutations only inherit an@imal gene that has the potential to bring

about cancer. There is still a possibility of thatson never developing cancer.



The known or suspected causes of human cancesscafrom region to region and is
based on a person environment or life style choi€asironmental factors are the leading causes
in the formation of cancer. A person is exposechémy carcinogens on a daily basis. Studies
have determined that only 5-10 % of cancer is ghbgdanheritance of mutated genes while 90-
95% of cancer has been linked to lifestyles andrenmental factors (Yadav et al., 2011).
Infectious agents can lead to the transformatioa lodst cell, but is a preventable cause of
cancer (Carrillo-Infante, Abbadessa, Bagella, &r@amo, 2007). To combat a person’s constant
exposure to carcinogens developing a therapeldtatn prevent carcinogenesis would be
highly beneficial.

1.2 Cancer Cell Characteristics

Every cell goes through the cell cycle. The cgtlle for eukaryotes is divided into two
major periods: interphase, the process in whiclcélegrows, and mitosis, the phase where cell
division occurs. The duration of the cell cycleaodancerous cell is sometimes faster or
prolonged than that of a normal cell (Diaz-Morallgrrado-Castellarnau, Miranda, & Cascante,
2013). Within the cell cycle, check points are ugethonitor and regulate the progression of a
cell. Check points are designed to ensure that gadchar incomplete DNA is not passed to a
daughter cell. The cell cycle utilizes certain aneg, such as tumor suppressors, to inhibit the
cell cycle if a cell becomes cancerous.

Cancer cells exhibit behaviors found in a nornadil during development, differentiation
and homeostasis, but do not show normal regulaimnyrol over these functions. There are
certain distinct properties of cancer cells th#fedentiate themselves from normal cells. Most
normal cells have a limited potential to divide,efsh as cancer cells show no limitations towards

divisions. Cancer cells do not undergo contactaiioin. They are invasive by creating new



network of blood sources (angiogenesis) and mosbitantly they do not undergo apoptosis
naturally. Cancer cells are also known to metakdlizicose through glycolsis without the
formation of ATP and have a high pH levels withe tell. Given that cancer requires an acidic
and low oxygen environment to flourish, cancerqrgts have a very high blood pH of 6.5- 7.0 or
lower. Another factor that is common in all canaersflammation. Inflammation is a biological
response to harmful stimuli, and is classified itwo stages; acute and chronic. Chronic
inflammation is known to be associated with mosobait illnesses, including diabetes, obesity
and cancer. Studies have shown that chronic inflatiem is mandatory for the induction of an
immunosuppressive environment, due to the higheanations of oxygen (Mikirova, Casciari,
Rogers, & Taylor, 2012).
1.3 Cancer Treatments

Treatments for cancer are prescribed based onetyaf factors that are specific to the
patients’ individual circumstances ("Overview: Cangreatments - Cancer," 2012). These
factors include the cancer stage, patients’ agéjaakhistory and overall health. Each form of
cancer is different and requires different treathag@proaches. However, the most common
approaches are radiation and chemotherapy. Botfsfof therapy have the potential of
damaging both cancer cells and healthy cells. Tasralso newer forms of treatments emerging
on the frontier of cancer treatments and are madi trials.

Both surgical oncology and radiation therapy iscut treat localized cancer in the body.
Both forms are focused on the management of caScegery physically removes a tumor or is
sometimes used as a prevention measure. Radibgoaply is a method of treating cancer using

high-energy waves with the goal to kill cancer elt limit their ability to grow and divide.



Chemotherapy utilizes combinations of drugs thategther administered orally or
intravenously. Chemotherapy drugs target cellbéniody that divide and grow at a rapid rate
("Overview: Cancer Treatments - Cancer," 2012)sTarm of treatment is commonly
prescribed to patients’ whose cancer is not loedlifhemotherapy can be used to reduce
symptoms as well as the pain associated with camberduration of treatment is dependent on
the type of cancer, the area and a person’s ingiicesponse from their body to the drugs.

Chemotherapy drugs can be divided into severalggdased on the following factors of
how they work, their chemical structures, and thelmtionship to another drug ("What are the
different types of chemotherapy drugs?," 2012).yRliing agents work in all phases of the cell
cycle. Temodar® is an alkylating agents used toatpnDNA and prevent cancer cells from
reproducing. Antimetabolites interfere with DNA aR8lA growth during the S phase. Some
examples of antimetabolites are 5-fluorouracil, &captopurine, Xeloda®, Hydroxyurea, and
Methotrexate. Mitotic inhibitors are plant alkaleidnd other compounds derived from natural
products. Taxol® is an example of a mitotic inlabithat stops mitosis or inhibit enzymes from
making proteins needed for cell reproduction.

Doctors also rely on clinical drugs and studieamagption to treat cancer patients.
Clinical trials are studies that utilize voluntetrdake part in test of new drugs or procedures.
Amongst these new classes of drugs and procedigesdeztrochemotherapy and
chemopreventives. Electrochemotherapy combinestiafeof a chemotherapeutic drug
followed by the application of high-voltage electpulses to the tumor site (Heller, Gilbert, &
Jaroszeski, 1999). Chemopreventive agents intenfithea disease process by halting

carcinogenesis.



CHAPTER 2
Literature Review
2.1 Flavonoids

Phytohemicals are chemical compounds made byslaritelp protect cells against
oxidative damage. Flavonoids are a group of comgsdiound in plants and serve as defense
mechanisms against herbivores and provide thesatpigments in flowers, fruits and leaves
(Dyrager, 2012).This group of compounds is madefupstructural class known as
polyphenols. Polyphenols are unique for the redlsanthey can be found within nature, but can
be synthesized. Flavonoids are recognized for #rgioxidant properties, and are referred to as
“natures’ biological response” because of theifigitio modify the body’s reaction to allergens
and viruses.

Dietary agents from fruits, vegetables, and spgreseginning to draw attention from
both the public and medical community because @if #ibility to suppress a variety of diseases
(Yadav et al., 2011). There is a variety of flavisisoand each kind is divided into classes based
off their molecular structures. The most commondtzoids found in the human diet are
flavones, flavonols, isoflavones, and neoflavorkégure 1). Flavonoids are made up of three
heterocyclic rings, A, B & C. The common componeithin all the flavonoids is the ketone
functional group located in the C ring. This isieedd to give the compound its activity as well
as its dynamic color, yellow. Given that flavonoate distributed in the human diet they are
believed to be non-toxic compounds (Dyrager, 20 BYcause they naturally occur and are
easily synthesized, they are appealing drug cateidand can be classified as a

chemopreventive.
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Figure 1. Common flavonoids.
2.2 Chalcones

Chalcones (Figure 2) are the major intermediatékarbiosynthesis of flavonoids. These
compounds and their derivatives can either betisgdlaom natural products or synthesized
using classic synthetic chemistry. Chalcones aighbmnsidered as anticancer agents because
they demonstrate variety of properties such afhaaterial, antitumor and anti-inflammatory.
Chemically, they consist of two aromatic rings garby a three carban p- unsaturated

carbonyl system.

Figure 2. General structure and numbering of a chalcone.

2.2.1 Synthesis of chalcone€halcones can be derived both naturally and syicHikt
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2.2.1.1 Natural biosynthesis of chalcones. Chalcones participate in the biosynthetic
pathways of flavonoids. Naturally, they are prodlas a plant’s secondary metabolism
mechanism to aid in the growth and developmentpéat. Secondary metabolisms play a key
role in keeping all of the plants’ system workingperly by severing as defense mechanisms. In
a stepwise addition of L-phenylalanine, an amind,aas the starting compound for the
flavonoid skeleton is formed (Scheme 1). In thect®n ammonia is removed to form a trans-
cinnamate that is converted tp-@oumarate. Thp-coumarate then undergoes ligation with
CoA-SH to form 4-coumaroyl-CoA (Yadav et al., 201#)0om there 4-coumaroyl-CoA can go
through a naringenin-chalcone synthase and forariagenin-chalcone. This chalcone can be
extracted from an apple tree leaf.
QEZET&O. Phenyialanine ©/\/coo- mono oxygenase HO/©/\/COO_

H . p-coumarate
L-phenylalanin trans-cinnamate

4-coumarate

CoA ligase
(@) (@) (@]
A Naringenin-chalcone A
synthase CoA-S
CoA-S
HO o HO
o 4-coumaroyl-CoA

CoA-SH v/l
OH O
HO OH OH

Naringenin chalcone
Scheme 1. Natural synthesis of chalcones.
2.2.1.2 Synthetic biosynthesis of chalcones. Synthetic chalcones are less complicated to

form than a naturally occurring chalcone. The keforming a chalcone is the formation of the

enone functional group. An aldol condensation ig@anic reaction involving an enol reacting
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with a carbonyl compound to formBahydroxyketone, followed by a dehydration to give a
conjugated enone. The more common way to form kaha is the Clasien-Schmidt
condensation. This reaction is an aldol condensdt@ween a benzaldehyde and an

acetophenone in the presents of a base in a pilears (Scheme 2).

O O b O
ase
o O T

Scheme 2. Claisen-Schmidt condensation of a chalcone.

