ABSTRACT

Evaluation of Phenolic Protecting Groups Using Microwave Synthesis and Progress
Towards a Benzosuberene Anti-Cancer Agent

Mahmood Jamil Khan

Director: Kevin G. Pinney, Ph.D.

According to an epidemiology survey conducted by the American Cancer Society,
about 1,596,670 new cancer cases were expected to be diagnosed in the year 2011.
Cancer is a term used to categorize diseases in which abnormal cells divide
uncontrollably and are able to invade normal tissue in the body. Most cancers can be
classified into broad categories such as carcinoma, sarcoma, leukemia, lymphoma, and
central nervous system cancers. Synthetic chemistry plays a key role in terms of the
discovery of new anti-cancer agents. Robust protecting group strategies are paramount in
successful target-directed synthetic campaigns. This study investigates the use of a
microwave technique compared to conventional heating in the installation of selected
phenolic protecting groups. In addition, this thesis covers the progress made towards the
synthesis of a new functionalized benzosuberene anti-cancer agent.
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CHAPTER ONE

Introduction

Cancer
In the United States, about 550,000 people die each year because of cancer.
During the 1970’s the cancer survival rate was about 50%, however; with the advent of

new treatment options that figure has reached a 66% survival rate.*

Cancer is a commonly used term for cells that transform into abnormal cells
within an organism and proliferate without control.” These cells are then able to invade
other tissue types within the host and cause complications which eventually lead to death.
Like other diseases, cancer is not confined to just one type of classification. Currently,
there are more than one-hundred different types of cancer which are classified according

to the organ or type of cell from which the cancer originates.
There are six primary categories that are used to classify cancer types.”

e Sarcoma: Cancer that arises from smooth muscle, fat, bone, and cartilage.

e Leukemia: Cancer that arises primarily from bone marrow.

e Carcinoma: Cancer that arises from skin and tissue that covers internal organs.

e Lymphoma: Cancer that arises in the immune system.

e Myeloma: Cancer that arises in plasma cells, a type of white blood cell that is
responsible for the production of antibodies.

e CNS: Cancer that arises from the tissue located in the brain, brain stem, and

spinal cord.



The uncontrollable growth of cells is the hallmark of cancer. When enough
abnormally growing cells are produced, they form a mass of cells commonly called a
tumor. The term tumor is not synonymous with cancer. Cancer by definition is malignant,
meaning that the condition becomes progressively worse and can result in death. Tumors
can be classified into three general categories: benign, pre-malignant, and malignant. The
latter two tumor types are considered lethal.

A benign tumor is a tumor that lacks the ability to metastasize, meaning that it
cannot spread from one organ to another. A pre-malignant tumor is the precursor to a
malignant tumor in which there are prominent morphological alterations that, if left
untreated, could lead to the development of a malignant tumor. Lastly, a malignant tumor
IS characterized by its ability to invade nearby parts of the body. This type of tumor can
metastasize, or spread, to distant parts of the body through the blood system or the
lymphatic system.

Typically, healthy cells are able to control their growth through a complex set of
checkpoints that can even cause cell death if they become defective. Cancer occurs when
problems arise in the genes that control the proliferation of the cell. These problems arise

when there are damaged genes or when the faulty genes are inherited.?



Treatment of Cancer
There are three main different treatment options that are widely used today in
treating and eradicating cancer from the body. The most common treatments are

chemotherapy, radiation therapy, and surgery.

Chemotherapy

Chemotherapy is the treatment of cancer with chemical compounds or combinations
of them into a standardized treatment regimen. This treatment acts on cancer by killing
the cells that are in the cell division phase. Although chemotherapy targets cancer cells, it
also inadvertently affects the replication of normal cells. In a general sense, most
chemotherapeutic drugs work by inhibiting mitosis of the rapidly dividing cell. Since
there are wide arrays of chemotherapeutic drugs, we will only discuss the broad scheme
of its action on cancer cells. The main features of chemotherapy are that it arrests the
multiplication of cells, assists the immune system for self-defense, and helps initiate the
growth of essential enzymes in the body that help combat cancer. Following are the

commonly used therapeutic drugs.®

e Alkylating agents: These agents impair cell function by forming covalent bonds
between the phosphate, amino, carboxyl, and sulfhydryl groups in important
molecules. They can also function by chemically modifying a cell’s DNA.
Ex: cisplatin, mechlorethamine.