Recently different reactions have been used to fdraicones (Scheme 3). Scheme 3,
reaction | is the Suzuki coupling between cinnanubybride and phenylboronic acid has been
reported but formed chalcones in yields rangingf&8%- 93% (Eddarir, Cotelle, Bakkour, &
Rolando, 2003). Another approach was the Heck aogig6cheme 3, reaction Il) with an aryl
halide with styrenes in the presence of carbon midleowith yields ranging from 24%-65%
(Reichwald, Shimony, Sacerdoti-Sierra, Jaffe, & Kkn2008). Between both these reactions

the more promising yields came from the Suzuki tiagp

©\ OH + Pd/base
B/ >

Cl O
|
OH Toluene

° O
I Pd/ligand
I + ~ + CO >
: DMF

Scheme 3. Suzuki cross-coupling and Heck reaction formatiba chalcone.

2.2.2 Application of chalcones.
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2.2.2.1 Antibacterial. Chalcones have a broad spectrum of antibacteti@itses, and
their diverse applications have become populaneémiedical field. The equilibrium between the
open chalcone structures allows a variety of stigin on their rings which results in different
effects (Avila, Sméania, Monache, & Smania Juni®)&). Licochalcone is a chalcone obtained
from theglycyrrhiza glabra, a root in whicHicorice flavor comes from, has shown the ability
disrupt the cell membrane (Sivakumar et al., 2012)is is useful in the medical field where
they use chalcones to coat medical devices to ptekie colonization of bacteria.

2.2.2.2 Anti-inflammatory. Inflammation associated with cancer has been lin&ete
excess production of nitric oxide, a free radicqalquced by the body. This nitric oxide has the
potential to destroy normal tissue during acute @mdnic inflammation (Honda et al., 2000).
This is can also be correlated to the processrofraagenesis (Honda et al., 2000).
Broussochalcone is a natural chalcone isolated theivioraceae, a plant from the fig family.
This chalcone exerted potent antioxidant activitgl anhibited the inducible nitric oxide synthase
(INOS) expression in macrophages (Won et al., 20D&is inhibition of nitric oxide production
demonstrates how chalcones are potential antiamflatory and cancer chemopreventive drugs.

2.2.2.3 Antitumor. Invasion is the trademark of malignant tumors asuhlly leads to the
major cause of death in cancer patients (Mukhexjex., 2001). If a cell is allowed to replicate
itself, its end result is the formation of a tumGhalcones contain an enone in its structure which
have been shown to reduce tubulin assembly (Johetsaln 2007). Tubulins are composed of
microtubules which is a key component of the cy&tesion of protein. Chalcones bind to the
tublin and prevent it from polymerizing into micobules (Bandgar, Gawande, Bodade, Totre, &

Khobragade, 2010). When the cytoskeleton of aiselestroyed it results in cell death. The
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obstruction of the microtubule system for the ey&#c cells can be considered an important
target for the development of antitumor agents @enal., 2010).

2.2.3 Chalcones as a chemopreventivarcinogenesis is a complex and a multistage
process in which a normal cell is transformed mtancer cell. The human body is naturally
equipped with mechanisms to stop a transformedroel continuing in the cell cycle by
utilizing the check points within the cycle and tomsuppressor genes. Chemopreventives are
synthetic drugs, whose structures are similar togamunds found in nature, and improve or
facilitate those processes the body uses to ingecarcinogenesis. The goal as a
chemopreventive is to protect cells from carcin@gen

There are nine classes of chemopreventive drugsxiflizable diphenols and quinines,
(if) Michael reations acceptors (olefins or acetylasmgugated to electron withdrawing groups),
(iii) isothiocyanatesj\) hydroperoxides M) trivalent arsenic derivativesyij divalent heavy
metal cations (Hg and Cd"), (vii) vicinal dithiols, ¢ii) 1,2-dithiole-3-thiones, andbj
carotenoids and other conjugated polymers. Thesgaonds induce phase Il enzymes that
detoxify electrophiles and serve as an indiredbardant. Phase 2 drug-metabolizing enzymes,
glutathioneStransferases (GST) have the ability to conjugdtgaEhione (GSH) and thereby
detoxify cellular environments (A. T. Dinkova-Kosty Massiah, Bozak, Hicks, & Talalay,
2001). Glutathion is tripeptides produced naturadlpumans, and with respect to cancer GSH
metabolism is ablet to play both protective andhpgénic roles (Balendiran, Dabur, & Fraser,
2004). Michael acceptors, cinnamates, chalconesnadns and curcuminods, have some type
of relationship between their conjugated benzylelketone structure that raises GSH levels in

cells (A. T. Dinkova-Kostova et al., 2001).
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Chalcones have been linked to inducing phase Nraez (Albena T. Dinkova-Kostova,
Abeygunawardana, & Talalay, 1998). These enzymagage protection against toxic chemical
species. Studies have shown that an elevationadeph enzymes show a relationship with
protecting a cell against chemical-induced caroemesis (Bandgar et al., 2010). An approach
for protecting a cell is decreasing the metabaizyenes response for generating reactive
species, while increasing phase Il enzymes thatleantivate radicals (Bandgar et al., 2010).
For these reasons, cancer chemopreventives hasembemn attractive topic for the
pharmaceutical industry.

Other studies have also shown that chalcones heese dffective in activating p53, a
tumor suppressor gene, resulting in apoptosis (Aehaodzelewska, Feng, Khan, & Huang,
2006). Many tumors are formed when tumor supprgss® becomes inactive, either by
mutation or by binding to oncoproteins. OncoprotdidM2 inhibits tumor suppressor protein
p53, by binding to its transactivation domain. WiMIDM2 is over expressed it disables a
genome checkpoint and allows the cell cycle to gerealefective cells. Chalcones inhibit
MDMZ2 in which releases p53 (Stoll et al., 2001).

2.3 Boron

2.3.1 Origins.Boron is a non-metallic element, which can be foabdndantly in nature
only when paired with sodium or carbon. Boron guieed for normal growth and health of the
body, making it essential for life. American adutbnsume more boron than any other essential
trace elements such as copper or magnesium (Hoib2) 2Small amount of boron compounds
play a strengthening role in cell walls of plarithis element is present in nuts, fresh fruits, gree
vegetables as well as a main ingredient in musthains. Boron is also used in cosmetic products

as a preservative and pH adjuster ("Part 3 Traemé&hts 3 164 General information Chemistry
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Boron is a," 2010). Boron containing compounds Hawad a common use in synthetic organic
chemistry in addition to applications in the bionoadifield as a treatment for HIV, obesity,
diabetes and cancer (Cambre & Sumerlin, 2011).

2.3.2 Biological functions.Traces of boron can be located throughout the hurodg,
the main source being the consumption of plantaimdiet. Boron is present in human plasma
(0.017-0.193ug/mL) and in the liver (1.1-5.4g/g) (Hunt, 2012). In the human body, boron is
used to support biological functions such as inglgicialcium and insulin metabolism as well as
bone growth. It is believed that boron improveshbenan body natural ability to absorb calcium
and magnesium. Diets depleted in boron have bemnrsto affect both the immune and nervous
systems (Cui et al., 2004). Many disease conditismsh as arthritis, osteoporosis, and
menopausal symptoms, are managed by boron. Bsmsa known to alter human steroid
hormone levels, mainly testosterone and estrogandiCal., 2004). Evidence from animal
experiments suggests that boron is essential dthiangapid cell replication during the
fertilization cycles.
2.4 Boronic Acid

Boronic Acid is a Lewis acid belonging to the largkass of organoboranes (Figure 3).
This compound is stable and is easily handle whiakes them an attractive class of synthetic
intermediatesBoronic Acids, 2005). Chemically, they consist of trivalent boetom bonded to
one alkyl/aryl substituent and two hydroxyl grouBsB(OH),. Their emptyp-orbital on Boron
allows the interconversion frosp® to sp> hybridization in the presences of a Lewis Base s€éhe
compounds are unique and versatile which allowshtteebe used for the formation of C-C
bonds, asymmetric synthesis, molecular sensinggapleatic agents and enzyme inhibitors

(Cambre & Sumerlin, 2011). Boronic acid is low axicity and degradation into
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environmentally friendly boric acid allows it to bensidered a “green” compound. There are a

variety of Boronic acids but arylboronic acids reémie most acknowledged class of boronic

acids.
R_B,OR'
/R“ _OH _OH \ORI
—BZ R—B< R—B<
RB R! R OH
Boronic Ester
Borane Borinic Acid Boronic Acid

(R'= alkyl or aryl)
Figure 3. Oxygenated organoboron compounds.

2.4.1 Synthesis of boronic acidBoronic acids are widely used in organic chemiagy
building blocks or intermediates. These compoumdsat naturally occurring but are
commercially available. They can also be synthekiheough several different methods. The
most familiar way is through organometallic compdsibbased on lithium or magnesium
grignard with a borate ester (Scheme 4, ReactioAmhother method is a transmetallation
reaction involving a trialkylsiyl derivative withlaoron halide (Scheme 4, Reaction Il). Boronic
acids are also popular cross-coupling intermediateatural products synthesized in medicinal
chemistry. An example is the Suzuki-Miyaura crogsgling reaction for synthesis of dienes and
other unsaturated units present in many naturalymts (Scheme 4, Reaction 1ll). Presently, this
method is used in the pharmaceutical industryHersynthesis of PS-341, a new cancer therapy
in Phase | clinical evaluation for advanced campeagients as an enzyme inhibitor (Yang, Gao, &
Wang, 2003).

2.4.2 Boronic acid as a chemopreventivB8oronic acid derivatives are of interest in
drug development because of their diverse chaiattsrtowards cancers. These compounds are

known to have a role in the controlling of norma#lammatory response, as it relates to the
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production of various cell signaling (Hunt, 2012he “potential mode of action” is through the

synthesis or activation of metabolites that regutabwth (Cui et al., 2004).