e Anti-metabolites: These agents prevent purines and pyrimidines, the building
blocks of DNA, from being incorporated into DNA during the S phase of the cell

cycle. Ex: Sulfadiazine



e Alkaloids and terpenoids: Most of these agents are derived from plants and
function by blocking the formation of microtubules during cell division.
Ex: Vinblastine

e Topoisomerase inhibitors: These inhibitors function by blocking either type I or
type Il topoisomerases. Administration of this class of drugs interferes with
transcription and replication of DNA by disrupting the proper super coiling of
DNA.

Ex: Topotecan

Radiation Therapy

This type of treatment is commonly applied to tumors that are considered
cancerous. The utilization of ionizing radiation in this treatment works by damaging the
DNA of tissue subjected to irradiation. The goal of radiation treatment is to irreversibly
damage the DNA of the cancer cells so that they are unable to replicate effectively. In
essence, radiation can alter the structure of DNA bases making them unfit to be
incorporated into newly synthesized DNA. Another positive aspect of this treatment is
that it takes advantage of a cancer cell’s repair mechanism. When a particular cell
undergoes transformation into a cancerous cell, it essentially turns off its DNA repair
machinery. The lack of a repair mechanism, therefore; makes this radiation therapy more

useful against cancer cells.*



Surgery
Surgery consists of an operation to physically remove or repair parts of the body
to treat cancer. Surgery can be used to remove a cancerous tumor to relieve the symptoms
caused by the cancer or to accurately diagnose the cancer type. This form of treatment is
often supplemented with other common treatments such as chemotherapy and radiation

therapy.

Vascular Disrupting Agents

Vascular disrupting agents (VDAS) are drugs that are designed to disrupt and
damage the vasculature of well-established cancerous tumors. The “buckling” of the
blood vessels after the administration of a VDA results in significant loss of blood flow
to the tumor and usually leads to central necrosis. By definition, necrosis is the premature
death of cells and or living tissue. VDAs can be classified as small-molecule and ligand
based compounds. The focal point of this thesis, centers on small-molecule VDAs. Two

common small-molecule VDAs are combretastatin A-4 and vadimezan.®
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Figure 1.0: Structure of Vadimezan Figure 2.0: Structure of Combretastatin A-4



Combretastatin A-4 phosphate (CA4P) is a well-known disodium phosphate pro-drug
that is currently in human clinical trials. It biologically functions as both a microtubule
destabilizing drug and a vascular disrupting agent. The chemical structure of

combretastatin A-4 phosphate is illustrated in figure 3.0. *°
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Figure 3.0: Chemical Structure of Combretastatin A-4 Phosphate

It is important to note that CA4P is rapidly converted by the body to CA4 through the
action of non-specific phosphatase enzymes.® CA4 functions by inhibiting tubulin
polymerization during cell division. CA4 binds to the colchicine site on the o, B-tubulin
heterodimer and as a result disrupts the polymerization into microtubules during cellular
division. CA4 also causes the endothelial cells within the tumor vasculature to buckle up
causing decreased blood flow to the central tumor. Since tumors are known to form
vasculature in a rapid fashion, the disruption of blood vessels is hallmark to the potency

of CA4.’



Research
The research relevant to this study is related to the synthesis of benzosuberene
and various compounds containing protecting groups. This two part study aimed to
determine if subjecting protection reactions to microwave irradiation was more beneficial
than a conventional heating approach commonly used in laboratories. Furthermore, this
study will provide an overview of the installation of phenolic protecting groups and will
describe the progress towards the synthesis of a functionalized benzosuberene-based anti-

cancer agent.’



CHAPTER TWO

Materials and Methods

Materials
Chemicals and solvents for the reactions below were purchased from commercial
sources such as Sigma-Aldrich, Sigma, and Alfa-Aesar.® *H NMR spectra were obtained
in deuterated chloroform with 0.03% TMS using a Varian spectrometer at a frequency of
500 MHz. Peaks listed in this study are denoted as singlet (s), doublet (d), triplet (t),
quartet (q) and coupling constants are reported in hertz (Hz). All solvents, glassware, and

instruments used in our study were obtained by Baylor University.