KNVs
X i. RM R/—
\_/ N B(OR'),

N ii. B(OR)s \_ 7/ &30:

= Br,

1.
R./— R/— R./—
N _BBrg } )—BBr Hs0* } )—B(OH),

1.
(R'0),B-B(OR'), HaO
R@x or HB(OR)), R B(OR'), %

N\ //
Pd°, base

X=Br, |, OTf

Scheme 4. Common methods for the synthesis of arylborawids.

Boronic acid was also identified as a potentialbitbr of human cancer in cell
proliferation and angiogenesis (Kong et al., 2010}her characteristic boronic acids have is
their ability to affect the cell pH level (CambreSumerlin, 2011). When added on a phenyl
ring, it allows the pKa to be tuned so that boraga containing polymers can be employed in a
physiologically relevant pH range (Cambre & Sunmer011). It is the presence of the
hydroxyl groups that gives a compound its hydrapityl (A. T. Dinkova-Kostova et al., 2001).
Cancer cells have a pH between 6.0-7.0, beinga&dic, while Boronic acid derivatives have a
moderate pH of 9.0-10.0 and while maintaining &baity (Kong et al., 2010). Antibiotics
containing Boron inhibit DNA, RNA & protein synthesand or disrupt membrane permeability.
There are several potential Boronic acid bindingssinvolved in prostate cancer (Cui et al.,
2004). The drug Bortezontfitis a compound containing a Boronic acid group wiichsed in

chemotherapy. This drug was the first proteasorhiitor, a drug that blocks the breakdown of
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proteins, approved by the U.S. Food & Drug Admpnaigson in May of 2003 to treat myeloma,

with no toxicity issues.



19

CHAPTER 3
Experimental

3.1 General Procedure

All chemicals were reagent grade from Acros Orgaimcorporated and used as
purchased. The moisture sensitive reactions weferpged under an inert atmosphere of dry
nitrogen with dried solvents. 4-hydroxybenzaldehwae converted into 4-alkoxybenzaldehyde
via Williamson Ether synthesis. The Claisen-Schroahdensation was then utilized to convert
4-alkozybenzaldehyde into both the methoxychalcasesell as the boronic acid chalcones.
Each compound prepared was then characterizéd bpd'*C NMR spectra were recorded on a
VANCE Il at 400 and 100 MHz. The coupling constéitare reported in Hz. Melting point
ranges were ran on MEL TEMP and recorded in de@edsius .
3.2 Synthesis of 4-alkoxybenzaldehydes (1a-8a)

4-Hydroxybexnzaldehyde (50 mmol, 6.106 g) and gsitan carbonate, &0s (50
mmol, 6.91 g) were added to 2-butanone (75 mL)28@&mL round bottom flask. The reaction
mixture was heated to 60-65 °C for 30 minutespfeld by the addition of 1-bromoalkane
(CsH;Br to G2H2sBr, 50 mmol) was added drop wise and the reactiotune was heated to
reflux for 18 hours. The solvent was evaporateceumneduced pressure on a rotary evaporator,
then separated with diethyl ether (125 mL). Unredatarting materials were washed with
distilled water and 10% sodium hydroxide, NaOH.etlayer was dried over magnesium
sulfate, MgSQ, then evaporated and distilled to give 4-alkoxyadtehydeda-8a All resulting

compounds were either pale yellow or yellow liguidgt some resulted in solids.
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K,CO;
—_—
MEK

OH OR
Scheme 5. Williamson Ether synthesis of 4-alkoxybenzaldedyd
3.2.1 4-(pentyloxy)benzaldehyde (1ad-hydroxybenzaldehyde (6.121 g, 50 mmol) and
1-bromopentane (7.592 g, 50 mmol) were reactedrdpto the general procedure. A pale
yellow liquid was obtained with a yield of 69% (8%g).'H NMR (301 MHz, Chlorofornd) &
9.86 (d,J = 3.1 Hz, 1H), 8.13 — 7.50 (m, 2H), 7.14 — 6.6 @), 4.02 (tJ = 6.4 Hz, 2H), 1.81

(q,J=7.5, 6.5 Hz, 2H), 1.69 — 1.16 (m, 4H), 1.13640(m, 3H).

3.2.2 4-(hexyloxy)benzaldehyde (2a3-hydroxybenzaldehyde (6.127 g, 50 mmol) and
1-bromohexane (8.294 g, 50 mmol) were reacted doupto the general procedure. A yellow
liquid was collected with a yield of 68% (6.976 4} NMR (301 MHz, Chlorofornd) 5 9.87
(d,J = 3.6 Hz, 1H), 8.17 — 7.57 (m, 2H), 7.19 — 6.61 @), 4.03 (q,J = 6.5, 5.4 Hz, 2H), 1.79
(dd,J = 13.5, 7.0 Hz, 2H), 1.39 (d,= 45.2 Hz, 9H), 1.16 — 0.71 (m, 4H).

3.2.3 4-(heptyloxy)benzaldehyde (3ad-hydroxybenzaldehyde (6.111 g, 50 mmol) and
1-bromoheptane (8.968 g, 50 mmol) were reactedrdcpto the general procedure. A yellow
liquid/solid matter was obtained with a yield 61% (6.791 g)*H NMR (301 MHz,
Chloroformd) 5 10.16 — 9.67 (m, 1H), 8.15 — 7.72 (m, 2H), 7.48185 (m, 2H), 4.02 (dd} =
7.5, 5.8 Hz, 2H), 1.80 (dd,= 14.1, 6.9, 6.4 Hz, 2H), 1.56 — 1.06 (m, 11HYGl- 0.75 (m, 3H).

3.2.4 4-(octyloxy)benzaldehyde (4a-hydroxybenzaldehyde (6.104 g, 50 mmol) and 1-
bromooctane (9.716g, 50 mmol) were reacted acogtdithe general procedure. An orange

liquid was observed with a yield of 30% (3.492'%).NMR (301 MHz, Chlorofornd) § 9.87 (s,
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1H), 7.82 (dJ = 7.9 Hz, 2H), 7.28 — 6.52 (m, 2H), 4.03t 6.2 Hz, 2H), 3.39 (t] = 6.6 Hz,
OH), 1.81 (hJ = 6.6 Hz, 2H), 1.69 — 1.08 (m, 15H), 1.08 — 0.5 §H).

3.2.5 4-(nonyloxy)benzaldehyde (5a3-hydroxybenzaldehyde (6.913 g, 50 mmol) and
1-bromononane (10.377 g, 50 mmol) were reactedrditapto the general procedure. A yellow
solid was gathered with a yield of 28% (3.528'8) NMR (301 MHz, Chlorofornd) § 9.86 (s,
1H), 7.81 (dJ = 8.5 Hz, 1H), 6.97 (d] = 8.5 Hz, 2H), 4.02 (] = 6.6 Hz, 2H), 1.78 (4] = 6.9
Hz, 2H), 1.58 — 1.13 (m, 8H), 0.87 Jt= 6.5 Hz, 2H).

3.2.6 4-(decyloxy)benzaldehyde (6a3-hydroxybenzaldehyde (6.177 g, 50 mmol) and
1-bromodecane (11.079 g, 50 mmol) were reactedrdicepto the general procedure. A yellow
solid/liquid matter was observed with a yield 0#616.707 g)*H NMR (301 MHz,
Chloroform4) 6 9.86 (d,J = 1.8 Hz, 1H), 8.06 — 7.66 (m, 1H), 7.17 — 6.58 2id), 4.28 — 3.57
(m, 2H), 1.80 (t) = 7.1 Hz, 1H), 1.56 — 1.08 (m, 8H), 1.02 — 0.64 2H).

3.2.7 4-(undecyloxy)benzaldehyde (7a)- hydroxybenzaldehyde (6.176 g, 50 mmol)
and 1-bromoundecane (11.776 g, 50 mmol) were réacteording to the general procedure. A
yellow solid with a yield of 52% (7.250 g) was @aited.*H NMR (301 MHz, Chlorofornd) &
9.87 (d,J = 3.1 Hz, 1H), 8.06 — 7.59 (m, 2H), 6.98 Jc&; 8.2 Hz, 2H), 4.46 — 3.72 (m, 2H), 2.16
—1.73 (m, 1H), 1.73 = 1.04 (m, 11H), 1.08 — 0] 3H).

3.2.8 4-(dodecyloxy)benzaldehyde (8&)-hydroxybenzaldehyde (6.109 g, 50 mmol)
and 1-bromododecane (12.482 g, 50 mmol) were réacteording to the general procedure. A
pale yellow solid was collected with a yield of 679781 g)H NMR (301 MHz, Chloroform-
d) 5 9.87 (d,J = 3.1 Hz, 1H), 8.06 — 7.59 (m, 2H), 6.98 J& 8.2 Hz, 2H), 4.46 — 3.72 (m, 2H),
1.80 (p,J = 6.7 Hz, 1H), 1.73 — 1.04 (m, 11H), 1.08 — 0.41. 8H).

3.3 Synthesis of 4-alkoxymethoxychalcones (1b-8b)
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In a 100 mL round bottom 4-methoxyacetophenonedleqolar equivalence) was
dissolved in ethanol (20 mL). 10% NaOH (5 equivanvas added and the reaction mixture
was stirred for 30 minutes at room temperaturentdalkoxybenzaldehydka-8a(1.000 g) was
added to the reaction mixture that was furtheresdifor 18 hours until pale yellow precipitates
appeared. Crushed ice (35 mL) was added to the s@ss and the reaction was neutralized with
dilute HCI. The product&b-8b was obtained as yellow solids, which were filteaad

recrystallized from ethanol.

o) o) 0
NaOH
CHy + H — Z
EtOH
HsC HsC
o OR o OR

Scheme 6. Claisen-Schmidt condensation of 4-alkoxymethosjyobne.