Terminology

The compounds synthesized in this study are numbered in sequential order, 1-5.
Furthermore, a letter designation accompanies each compound. Compound names that
include “a” are hereto designated as being synthesized by microwave irradiation.
Compound names that include the “b” are hereto designated as being synthesized by the
conventional method. For example, compound la was synthesized under microwave
irradiation, while compound 1b was synthesized under conventional conditions.
The compounds synthesized in the benzosuberene project are labeled with numbers and

no letters.



Project Overview: Protecting Group Strategies and a Benzosuberene Anti-Cancer Agent

Two separate projects were carried out during the course of this thesis research.
The first project focuses on tosylate protecting group strategies for various phenolic
moieties under microwave conditions. Among the twenty reactions conducted, five
reactions yielded significant results. The second project consisted of preparing an
analogue of a functionalized benzosuberene-based anti-cancer agent. Details regarding

strategies for each of these projects are described in the following sections.

Overall, each of the five reactions was performed twice, once under normal
conditions at room temperature and once under microwave irradiation at 60 °C. Refer to

figures 4.0 and 5.0 for a detailed reaction scheme.
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Figure 4.0: Reaction scheme for compounds 1a, 2a, 3a, 1b, 2b, 3b.
Compounds 1a-3a were synthesized by microwave irradiation while
compounds 1b-3b were synthesized by the conventional method.
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Figure 5.0: Reaction scheme for compounds 4a, 5a, 4b, 5b.
Compounds 4a-5a were synthesized by microwave irradiation while compounds
4b-5b were synthesized by the conventional method.
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4-Formyl-1,2-phenylene bis(4-methylbenzenesulfonate) (1a)

The  microwave reaction was conducted by combining  3,4-
dihydroxybenzaldehyde (0.690 g, 4.99 mmol), para-toulenesulfonylchloride (1.920 g,
10.07 mmol), and dimethylformamide (15 mL) into a 20 mL microwave safe vial. After
one minute of stirring, N,N-diisopropylethylamine (0.647 g, 5.00 mmol) was added. The
reaction mixture was allowed to stir for one minute to ensure homogeneity. The reaction
solution was then placed into the microwave reactor, the Biotage Initiator, and was stirred
for 30 min at 60 °C under constant microwave irradiation. The contents of the reaction
vessel were transferred to a separatory funnel and 20 mL of deionized water was added.
The products were isolated by extraction with EtOAc (3 x 50 mL). The combined EtOAc
layers were dried over Na,SO,4 (anhydrous). After filtration, the solvent was removed
under reduced pressure (rotary evaporation) to afford the tosylate protected analogue la
(0.909 g, 2.12 mmol, 43 %) as a brown solid. Since compound 1a was a mixture of three

products that were not separated, NMR shifts are not included.

3-Methoxyphenyl 4-methylbenzenesulfonate (2a)

The microwave reaction was conducted by combining of 3-methoxyphenol (0.620
g, 5.00 mmol), para-toulenesulfonylchloride (0.651 g, 3.41 mmol), and
dimethylformamide (15 mL) into a 20 mL microwave safe vial. After one minute of
stirring, N,N-diisopropylethylamine (0.647 g, 5.00 mmol) was added. The reaction
mixture was allowed to stir for one minute to ensure homogeneity. The reaction solution
was then placed into the microwave reaction apparatus, the Biotage Initiator, and was

stirred for 30 min at 60 °C under constant microwave irradiation. The contents of the
12



reaction vessel were transferred to a separatory funnel and 20 mL of deionized water was
added. The products were isolated by extraction with EtOAc (3 x 50 mL). The combined
EtOAc layers were dried over Na,SO, (anhydrous). After filtration, the solvent was
removed under reduced pressure (rotary evaporation) to afford the tosylate protected

analogue 2a (0.304 g, 1.16 mmol, 23 %) as a solid.

'H-NMR (500 MHz, CDCl3) § 1.57 (s, 2H), 2.45 (s, 3H), 3.72 (s, 3H), 6.56 (dd, 2H, J =
12.0 Hz), 6.72 (d, 1H, J = 33 Hz), 7.16 (t, 1H, J = 8 Hz, 8 Hz), 7.28 (d, 2H, J = 13 Hz),

7.71(d, 2H, J = 11 Hz)

2,6-Dibromo-4-fluorophenyl 4-methylbenzenesulfonate (3a)

The microwave reaction was conducted by combining 2,6-Dibromo-4-
fluorophenol (1.86 g, 6.88 mmol), para-toulenesulfonylchloride (0.973 g, 5.10 mmol),
and dimethylformamide (15 mL) into a 20 mL microwave safe vial. After one minute of
stirring, N,N-diisopropylethylamine (0.647 g, 5.00 mmol) was added. The reaction
mixture was allowed to stir for one minute to ensure homogeneity. The reaction solution
was then placed into the microwave reaction apparatus, the Biotage Initiator, and was
stirred for 30 min at 60 °C under constant microwave irradiation. The contents of the
reaction vessel were transferred to a separatory funnel and 20 mL of deionized water was
added. The products were isolated by extraction with EtOAc (3 x 50 mL). The combined
EtOAc layers were dried over Na,SO,4 (anhydrous). After filtration, the solvent was
removed under reduced pressure (rotary evaporation) to afford the tosylate protected

analogue 3a (1.95 g, 4.78 mmol, 69 %) as a solid.

13



'H-NMR (500 MHz, CDCl3) § 1.53 (s, 2H), 2.48 (s, 3H), 7.38 (dd, 2H, J = 8 Hz), 7.92

(d, 2H, J = 8.5 H2)

3-Bromo-2-formyl-6-methoxyphenyl 4-methylbenzenesulfonate (4a)

The microwave reaction was conducted by combining 6-bromo-2-hydroxy-3-
methylbenaldehyde (1.14 g, 5.30 mmol), para-toulenesulfonylchloride (1.44 g, 7.54
mmol), and dimethylformamide (15 mL) into a 20 mL microwave safe vial. After one
minute of stirring, N,N-diisopropylethylamine (0.647 g, 5.00 mmol) was added. The
reaction mixture was allowed to stir for one minute to ensure homogeneity. The reaction
solution was then placed into the microwave reaction apparatus, the Biotage Initiator, and
was stirred for 30 min at 60 °C under constant microwave irradiation. The contents of the
reaction vessel were transferred to a separatory funnel and 20 mL of deionized water was
added. The products were isolated by extraction with EtOAc (3 x 50 mL). The combined
EtOAc layers were dried over Na,SO,4 (anhydrous). After filtration, the solvent was
removed under reduced pressure (rotary evaporation) to afford the tosylate protected

analogue 4a (0.412 g, 1.17 mmol, 22 %) as a viscous oil.

IH-NMR (500 MHz, CDCls) § 2.48 (s, 3H), 3.62 (s, 3H), 6.97 (d, 1H, J = 8.5 Hz), 7.26

(s, 1H), 7.37 (d, 2H, J = 8Hz), 7.81 (d, 2H, J = 8.5 Hz), 10.07 (s, 1H)

3-Bromophenyl 4-methylbenzenesulfonate (5a)

The microwave reaction was conducted by combining 3-bromophenol (0.868 g,

5.02 mmol), para-toulenesulfonylchloride (1.44 g, 4.98 mmol), and dimethylformamide
14



(15 mL) into a 20 mL microwave safe vial. After one minute of stirring, N,N-
diisopropylethylamine (0.647 g, 5.00 mmol) was added. The reaction mixture was
allowed to stir for one minute to ensure homogeneity. The reaction solution was then
placed into the microwave reaction apparatus, the Biotage Initiator, and was stirred for 30
min at 60 °C under constant microwave irradiation. The contents of the reaction vessel
were transferred to a separatory funnel and 20 mL of deionized water was added. The
products were isolated by extraction with EtOAc (3 x 50 mL). The combined EtOAc
layers were dried over Na,SO4 (anhydrous). After filtration, the solvent was removed
under reduced pressure (rotary evaporation) to afford the tosylate protected analogue 5a

(0.346 g, 1.11 mmol, 30 %) as a brown solid.