3.3.1 (E)-1-(4-methoxyphenyl)-3-(4-(pentyloxy)phes)prop-2-en-1-one (1b). 4-
methoxyacetophenone (1.009 g, 5.2 mmol) and 4-ypeat)benzaldehyde (0.788 g, 5.2 mmol)
were reacted according to the general proceduiéwsolids were obtained with a yield of
68% (1.146 g). m.p. 94-99 °@4 NMR (301 MHz, Chlorofornd) § 8.04 (d,J = 8.2 Hz, 1H),
7.79 (d,J = 15.5 Hz, OH), 7.60 (d} = 8.4 Hz, 1H), 7.44 (d] = 18.6 Hz, 1H), 6.96 (dd,= 17.4,
8.2 Hz, 2H), 4.44 — 3.46 (m, 3H), 2.51 {¢& 5.6 Hz, OH), 1.81 (s, 2H), 1.46 (= 14.8 Hz,
3H), 0.96 (qJ = 7.0, 6.1 Hz, 3H).

3.3.2 (E)-1-(4-(hexyloxy)phenyl)-1-(4-methoxyphemyprop-2-en-1-one (2b) 4-
methoxyacetophenone (1.002 g, 4.85 mmol) and 4y{bey)benzaldehyde (0.731 g, 4.85
mmol) were reacted according to the general praeedRale yellow solids were collected with a
yield of 81% (1.334 g). m.p. 93-99 °&4 NMR (400 MHz, Chlorofornd) § 8.08 — 7.99 (m,

2H), 7.77 (dJ = 15.5 Hz, 1H), 7.64 — 7.55 (m, 2H), 7.50 — 7.46 {H), 7.42 (dJ = 15.6 Hz,
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1H), 7.00 — 6.96 (m, 2H), 6.94 — 6.89 (m, 2H), 389 = 6.5 Hz, 3H), 3.93 — 3.82 (M, 3H),

1.88 — 1.69 (m, 3H), 1.46 (tdd= 9.5, 5.0, 2.9 Hz, 3H), 1.41 — 1.27 (m, 5H), 0(@0 = 6.6 Hz,
2H), 0.91 (ddt,J) = 7.3, 5.1, 2.1 Hz, 4H}3C NMR (101 MHz, CDGJ) § 200.33, 188.75, 163.21,
161.13, 143.90, 142.26, 131.39, 130.66, 130.07.922927.55, 126.97, 124.30, 119.35, 114.87,

113.74, 68.16, 55.46, 49.84, 31.54, 29.12, 25.6.6& 25.35, 22.72, 22.58, 14.01.

3.3.3 (E)- 3-(4-(heptyloxy)phenyl)-1-(4-methoxyphem)prop-2-en-1-one (3b) 4-
methoxyacetophenone (0.686 g, 4.54 mmol) and 4t¢loqy)benzaldehyde (1.011 g, 4.54
mmol) were reacted according to the general praeedRale yellow solids were gathered with a
yield of 70% (1.116 g). m.p. 85-9€; *H NMR (400 MHz, Chlorofornd) & 8.06 — 7.99 (m,
2H), 7.81 — 7.73 (m, 1H), 7.60 — 7.53 (m, 2H), 7(d2) = 15.6 Hz, 1H), 7.00 — 6.94 (m, 2H),
6.94 — 6.88 (m, 2H), 4.07 — 3.93 (m, 3H), 3.873(), 1.91 — 1.70 (m, 4H), 1.44 (dddbs 9.2,
5.9, 4.5, 2.9 Hz, 3H), 1.39 — 1.22 (m, 9H), 0.9281 (m, 4H):*C NMR (101 MHz, CDGJ) &
188.52, 163.02, 160.94, 143.71, 131.18, 129.88,7/82927.33, 119.13, 114.66, 113.55, 67.96,
55.25, 49.64, 31.56, 28.97, 28.84, 25.77, 25.15322.40, 13.89.

3.3.4 (E)-1-(4-methoxyphenyl)-3-(4-(octyloxy)phemyprop-2-en-1-one (4b) 4-
methoxyacetophenone (0.672 g, 4.27 mmol) and 4A(ot)benzaldehyde (1.006 g, 4.27 mmol)
were reacted according to the general proceduigeBelids; yield 58% (0.914 g); m.p. 94-96
°C;'H NMR (400 MHz, Chlorofornd) & 8.08 — 7.99 (m, 1H), 7.77 (d= 15.5 Hz, 1H), 7.63 —
7.55 (m, 1H), 7.47 — 7.37 (m, 1H), 7.02 — 6.94 {ir), 6.94 — 6.88 (m, 1H), 3.99 (t= 6.5 Hz,
1H), 3.88 (s, 2H), 1.89 — 1.69 (m, 1H), 1.53 — 1(#0 1H), 1.40 — 1.19 (m, 5H), 0.94 — 0.80 (m,
2H).°C NMR (101 MHz, cda)) 5 188.59, 163.05, 160.96, 143.74, 142.11, 131.22,503
129.91, 129.76, 127.38, 126.80, 124.13, 119.18,6P1413.58, 68.01, 55.29, 49.67, 31.63,

29.16, 28.99, 25.83, 22.56, 13.93.
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3.3.5 (E)-1-(4-methoxyphenyl)-3-(4-(nonyloxy)phenyprop-2-en-1-one (5b)4-
methoxyacetophone (0.607 g, 4.03 mmol) and 4-(raxyybenzaldehyde (1.000 g, 4.03 mmol)
were reacted according to the general proceduigeBelid were collected with a yield of 68%
(1.048 g). m.p. 105-106°CH NMR (400 MHz, Methanotl,) § 8.01 (d,J = 7.7 Hz, 1H), 7.79 —
7.71 (m, 1H), 7.70 — 7.65 (m, 1H), 7.60 Jd 9.6 Hz, 1H), 7.58 — 7.52 (m, 2H), 7.01 — 6.87 (M
2H), 6.68 (dJ = 16.1 Hz, 1H), 3.99 (df = 8.2, 6.4 Hz, 2H), 1.82 — 1.68 (m, 2H), 1.50 371.
(m, 3H), 1.39 — 1.22 (m, 11H), 0.91 — 0.84 (m, 3#Q).NMR (101 MHz, CDGJ) § 188.59,
163.04, 160.96, 143.75, 131.20, 130.50, 129.923627119.14, 114.68, 113.58, 68.00, 55.30,
31.70, 29.35, 29.21, 29.09, 28.99, 25.83, 22.5@51.3

3.3.6 (E)- 3-(4-(decyloxy)phenyl)-1-(4-methoxyphefRyprop-2-en-1-one (6b)4-
methoxyacetophenone (0.575 g, 3.81 mmol) and 4yloeg)benzaldehyde (1.060 g, 3.81
mmol) were reacted according to the general praeedeige solid were collected with a yield
of 91% (1.361 g). m.p. 82-97 °& NMR (400 MHz, Chlorofornd) § 7.77 (d,J = 15.6 Hz,
1H), 7.62 — 7.55 (m, 2H), 7.50 — 7.46 (m, 1H), 7(d2) = 15.6 Hz, 1H), 7.02 — 6.94 (m, 2H),
6.94 — 6.89 (m, 2H), 3.98 (4,= 6.5 Hz, 3H), 3.88 (s, 3H), 2.50 @= 7.0 Hz, 1H), 1.88 — 1.71
(m, 3H), 1.52 — 1.18 (m, 18H), 0.93 — 0.80 (m, 4% NMR (101 MHz, CDGJ) § 188.60,
163.04, 160.96, 143.76, 142.13, 131.20, 130.50,922929.76, 127.36, 126.78, 124.11, 119.15,
114.69, 113.58, 68.00, 55.30, 49.67, 31.72, 229044, 28.99, 25.82, 25.19, 22.51, 13.95.

3.3.7 (E)-1-(4-methoxyphenyl)-3-(4-(undecyloxy)phgt)prop-2-en-1-one (7b) 4-
methoxyacetophenone (0.549 g, 3.62 mmol) and 4eayldxy)benzaldehyde (1.006 g, 3.62
mmol) were reacted according to the general praeedMhite solid with a yield 76% (1.121 g)
were collected. m.p. 95-102 °@&4 NMR (400 MHz, Chlorofornd) § 8.06 — 7.99 (m, 1H), 7.77

(d,J = 15.6 Hz, OH), 7.63 — 7.54 (m, 1H), 7.424d&; 15.6 Hz, OH), 7.02 — 6.95 (m, 1H), 6.94 —
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6.89 (m, 1H), 3.98 (q] = 6.6 Hz, 1H), 3.88 (s, 1H), 2.50 @@= 7.0 Hz, 1H), 1.87 — 1.68 (m,

1H), 1.53 — 1.09 (m, 10H), 0.92 — 0.78 (m, 2BE NMR (101 MHz, CDG)) 5 188.76, 163.21,
161.13, 143.91, 142.28, 131.38, 130.67, 130.08,922927.54, 126.96, 124.29, 119.34, 114.87,
113.75, 68.17, 55.46, 49.84, 31.90, 29.60, 29.94% 25.99, 25.36, 22.68, 14.11.