'H-NMR (500 MHz, CDCl3) & 2.46 (s, 3H), 6.93 (ddd, 1H, J = 8.5 Hz, 10 Hz, 8.5 Hz),
7.25 (tt, 2H, J = 7Hz, 8 Hz, 8 Hz, 7 Hz), 7.34 (d, 2H, 8.5 Hz), 7.38 (ddd, 1H, J = 8.6

Hz, 10 Hz, 8.6 Hz), 7.75 (dd, 2H, J = 6.5 Hz, 7.0 Hz).

4-Formyl-1,2-phenylene bis(4-methylbenzenesulfonate) (1b)

The reaction was conducted by combining 3,4-dihydroxybenzaldehyde (0.712 g,
5.15 mmol), para-toulenesulfonylchloride (1.992 g, 10.44 mmol), and
dimethylformamide (15 mL) into a 20 mL microwave safe vial. After one minute of
stirring, N,N-diisopropylethylamine (0.647 g, 5.00 mmol) was added. The reaction
mixture was allowed to stir for one minute to ensure homogeneity. The reaction solution
was then placed into the microwave reaction apparatus, the Biotage Initiator, and was

stirred for 30 min at 60 °C under constant microwave irradiation. The contents of the

15



reaction vessel were transferred to a separatory funnel and 20 mL of deionized water was
added. The products were isolated by extraction with EtOAc (3 x 50 mL). The combined
EtOAc layers were dried over Na,SO, (anhydrous). After filtration, the solvent was
removed under reduced pressure (rotary evaporation) to afford the tosylate protected
analogue 1b (0.613 g, 1.43 mmol, 31 %) as a solid. Since compound 1b was a mixture of

three products that were not separated, NMR shifts are not included.

3-Methoxyphenyl 4-methylbenzenesulfonate (2b)

The reaction was conducted by combining 3-methoxyphenol (0.620 g, 4.99
mmol), para-toulenesulfonylchloride (0.651 g, 3.42 mmol), and dimethylformamide (15
mL) into a 20 mL microwave safe vial. After one minute of stirring, N,N-
diisopropylethylamine (0.647 g, 5.00 mmol) was added. The reaction mixture was
allowed to stir for one minute to ensure homogeneity. The reaction solution was then
placed into the microwave reaction apparatus, the Biotage Initiator, and was stirred for 30
min at 60 °C under constant microwave irradiation. The contents of the reaction vessel
were transferred to a separatory funnel and 20 mL of deionized water was added. The
products were isolated by extraction with EtOAc (3 x 50 mL). The combined EtOAc
layers were dried over Na,SO,4 (anhydrous). After filtration, the solvent was removed
under reduced pressure (rotary evaporation) to afford the tosylate protected analogue 2b

(0.449 g, 1.71 mmol, 34 %) as a white crystal.
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'H-NMR (500 MHz, CDCl3) & 1.572 (s, 2H), 2.44 (s, 3H), 3.72 (s, 3H), 6.56 (dd, 2H, J =
12.0 Hz), 6.72 (d, 1H, J = 33 Hz), 7.16 (t, 1H, J = 8 Hz, 8 Hz), 7.28 (d, 2H, J = 13 Hz),

7.71(d, 2H, J = 11 Hz)

2,6-Dibromo-4-fluorophenyl 4-methylbenzenesulfonate (3b)

The reaction was conducted by combining 2,6-Dibromo-4-fluorophenol (1.30 g,
4.83 mmol), para-toulenesulfonylchloride (0.986 g, 5.17 mmol), and dimethylformamide
(15 mL) into a 20 mL microwave safe vial. After one minute of stirring, N,N-
diisopropylethylamine (0.647 g, 5.00 mmol) was added. The reaction mixture was
allowed to stir for one minute to ensure homogeneity. The reaction solution was then
placed into the microwave reaction apparatus, the Biotage Initiator, and was stirred for 30
min at 60 °C under constant microwave irradiation. The contents of the reaction vessel
were transferred to a separatory funnel and 20 mL of deionized water was added. The
products were isolated by extraction with EtOAc (3 x 50 mL). The combined EtOAc
layers were dried over Na,SO,4 (anhydrous). After filtration, the solvent was removed
under reduced pressure (rotary evaporation) to afford the tosylate protected analogue 3b

(1.69 g, 4.14 mmol, 86 %) as a brown solid.