3.3.8 (E)-3-(4-(dodecyloxy)phenyl)-1-(4-methoxyphehprop-2-en-1-one (8b) 4-
methoxyacetophenone (0.523 g, 3.44 mmol) and 4e@ddxy)benzaldehyde (1.007 g, 3.44
mmol) were reacted according to the general praeedhite solids were collected with a yield
of 70% (1.017 g). m.p. 94-102 °&4 NMR (400 MHz, Chlorofornd) & 8.06 — 8.00 (m, 1H),

7.77 (dJ = 15.6 Hz, 1H), 7.61 — 7.55 (m, 1H), 7.42 J& 15.6 Hz, 1H), 7.00 — 6.94 (m, 1H),
6.94 — 6.88 (m, 1H), 4.07 — 3.92 (m, 2H), 3.88), 1.85 — 1.66 (m, 2H), 1.52 — 1.40 (m, 2H),
1.40 — 1.21 (m, 14H), 0.92 — 0.79 (m, 3HC NMR (101 MHz, CDGJ) 5 190.58, 188.54,

163.03, 160.95, 143.72, 142.08, 131.21, 130.48,882929.74, 127.36, 124.11, 119.15, 114.68,
113.57, 67.99, 55.27, 49.66, 31.73, 29.47, 29.911P 28.98, 28.86, 25.82, 25.17, 22.55, 13.94.
3.4 Synthesis of 4-alkoxyboronic acid chalcones (8c)

In a 100 mL round bottom 4-acetylphenylboronic deigual molar equivalence) was
dissolved in ethanol (20 mL). 10% NaOH (5 equiva®nvas added and the reaction mixture
was stirred for 30 minutes at room temperaturentdalkoxybenzaldehydka-8a(1.000 g) was
added to the reaction mixture that was furtheresdifor 18 hours until pale yellow precipitates
appeared. Crushed ice (35 mL) was added to the s@ss and the reaction was neutralized with
dilute HCI. The product&c-8cwas obtained as yellow solids, which were filteaed

recrystallized from ethanol.
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NaOH =
CHy, + H —
EtOH
HO HO.
~ OR g OR

Scheme 7. Claisen-Schmidt condensation of 4-alkoxyboromid &halcones.

oO—w

3.4.1 4-((E)-3-(4-(pentyloxy)phenyl)acryloyl)phenfporonic acid (1c).4-
acetylphenylboronic acid (0.853 g, 5.20 mmol) an@eéntyloxy)benzaldehyde (1.016 g, 5.20
mmol) were reacted according to the general praeedu

3.4.2 4-((E)-3-(4-(hexyloxy)phenyl)acryloyl)phenyloronic acid (2c).4-
acetylphenylboronic acid (0.797 g, 4.85 mmol) antexyloxy)benzaldehyde (1.005 g, 4.85
mmol) were reacted according to the general praeed(ellow solids with a yield 64% (1.46 Q)
were collected. m.p. 184-195 °GH NMR (400 MHz, Methanotl;) § 8.04 — 7.96 (m, 1H), 7.90
(d,J=7.7 Hz, OH), 7.75 (dl = 15.6 Hz, 1H), 7.69 — 7.64 (m, 1H), 7.60Jd; 5.6 Hz, OH), 7.57
—7.52 (m, 1H), 6.99 — 6.89 (m, 1H), 6.69Jc; 16.1 Hz, OH), 3.99 (dl = 6.6 Hz, 1H), 1.76
(dtt, J=7.9, 6.4, 5.2 Hz, 2H), 1.54 — 1.42 (m, 2H), 1-42.27 (m, 3H).

3.4.3 4- ((E)-3-(4-heptyloxy)phenyl)acryloyl)phengboronic acid (3c).4-
acetylphenylboronic acid (0.755g, 4.54 mmol) anh&ptyloxy)benzaldehyde (1.007 g, 4.54
mmol) were reacted according to the general prased(ellow solids with a yield of 88%
(1.460 g) was collected. m.p. 121-186 *B;NMR (400 MHz, Methanob,) & 7.93 (dJ=7.6
Hz, 1H), 7.84 (dJ = 8.8 Hz, OH), 7.73 (dl = 15.5 Hz, 1H), 7.70 — 7.65 (m, 1H), 7.65 (s, OH),
7.60 (d,J = 3.5 Hz, OH), 7.59 — 7.54 (m, 1H), 4.06)& 6.4 Hz, OH), 4.00 (dt] = 7.7, 6.4 Hz,
2H), 3.89 (s, OH), 2.25 — 2.03 (m, 1H), 1.77 (ddbid,12.7, 8.4, 6.5, 3.3 Hz, 3H), 1.56 — 1.41

(m, 2H), 1.41 — 1.21 (m, 6H), 1.03 — 0.75 (m, 6#€).NMR (101 MHz, CBOD) 5 201.77,
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191.41, 161.42, 143.31, 133.20, 131.70, 130.10,922927.43, 126.84, 126.52, 123.55, 119.38,
114.55, 31.57, 28.91, 28.79, 25.69, 22.27, 21.3®2

3.4.4 4-((E)-3-(4-(octyloxy)phenyl)acryloyl)phenydoronic acid (4c).4-
acetylphenylboronic acid (0.710 g, 4.27 mmol) ardetyloxy)benzaldehyde (0.998 g, 4.27
mmol) were reacted according to the general praeedeige solid; yield 58% (0.938 g)

3.4.5 4-(E))-3-(4-(nonyloxy)phenyl)acryloyl)phenydoronic acid (5c¢).4-
acetylphenylboronic acid (0.667 g, 4.03 mmol) arda@nyloxy)benzaldehyde (1.001 g, 4.03
mmol) were reacted according to the general praeedRale yellow solids were collected with a
yield of 67% (1.069 g). m.p. 103-164 °&& NMR (400 MHz, Methanot) 5 8.01 (dJ = 7.7
Hz, 1H), 7.79 — 7.71 (m, 1H), 7.70 — 7.65 (m, 1HEO (d,J = 9.6 Hz, 1H), 7.58 — 7.52 (m, 2H),
7.01 — 6.87 (m, 2H), 6.68 (d,= 16.1 Hz, 1H), 3.99 (df = 8.2, 6.4 Hz, 2H), 1.82 — 1.68 (m,
2H), 1.50 — 1.37 (m, 3H), 1.39 — 1.22 (m, 11H),10:90.84 (m, 3H)"*C NMR (101 MHz,
CDs;0OD) 6 203.63, 163.49, 163.31, 146.99, 145.16, 133.22,183 131.77, 129.10, 128.89,
128.71, 125.41, 116.44, 116.39, 69.61, 31.12, 3@OB5, 30.73, 27.57, 27.04, 24.17, 23.40,
14.88.

3.4.6 4-((E)-3-(4-decyloxy)phenyl)acryloyl)phenylronic acid (6c).4-
acetylphenylboronic acid (0.629 g, 3.81 mmol) ardeécyloxy)benzaldehyde (1.019 g, 3.81
mmol) were reacted according to the general praeed(ellow solids were collected with a
yield of 84% (1.303 g). m.p. 109-163 °C.

3.4.7 4-((E)-3-(4-undecyloxy)phenyl)acryloyl)pheriiporonic acid (7c).4-
acetylphenylboronic acid (0.599 g, 3.62 mmol) ardddecyloxy)benzaldehyde (1.018 g, 3.62
mmol) were reacted according to the general praeed(ellow solid were collected with a yield

of 82% (1.247 g). m.p. 65-143 °@4 NMR (400 MHz, Methanotl;) 5 8.00 (s, 1H), 7.84 (d} =
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8.8 Hz, 1H), 7.76 (d) = 15.5 Hz, 1H), 7.68 (d = 8.7 Hz, 1H), 7.61 (d] = 8.5 Hz, 1H), 7.59 —
7.52 (m, 2H), 7.00 — 6.88 (m, 3H), 6.70 Jc& 16.1 Hz, 1H), 4.06 (s, OH), 4.02 — 3.92 (m, 3H),
2.55 (d,J = 7.0 Hz, 2H), 2.27 — 2.01 (m, 2H), 1.85 — 1.65 4iid), 1.53 — 1.18 (m, 24H), 0.96 (d,
J=6.7 Hz, 4H), 0.92 — 0.82 (m, 4H).

3.4.8 4-((E)-3-(4-dodecyloxy)phenyl)acryloyl)pherigoronic acid (8c).4-
acetylphenylboronic acid (0.564 g, 3.44 mmol) ar(dddecyloxy)benzaldehyde (1.012 g, 3.44
mmol) were reacted according to the general praeedRale yellow solids were gathered with a

yield of 75% (1.121 Q).



29

CHAPTER 4
Results and Discussion
4.1 Results and Discussion of Ether Synthesis
4.1.1 Yields of 4-alkoxybenzaldehyde&ynthetic yields including cLogP values

calculated from the 4-alkoxybenzaldehydes.

Table 1
Yields for 4-alkoxybenzal dehydes
Yield
S.No. Product cLogP (%)

O

la HJK@\ 3.89 69
oS

2a H)K@ 4.42 68
oI T S

3a H)K©\ 4.95 61
o TN

4a H)KCL 5.48 30
O/\/\/\/\

5a HJ\©\ 6.01 28
O/\/\/\/\/

6a HJ\©\ 6.54 51
o T I

7a HJ\©\ 7.07 52
O/\/\/\/\/\/

8a HJ\@\ 7.60 67
O/\/\/\/\/\/\

4.1.2 Discussion of solubilityThe partition coefficient (Log P) is a measurenudrd

compound’s solubility in a hydrophobic and hydrdigisolvent, usually octanol ant water. This
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value establishes a compound’s hydrophilicity avégan insight to how a drug will be
metabolized in the body. High Log P values indicatg a compound is hydrophobic “water
fearing” and is more likely to absorb/permeate tigtothe lipid bilayers. A low score for the
Log P value indicates that the drug is hydropHinater loving” and is more favored being that
the drug will metabolize through the blood serumthif the pharmaceutical industry an
acceptable cLog P values is anything below a 5.0.