IH-NMR (500 MHz, CDCl) & 1.52 (s, 2H), 2.48 (s, 3H), 7.38 (dd, 2H, J = 8 Hz), 7.91

(d, 2H, J = 8.5 Hz)
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3-Bromo-2-formyl-6-methoxyphenyl 4-methylbenzenesulfonate (4b)

The reaction was conducted by combining 6-bromo-2-hydroxy-3-
methylbenaldehyde (1.16 g, 5.38 mmol), para-toulenesulfonylchloride (1.427 g, 7.48
mmol), and dimethylformamide (15 mL) into a 20 mL microwave safe vial. After one
minute of stirring, N,N-diisopropylethylamine (0.647 g, 5.00 mmol) was added. The
reaction mixture was allowed to stir for one minute to ensure homogeneity. The reaction
solution was then placed into the microwave reaction apparatus, the Biotage Initiator, and
was stirred for 30 min at 60 °C under constant microwave irradiation. The contents of the
reaction vessel were transferred to a separatory funnel and 20 mL of deionized water was
added. The products were isolated by extraction with EtOAc (3 x 50 mL). The combined
EtOAc layers were dried over Na,SO,4 (anhydrous). After filtration, the solvent was
removed under reduced pressure (rotary evaporation) to afford the tosylate protected

analogue 4b ( 1.43 g, 4.06 mmol, 76 %) as a viscous oil.

'H-NMR (500 MHz, CDCls) & 2.47 (s, 3H), 3.62 (s, 3H), 6.96 (d, 1H, J = 8.5 Hz), 7.26

(s, 1H), 7.37 (d, 2H, J = 8 Hz), 7.80 (d, 2H, J = 8.5 Hz), 10.07 (s, 1H)

3-Bromophenyl 4-methylbenzenesulfonate (5b)

The reaction was conducted by combining 3-bromophenol (0.866 g, 5.05 mmol),
para-toulenesulfonylchloride (0.647g, 3.39 mmol), and dimethylformamide (15 mL) into
a 20 mL microwave safe vial. After one minute of stirring, N,N-diisopropylethylamine
(0.647 g, 5.00 mmol) was added. The reaction mixture was allowed to stir for one minute

to ensure homogeneity. The reaction solution was then placed into the microwave

18



reaction apparatus, the Biotage Initiator, and was stirred for 30 min at 60 °C under
constant microwave irradiation. The contents of the reaction vessel were transferred to a
separatory funnel and 20 mL of deionized water was added. The products were isolated
by extraction with EtOAc (3 x 50 mL). The combined EtOAc layers were dried over
Na,SO,4 (anhydrous). After filtration, the solvent was removed under reduced pressure
(rotary evaporation) to afford the tosylate protected analogue 5b (0.824 g, 2.65 mmol, 53

%) as a solid.

'H-NMR (500 MHz, CDCls) § 2.46 (s, 3H), 6.93 (ddd, 1H, J = 8.5 Hz, 10 Hz, 8.5 Hz),
7.25 (tt, 2H, J = 7 Hz, 8 Hz, 8 Hz, 7 Hz), 7.34 (d, 2H, 8.5 Hz), 7.38 (ddd, 1H, J = 8.6

Hz, 10 Hz, 8.6 Hz), 7.725 (dd, 2H, J = 6.5 Hz, 7.0 Hz).
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Benzosuberene Synthesis

5-(2-Methoxyphenyl)pent-4-enoic acid (6)

To a solution of 4-(bromotriphenylphosphoranyl)butanoic acid (32.1 g, 74.9
mmol) in THF (200 mL) in a flask, KOtBu (16.7 g, 148 mmol) was added and the
reaction mixture was allowed to stir for 15 mintues. 2-Methoxybenzaldehyde (6.88 g,
50.5 mmol) dissolved in in THF (25 mL) was added drop wise to the reaction mixture
over 5 minutes. The reaction was stirred continuously for 5 hours. On completion the
reaction was quenched with H,O (50 mL) and extracted with EtOAc (4 x 15 mL). The
combined EtOAc layers were dried over Na;SO4 (anhydrous). After filtration, the solvent
was removed under reduced pressure (rotary evaporation) to afford 5-(2-

methoxyphenyl)pent-4-enoic acid, 6 (8.34 g, 40.4 mmol, 80 %).

5-(2-Methoxyphenyl)pentanoic acid (7)

The reaction, compound 7, was conducted by combining 5-(2-
methoxyphenyl)pent-4-enoic acid (8.34 g, 40.4 mmol) to EtOH (100 mL) and was
allowed to stir for 1 minute in a 250 mL roundbottom flask. Next 10% Pd-C (0.40 g) was
added to the reaction vessel. Following the addition of the catalyst, 3 liters of H, (0.27 g,
269 mmol) were introduced into the reaction vessel via rubber balloons. The reaction was
subjected to constant stirring for 24 hours. The crude product was isolated by filtration
and the excess EtOH was removed under reduced pressure (rotary evaporation) to afford

5-(2-methoxyphenyl)pentanoic acid, 7 (5.16 g, 24.8 mmol, 61 %).

20



1-Methoxy-6,7,8,9-tetrahydro-5H-benzo[7]annulen-5-one (8)

Compound 8, was synthesized by combining 5-(2-methoxyphenyl) pentanoic acid
(1.00 g, 4.81 mmol) to Eaton’s reagent (60 mL) , 1-methoxy-6,7,8,9-tetrahydro-5H-
benzo[7]annulen-5-one (17.8 g, 74.7 mmol) in a round bottom flask. The reaction was
subjected to constant stirring for 48 hours. The product was quenched with H,O (100
mL) and extracted with EtOAc (4 x 50 mL). The combined EtOAc layers were dried over
Na,SO, (anhydrous). After filtration, the solvent was removed under reduced pressure
(rotary evaporation) to afford 1-methoxy-6,7,8,9-tetrahydro-5H-benzo[7]annulen-5-one,

8 (0.512 g, 2.69 mmol, 56 %)
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CHAPTER Three

Results and Discussion

Over the course of this study, close to thirty different compounds were modified with

phenolic protecting groups. Many of the compounds were either synthesized in low

yields or were contaminated with impurities. Of the thirty compounds synthesized, five

yielded promising results. Figures 4.0 and 5.0 summarize the protection of five

compounds studied in this thesis.

CHj
H /©/ DMF/DIPEA
foN
HO T Tss \©\9
Cl (5 HO S

OH

H3C

1a (mixture), 43 %
1b (mixture), 31 %

OH CHs 0.0
DMF/DIPEA S
B JOt
oy CH

.0 o 3
HsC Hyc™©

Br CH,
OH
+ [eN DMF/DIPEA
kit "
F Br o

3a,70 %
3b, 86 %

Figure 4.0: Reaction scheme for compounds 1a, 2a, 3a, 1b, 2b, 3b.
Compounds 1a-3a were synthesized by microwave irradiation while
compounds 1b-3b were synthesized by the conventional method.
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H CHs
+ /©/ DMF/DIPEA H
O« - >
OH s
Cl”n e}
H C/O e} é
3 7, N
H,c™~ 0”70
CHs
4a, 22 %
4b, 76 %
OH
CHs 0.0
+ DMF/DIPEA n
Osg B o
- CH
Br Cl (n) Br 3
5a, 30 %
5b, 53 %

Figure 5.0: Reaction scheme for compounds 4a, 5a, 4b, 5b.
Compounds 4a-5a were synthesized by microwave irradiation while compounds
4b-5b were synthesized by the conventional method.
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Figure 4.0 and 5.0 outline the steps taken to prepare the protected compounds, la-
5a, 1b-5b. It quickly became evident that the microwave reactions, la-5a, resulted in
lower yields. After successfully completing the protection reactions summarized in figure
4.0 and 5.0, NMR analyses were conducted to ensure that the compounds isolated were
indeed the ones that were desired. Although thirty reactions were performed, only five of
them were significant. This study proposes that there were either thermodynamic and or
structural barriers that did not allow these compounds to be synthesized. Nonetheless,
each reaction was completed and purified using column chromatography. In general,
NMR analyses were conducted to properly characterize the reaction products. It is worthy
to note that the NMR spectra for compound l1a and 1b are not included. Due to the
presence of two hydroxyl groups, there are three possible outcomes of the protection
reaction. Since the product mixture of compounds was not separated into individual
compounds, their NMR spectra are not included. The yields for the protected compounds

can be found in figure 4.0 and 5.0
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O
KOtBu
PPhBr >
H + 3 / OH
QY o P @M
o._.0