In regards to the solubility of the benzaldehydles,solubility is completely dependent
on the ether chain attached to the ring. Beforesther chain was added onto 4-
hydroxybenzaldehye, its cLogP value was 1.44, ngpitia hydrophilic compound. As the chain
increased with carbons the value of cLogP incredsedthat reason we can assume the

additional carbons make the compounds more hydimpho

DMG31-distillation
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Figure 4. 'H NMR of 4-(nonyloxy)benzaldehyde
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4.1.3 Discussion otH NMR. The hydrocarbons on the ether chain, protons Eddjav
have a chemical shift found between 0-3 ppm. Pr&tana doublet at 3.41 ppm, protons F
shows a doublet of triplets at 1.83, proton G iisudtiplet at 1.33 and proton H is a multiplet at
0.88 ppm. The hydrogen closest to the oxygen apoaton D, had a chemical shift more
downfield at 4.03 ppm resulting in a triplet becao$ the deshielding from its neighboring
oxygen atom. Moving down the spectra towards thenatic ring, the hydrogen on the benzene
ring protons B shows a doublet at 7.82 ppm andopr@tis a multiplet at 6.99 ppm. The
aldehydic hydrogen, proton A, had the highest fezqy at 9.87 ppm as a doublet because of the

strong dipole moment from the carbonyl.

4.2 Results and Discussion of 4-alkoxymethoxychalwe Synthesis
4.2.1 Yields of 4-alkoxymethoxychalcone&ynthetic yields including cLogP values

calculated from the 4-alkoxymethoxychalcones. Refdfigure 2 for numbering sequence.

Table 2

Yields for 4-alkxoymethoxychal cones

B-ring A-ring .
Yield
S.No. Product cLogP
0 4 4 roduc (%) g
=
1b OCH; CsH1q O O 68 5.13
g o >
2b  OCHs CeH1s O = O 81 5.59
HC e U NN
(]
=
3b OCH; C/H1s O O 70 6.05
HCo o >
(o]

4b  OCHs CgH17 58  6.52
ey o >N
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50 OCHs CoHi1o O ~ O 68  6.98
e W e e e
(0]

6b OCHs CioHo O 7 O 91  7.45
R NN
(0]
7b OCHs CyiHos 76 7.91
ch\o -
8b OCHs CioHos 70 8.37

4.2.2 Discussion of solubilityln regards to the solubility of the methoxychalcaneis

assumed that the longer the ether chain the morpatar the compound is than the compounds
with the shorter chains. Confirming this statemesnhe cLogP value from Table 2. The
solubility value, when compared to its respecteazblehyde starting material shows an
increase in cLlogP value. This indicates that tremsapounds are more likely to metabolize
through the lipid bilayers and would not be considea target drug due to its high Log P values.

4.2.3 Discussion ofH and **C NMR. To confirm that the methoxychalcones were
synthesized we ran bothtd NMR as well as 8°C NMR to compare them to their
corresponding benzaldehyde starting material (cam@e 1a-8a). Figure 5 is the full spectrum
of the proton NMR for the nonane methoxychalconguie 6 the highlights the aliphatic region
of the compound while Figure 7 highlights the artimeegion. This compound was ran in
deuterated chloroform (CDg}land the solvent peaks appear at 7.25 ppm. Witigiraliphatic
proton G, the methoxy proton is a triplet with @ctical shift at 4.0 ppm. Proton H is the
methoxy proton attached to ring A is a singlet vétbhemical shift at 3.9 ppm. Both the
methoxy protons are slightly downfield than thatte methyl protons because of the

deshielding affect oxygen has on the nucleus. érether chain are multiplets consisting of
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protons |, K, J and L. Proton | is a €hroup at 1.80 ppm, proton K are €gfoups that are not
equivalent but will show the same chemical shift$.29 ppm. Proton J is another £gtoup at

1.45 and proton L is the last peak at 0.9.
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Figure 5. 'H NMR of (E)-1-(4-methoxyphenyl)-3-(4-(nonyloxy)pingd)prop-2-en-1-one.

PROTON_U1 FEET) 5 dEERR 25RHNSSRRINBRRRRNSSR5538888
N\ 9 bt R Aty pehs RateRrhefatetatebateiette it it [ 1000
L 1800
1700
L [ 1600
/] T
|- 1400
[ 1300
L 1200
[ 1100
HE K (m)
[BU | 1000
[5%] @] AW o5
[-s00
| 700
|
JLL ]
=
o 45 4o 35 3o 20 15 10 [ olo

Figure 6. 'H NMR aliphatic region of (E)-1-(4-methoxyphenyh-(nonlyoxy)phenyl)prop-2-
en-1-one.
In the aromatic region there are a series of dasibBoth benzene rings have two sets of

doublets that are difficult to label each protohsmical shift, but the vinyilic protons have
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doublets at 7.78 ppm (proton B) and 7.43 ppm (pr@p Normally vinyilic protons appear
between 4.6-5.7 ppm. To differentiate between trekp that coupled in the aromatic region, a
two-dimensional nuclear resonance spectroscopyNEIR) was perform, specifically a
correlation spectroscopy (COSY) (Figure 8). ProtArend C are located on benzene ring A,
proton C is a doublet at 7.59 ppm and proton Atleer doublet at 8.03 ppm. On the benzene

ring B are protons E and F, proton E is a doulilét28 ppm and F is another doublet at 6.92

ppm.
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Figure 7. *H NMR aromatic region of (E)-1-(4-methoxyphenyl®-(nonlyoxy)phenyl)prop-2-
en-1-one.

The'*C NMR allowed us to see how the chemical backboag avranged, and what
functional groups are represented. The differeakp@epresent the varying environments of the

carbons. Figure 9 is the representati@ NMR of the nonane methoxychalcone. It has tdtal 0

twenty five carbons in the chemical formula.
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Figure 8. 2D NMR COSY of (E-1-(4-methoxyphenyl)-3-(4nonyloxy)phenyl)pro-2-en-1-one.
Within the structurshould be eighte« different carbon environmentghich should be
indicated by eighteen peakStarting with the alkane chaihere are sevedifferent chemica
environments. There are tweethoxycarbors that are slightly down field around 55.2 ppm
68.2 ppm. The very last peak is thez group at, the ethof the chain in which shows up at
ppm.Three of the carbons within the chain have the samweéonment and show up arou29.3
ppm. The four carbons on the chain appear more fieetween 3-0 ppm.The alkene
carbons have two different environms. Thea carbon shows up around 12@8m and th¢3
carbon appears at 143.5 pphine @rbonyl is showcased down field aroult®B.: ppm. The
aromatic rings will have a representation of foeals because there are two sets of carbon

have the same environmeiitis is true for bch ring systems in the compound.



36

CARBON_U1

1%

182

L6112
4

3.

1.3

0.6
0.09

7.5

9.3

14,85

3.7

816

5547

86

9.52

938

5

9,16

6,00

bE]

&

1R

1110

L 100

250 250 200 200 150 180 170 160 150 140 130 120 f1(1‘10 ) W0 9% 8 7 6 S 4 3 22 10 0 -0
ppm

Figure 9. °C NMR of (E)-1-(4-methoxyphenyl)-3-(4-(nonyloxy)ping)prop-2-en-1-one.

4.3 Results and Discussions of 4-alkoxyboronic acthalcone Synthesis
4.3.1 Yields of 4-alkoxyboronic acid chalconegynthetic yields including cLogP
values calculated from the 4-alkoxyboronic acidlotiaes. Refer to Figure 2 for numbering

sequence

Table 3

Yields for 4-alkoxyboronic acid chalcones

B-ring A-ring

Yield
S.No. 4 4 Product (%)

Z
lc  B(OH) CeHu W 3.30
I‘B [©]

F
2c B(OH)2 CeH13 Ho_ O O PN 64 3.77
? o

cLogP




3c

4c

5c

6c

7cC

8c

B(OH),

B(OH),

B(OH),

B(OH),

B(OH),

B(OH),

C/H1s

CgHy7

CoH1g

CioH21

CiiH23

CioHos

(e}
O ~ O
HO. /\/\/\/
\‘B o
OH
o
O ~ O
HO. P UaWaN
\? o
OH
(0]
O g O
e I N N e
\? 5
OH
o
HO. P U U VaVaN
\? ‘o)
OH
(0]
HO.
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OH
[0}
HO.
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OH

88

58

67

84

82
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4.23

4.69

5.16

5.52

6.09

6.55

4.3.2 Discussion of solubilityThe solubility of the boronic acid chalcones folkthe

trend with that of the others, as the chain in@sas carbons the solubility increases. However

because of the boronic acid group on the otherddittee compound the cLogP value

significantly dropped when compared to the methbajaones. This validates that by adding the

boronic acid functional group, the compounds becomee soluble allowing it to have more

bioavailability. These compounds would be promismthe pharmaceutical industry due to its

low cLogP values indicating that they would meta&mthrough the blood serum.

4.3.3 Discussion ofH and **C NMR. The boronic acid chalcones were all ran in

deuterated methanol which has two peaks with chemahdfts of 4.8 ppm and 3.3 ppm. Similar

to the methoxy chalcones’ proton NMRs, Figure 16watases the full proton NMR, Figure 11 is
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the aliphatic region, and Figure 12 is the aromagion. The chemical shifts are somewhat
similar to that of the methoxy chalcone in the ladippc region with the exception of only
expecting one methoxy proton with a chemical sdviéund 4.0 ppm being that the boronic acid
chalcones have hydroxyl protons attached to iterscing instead of an extra methoxy group.
The same follows true for the aromatic region, kbthvinylic protons and aromatic protons
have similar chemical shifts with exception of nbawing an extra peak that appears at 8.01
ppm representing the hydroxyl protons on the bokgerature confirms that when boronic acid

is attached to a benzene ring, there is an expebiaical shift of 7.25-8.29 ppm (Bruns,

Sinnwell, & Voss, 2003).
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Figure 10. *H NMR of 4-((E)-3-(4-(nonyloxy)phenyl)acryloyl)phgtboronic acid.
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Figure 11. *H NMR aliphatic region of 4-((E)-3-(4- (nonyloxy)phyzl)acryloyl)phenylboronlc

acid.
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Figure 13 is the representati’€ NMR of the nonane boronic acid chalcone.Peaks are
not as pronounced due to the solubility of the conmgl in the solvent. Again similar to that of
the methoxy chalcone we expect to see twenty feakp for each of the carbons in the
compound, but eighteen different environments. dilg difference is the slight down field shift
of the peaks that might be due to the boron. Thgesit difference between tH€ NMR of the
methoxy and boronic acid chalcones is the carbpegk. In the methoxy spectrum the carbonyl
peak appears at 188.59 ppm but now in the boramicspectrum has a down field shift at
203.63 ppm. The presence of only one methoxy cairsiead of two signifies that there is

another difference between both the methoxy andriolcid spectrums.
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Figure 13. *3C NMR of ((E)-3-(4-(nonyloxy)phenyl)arcyloyl)pherbdronic acid

By comparing the NMR data froboth the'H NMR and**C NMR of each chalcone
confirms t that there is a difference between tle¢haxychalcones and the boronic acid
chalcones. This difference can be made by the atiiphegions of théH NMR and by different

carbonyl shifts in th&°C NMR.
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CHAPTER 5
Conclusion and Future Research

We have reported an attempt to synthesize twentiydibalcone derivatives. To the best
of our knowledge, thirteen of our chalcone deriwedihave never being reported, this
investigation namely, five methoxy chalcones (4bh-&fd eight boronic acid chalcones (1c-8c).
The benzaldehyde compounds had much success witlvithamson Ether synthesis. An extra
step was added to ensure that the compounds wesgtpe distillation via Kugelrohr. The
benzaldehydes that were synthesized are commeraiailable, but do not have any reported
melting point from their respected companies.

Out of the three reactions, the boronic acid chadsaook the most effort to recover. The
degree of difficulty came about when it came timeecrystallize the compounds. This was
partially due to the solubility of the compound detause of that three of the compounds were
not recovered. Another issue we encountered whethasizing both sets of chalcones was
having starting material in the products. Evideatthe starting material, mainly benzaldehye,
showed up in the NMR spectra and could be the retmsarhy recrystallizing the compound had
a degree of difficulty. To deal with this issueetess of acetophenone could be used instead of
equal molar quantity.

Once we recovered the three boronic acid chalclmsé# recrystallization, (1c, 4c and
8c) we want to add on with the discovery and a@dbtitane and propane boronic acid chalcones
to the library, neither of which have been reparfgte next step for both sets of chalcones is to
send them to the National Institute of Health Depetental Therapeutics Program to be

screened on cancer cell lines. This step will atp the development of a structure-activity
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relationship and to see if boronic acid will indde’e more biological availability than that of a
methoxy group as well as see if the ether chairahgsaffect on cancer.

During this research, we also encountered a drigsta of a chalcone that we
attempted to synthesize in the past (Figure 14y To gives great insight to the characteristics
of chalcones. In the future we have hopes to fughely this crystal and attempt to form

crystals with the other chalcones.

O
¢
AN NN
O

(E)-3-(4-(heptyloxy)phenyl)-1-phenylprop-2-en-1-one

Figure 14. Chalcone crystal structures.
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4-(undecyl oxy)benzaldehyde (7a)
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(E)- 3-(4-(heptyl oxy)phenyl)-1-(4-methoxyphenyl ) prop-2-en-1-one (3b)
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(E)- 3- (4-(decy| oxy)phenyl) 1-(4- methoxyphenyl)prop-z en-1-one (6b)
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(E)-3-(4-(dodecyl oxy) phenyl)-1-(4-methoxyphenyl ) prop-2-en-1-one (8b)
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4-((E)-3-(4-heptyl oxy)phenyl)acryl oyl )phenyl oboronic acid (3c)
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Appendix B

Bc NMR
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(E)- 3-(4-(decyl oxy)phenyl)-1-(4-methoxyphenyl)prop-2-en-1-one
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4-((E)-3-(4-heptyl oxy)phenyl )acryl oyl )phenyl oboron| c acid (3c)
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Appendix C
Chalcone Crystal Tables

Table 1: Data collection details for Franksz

Axis I’(Tj1)lfl{l 20| e || g | o [V | Frame Ti/r:e MA Voll(tsge/ Currizint/ T?(m/
Omega oz _go.o 49Y0.00 [3>Y0.50 | 360 | 10.08:7]50 1.0 2000
Omega oz _go.o S40-0220055%050 | 360 | 10.04:7]s0 1.0 2000
Omega oz _So.o 540-0240055%050 | 360 | 10.00:7 50 1.0 200.0

A total of 1080 frames were collected. The totgd@sure time was 3.00 hours. The integration
of the data using ticlinic unit cell yielded a total d223reflections to a maximur angle of
25.05 (0.84A resolution), of whictB228were independent (average redundahéy7,
completeness 88.0%, Rnt = 5.4, Rig = 8.926) and2386(73.926) were greater than
26(F?).The final cell constants of=5.6069(9)A, b =7.7822(13)A, c =22.864(4)A, o =
81.101(59, p = 85.571(53, y = 69.879(43, volume =925.2(3)A3, are based upon the refinement
of the XYZ-centroids o2559reflections above 26(1) with 5.404 < 20 <49.74.Data were
corrected for absorption effects using the mulirsmethod (SADABS). The ratio of minimum
to maximum apparent transmission Wa827 The calculated minimum and maximum
transmission coefficients (based on crystal sirep®648and0.9885

The structure was solved and refined using the &r&HELXTL Software Package, using the
space groupp -1, with Z =2 for the formula unitC,,H,60,.The final anisotropic full-matrix
least-squares refinement ohwith 228 variables converged at R16-51%, for the observed
data and wR2 20.7®% for all data. The goodness-of-fit wad.9Q The largest peak in the final
difference electron density synthesis Was52¢e/A3 and the largest hole wa.276e/A3 with

an RMS deviation 08.116€/A3. On the basis of the final model, the calculatedsity was
1.157g/cnt and F(000)348€.

Table 2. Sample and crystal data for Franks2.

Identification code Franks2

Chemical formula CaoH2605

Formula weight 322.43

Temperature 200(2) K

Wavelength 0.71073 A

Crystal size 0.16 x 0.26 x 0.50 mm

Crystal habit colorless plate



Crystal system
Space group
Unit cell dimensions

Volume

Z

Density (calculated)
Absorption coefficient
F(000)

triclinic

P-1

a =5.6069(9) A o = 81.101(5)°
b=7.7822(13)A B =85571(5)°
c =22.864(4) A v = 69.879(4)°
925.2(3) &

2

1.157 Mg/cni

0.072 mnit

348

Table 3. Data collection and structure refinementdr Franks2.

Diffractometer
Radiation source

Theta range for data
collection

Index ranges
Reflections collected
Independent reflections

Coverage of independent
reflections

Absorption correction

Max. and min.
transmission

Structure solution
technique

Structure solution program
Refinement method
Refinement program
Function minimized

Data / restraints /
parameters

Goodness-of-fit on B

Final R indices

Weighting scheme

Bruker Smart X2S Diffractometer
microfocus sealed tube, Mg, K

0.90 to 25.05°

-6<=h<=6, -9<=k<=9, -27<=I<=27
8223
3228 [R(int) = 0.0544]

98.0%
multi-scan

0.9885 and 0.9648

direct methods

SHELXS-97 (Sheldrick, 2008)
Full-matrix least-squares orf F
SHELXL-97 (Sheldrick, 2008)
) W(F02 - Fc2)2

3228/0/228

1.190

2386 data; R1=0.0651, WR2 =

1>26(1) 0.1697

Al data R1 = 0.0854, WR2 =
0.2077

w=1/[6*(Fo?)+(0.0979P%+0.0000P]
where P=(F+2F.)/3
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Extinction coefficient

0.0570(120)

Largest diff. peak and hole 0.552 and -0.276 €A

R.M.S. deviation from
mean

0.116 e&®

Table 4. Atomic coordinates and equivalent
isotropic atomic displacement parameters

(A?) for Franks2.

U(eq) is defined as one third of the trace of the

orthogonalized Ytensor.

x/a y/b
C110.6979(3)0.2351(2)
C120.8440(4)0.2089(2)
C100.8257(3)0.1746(2)

zlc U(eq)
0.61650(8) 0.0373(5)
0.66932(9) 0.0401(5)
0.56517(8) 0.0421(5)

O1 0.2981(2D.31056(16).46311(5) 0.0443(4)

02 0.1747(3D.1737(2)
C1l 0.2058(5)D.2485(3)
C2 0.0852(4).2923(3)
C3 0.2731(4D.2277(2)
C4 0.1557(4D.2757(2)
C5 0.3482(3D.2293(2)
C6 0.2296(3)D.2862(2)
C7 0.4238(4).2392(2)
C8 0.4414(3D.2829(2)
C9 0.7019(4D.1964(2)
C130.7633(4)0.2386(2)
C140.9482(4)0.2096(2)
C150.8612(4)0.2268(2)
C160.6110(4)0.3095(3)
C170.5449(4)0.3288(3)
C180.7295(5)0.2628(3)
C190.3094(3)0.3496(2)
C200.4342(3)0.3248(2)
C210.9803(4)0.1774(3)
C220.0452(4)0.1600(3)

0.75749(6) 0.0669(5)

0.08678(1®).0809(11)

0.14694(9)
0.19622(8)
0.25614(8)
0.30457(8)
0.36364(8)
0.41054(8)
0.51157(8)
0.51296(8)
0.72417(9)
0.77038(9)
0.83310(8)
0.85062(9)
0.90944(9)

0.0610(6)
0.0480(5)
0.0462(5)
0.0437(5)
0.0424(5)
0.0412(5)
0.0360(5)
0.0425(5)
0.0406(5)
0.0440(5)
0.0417(5)
0.0494(6)
0.0585(6)

0.95184(1).0613(6)

0.56215(8) 0.0401(5)
0.61376(8) 0.0390(5)
0.93508(9) 0.0593(6)
0.87671(9) 0.0502(6)

Table 5. Bond lengths (A) for Franks2.
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C11-C10
Cl1-C12
C12-H13
C10-H10
01-Cv
C1-C2
C1l-H1B
C2-C3
C2-H2B
C3-H3A
C4-C5
C4-H4B
C5-H5A
C6-C7
C6-H6B
C7-H7B
C8-C19
C13-Ci14
C14-C15
C15-C22
C16-H16
Cl7-H17
C18-H18
C19-H19
C21-C22
C22-H22

1.386(3)
1.460(2)
0.934(19)
0.949
1.434(2)
1.519(3)
0.98
1.508(2)
0.99
0.99
1.521(2)
0.99
0.99
1.502(2)
0.99
0.99
1.394(2)
1.475(2)
1.490(3)
1.399(2)
0.95
0.95
0.95
0.95
1.371(3)
0.95

C11-C20
C12-C13
C10-C9
01-C8
02-C14
C1l-H1A
C1l-HiC
C2-H2A
C3-C4
C3-H3B
C4-H4A
C5-C6
C5-H5B
C6-H6A
C7-H7A
C8-C9
C9-H9
C13-H12
C15-C16
Cle6-C17
C17-C18
C18-C21
C19-C20
C20-H20
C21-H21

1.403(3)
1.327(3)
1.386(2)
1.365(2)
1.226(2)
0.98
0.98
0.99
1.516(3)
0.99
0.99
1.518(2)
0.99
0.99
0.99
1.383(3)
0.95
0.95(2)
1.384(3)
1.384(3)
1.382(3)
1.385(3)
1.372(2)
0.95
0.95

Table 6. Bond angles (°) for Franks2.

C10-C11-C20 117.38(16) C10-C11-C12 118.82(17)
C20-C11-C12 123.75(17) C13-C12-C11 129.55(19)
C13-C12-H13 117.3(11) C11-C12-H13 113.1(11)
C9-C10-C11 122.48(17) C9-C10-H10 118.8
C11-C10-H10 118.7 C8-01-C7 118.07(14)
C2-C1-H1A 1095 C2-C1-H1B  109.5
H1A-C1-H1B 109.5 C2-C1-HIC  109.5
H1A-C1-HI1C 109.5 H1B-C1-H1C 109.5
C3-C2-C1 113.5(2) C3-C2-H2A  108.9
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C1l-C2-H2A
C1-C2-H2B
C2-C3-C4
C4-C3-H3A
C4-C3-H3B
C3-C4-C5
C5-C4-H4A
C5-C4-H4B
C6-C5-C4
C4-C5-H5A
C4-C5-H5B
C7-C6-C5
C5-C6-H6A
C5-C6-H6B
01-C7-C6
C6-C7-H7A
C6-C7-H7B
01-C8-C9
C9-C8-C19
C8-C9-H9
C12-C13-C14
C14-C13-H12
02-C14-C15
C16-C15-C22
C22-C15-C14
C15-C16-H16
C18-C17-C16
C16-C17-H17
C17-C18-H18
C20-C19-C8
C8-C19-H19
C19-C20-H20
C22-C21-C18
C18-C21-H21
C21-C22-H22

108.9 C3-C2-H2B
108.9 H2A-C2-H2B
113.85(18) C2-C3-H3A
108.8 C2-C3-H3B
108.8 H3A-C3-H3B
114.00(17) C3-C4-H4A
108.8 C3-C4-H4B
108.8 H4A-C4-H4B
113.52(16) C6-C5-H5A
108.9 C6-C5-H5B
108.9 H5A-C5-H5B
112.37(15) C7-C6-H6A
109.1 C7-C6-H6B
109.1 H6A-C6-H6B
108.46(14) O1-C7-H7A
110.0 01-C7-H7B
110.0 H7A-C7-H7B

124.51(17) O1-C8-C19
119.54(16) C8-C9-C10
120.5 C10-C9-H9
119.98(18) C12-C13-H12
118.2(11) 02-C14-C13
119.19(16) C13-C14-C15
118.12(18) C16-C15-C14

117.85(18) C15-C16-C17
119.5 C17-C16-H16
120.0(2) C18-C17-H17
120.0 C17-C18-C21
120.2 C21-C18-H18
120.69(17) C20-C19-H19
119.7 C19-C20-C11
119.6 C11-C20-H20
120.18(19) C22-C21-H21
119.9 C21-C22-C15
119.5 C15-C22-H22

108.9
107.7

108.8

108.8
107.7

108.8

108.8
107.6

108.9

108.9
107.7

109.1

109.1
107.9

110.0

110.0
108.4

115.95(15)
119.06(18)

120.5

121.8(11)
120.41(18)
120.39(17)
124.01(17)
120.99(18)
119.5
120.0
119.6(2)
120.2
119.7
120.81(17)
119.6
119.9
121.1(2)
119.5

Table 7. Anisotropic atomic displacement parameter§A?) for

Franks2.
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The anisotropic atomic displacement factor exporess the form: <[ h” a?
Up+...+2 hkab Ulg]

U1a 7y Usz U2z Uiz Ui
C110.0381(11)0.0313(8) 0.0435(11D.0044(7)-0.0017(9)-0.0132(8)
C120.0350(12)0.0382(9) 0.0466(12)0.0038(8)-0.0019(9)-0.0124(8)
C100.0333(11)0.0415(9) 0.0507(12)0.0119(8)-0.0004(9)-0.0094(8)
O1 0.0407(8) 0.0490(7) 0.0374(8) -0.0082¢B)0044(6)-0.0059(6)
02 0.0403(10p.1027(12)0.0556(10)-0.0106(8)-0.0044(7)-0.0207(8)

Cl 0.1203) 0'0757(16)'0502(15)6.0115(11)6.0160(14)6.0329(16)

Cc2 0'0783(17D'0532(11)0'0493(13)6.0081(10)6.0188(12)6.0151(11)

C3 0.0554(13D.0416(10)0.0454(12):0.0049(8) , 0060(107-0138(9)

C4 0.0508(13D.0389(9) 0.0455(12D.0044(8) 0085(10§°-0098(9)

C5 0.0453(12P.0409(9) 0.0430(12).0065(8)-0.0041(9)-0.0113(9)
C6 0.0471(13D.0382(9) 0.0398(110.0050(8)-0.0019(9)-0.0115(9)
C7 0.0439(12p.0382(9) 0.0398(11).0096(8)0.0034(9) -0.0107(8)
C8 0.0401(11p.0301(8) 0.0372(10).0039(7)-0.0022(8)-0.0111(8)
C9 0.0402(12p.0430(9) 0.0439(110.0131(8)0.0021(9) -0.0113(8)
C130.0365(13)0.0422(10)0.0437(12)-0.0013(8)-0.0057(9)-0.0149(9)
C140.0384(12)0.0448(10)0.0488(12)-0.0009(8)-0.0066(9)-0.0151(9)
C150.0467(13)0.0402(9) 0.0432(110.0018(8)-0.0080(9)-0.0212(9)

C160.0419(13)0.0563(11)0.0505(13).0.0072(9),, 0068(10)%-0160(9)

C170.0539(14)0.0694(13D.0537(13), 1 41 0-0014(10]) 51711

C18 0.0736(17X).0729(14}).0446(12)6_ 0104 (10)6_ 0018 (11)6- 0328(13)

C190.0346(11)0.0402(9) 0.0420(11:0.0050(8)-0.0004(8)-0.0085(8)
C200.0378(11)0.0401(9) 0.0369(10Y.0046(7)0.0025(8) -0.0115(8)

CZl0.0655(16X).0686(13X).0475(13X).0002(10)6 0155(11)6 0279(12)

C220.0470(13)0.0539(11)0.0502(13):0.0005(9),, 0103(10)6 0185(10)
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