O. O
CH3 CH3
6,80 %
Pd-C/
%OH e - %OH
i I EtOH i I
"CHs “CHs
7,61 %
o)
0
OH + § 9 Hc.LoH R
_P___Ps S >
0~ ~0” Yo I
O. 0]
CHj, 5
“CHs
8,56 %

Figure 6.0: Reaction scheme for compounds 6-8

Figure 6.0 outlines the synthesis of the final product, compound 8. Compound 6,
synthesized through a Wittig reaction, was reduced to afford compound 7. Cyclization
proceeded through an Eaton’s reagent mediated Friedel-Crafts acylation reaction
resulting in compound 8. The presence of a methoxy group on the benzene ring became a
problem during the cyclization of compound 7. Because the methoxy group is an ortho-
para director, it is hypothesized that compound 8 was being synthesized as an eight
membered ring rather than a seven membered ring. However, it is important to also note
that the occurrence of an intermolecular reaction between compound 7 cannot be ruled

out. Despite multiple attempts to synthesize the desired compound, at this point it seems
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that the cyclization of compound 7 to compound 8 is not feasible due to the presence of

the ortho-para directing methoxy group.
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CHAPTER FOUR

Conclusions

The application of efficient protecting group strategies is paramount for the
successful preparation of a functional target molecule through multi-step synthetic routes.
This study evaluates the installation of tosyl protecting groups on phenolic moieties
utilizing both microwave and conventional strategies. For a subset of the compounds
studied, conventional heating was more effective than microwave irradiation. Future
studies will survey a larger sample of tosylate reactions under microwave conditions. In
addition, it is believed that applying this concept to bio-reductive triggers could be very

useful.

Moreover, the goal to synthesize benzosuberene was not successful. In the future,
the hope is to apply the knowledge gained from this study in the installation of protecting
groups to help combat the incorrect cyclization of compound 8. Nonetheless, the
synthetic campaign towards a benzosuberene analogue vyielded valuable practical

knowledge in the realm of anti-cancer compound synthesis.

The synthesis documented in this outline a method for installing protecting groups
on phenolic moieties and a route for synthesizing a benzosuberene, an anti-cancer agent.
Despite some hurdles encountered in this project, it is reported that a conventional
heating method for installing protecting groups is most efficient and that the synthesis of

a benzosuberene analogue was not successful due to unforeseen circumstances.
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Appendix A: NMR Spectra

socond MR aftor Cmpd purifiod with Isolara fpr

sample: MK 1 55 2
sample ID: 5 20100226 07

Bocond tima

Fila: fhomo/walkup/data/Mahmood/Me 1 55 Z/proton 001. £id

PulSd SGCRANCcE: S2pal

solvant: cdcl2

Tamp. 25.0 C f 298.1 K
oparacor: Mahmood

Fila: Proton 001
VHMARE-500 "CHE-EL153R-2"

Rolax. dolay 1.000 sac
Pulsg 45.0 dograas

ACh. timo 2.049 BQC

width E012.8 H=z

32 rgpotitions

oRSERVE  H1, 499.78430952 MEs
DATA FROCESSING

pos0l. anhancamone —0.0 Hz
FT Sizg 65536

Total timo 1 min, 44 s0C

Compound: 1a

OH

¥
R
f— - 4
L P8 n_—. L{_.. L %
T T _ T T T T _ T T T T _ T T T T _ T T T T _ T T T T _ _ T T T _ T T T _ T T _
10 9 B 7 6 5 4 2 1 -0
- (RTINS - - Mooy
4.13 8.7629.37 1.39 21.42 12.21
8.024.37 2.35 .89 57 1.93
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socond MR after ompd purifiod with Isolara for sacond tima

sampla: ME 1 55 2
gampla ID: 5 20100226 07
Fila: fhomo/walkep/data/Mahmood/ME 1 55 2/proton_001. £id

Pulsa SG(uANca: S2pal

solvant: cdcl®

Tamp. 25.0 C F 298.1 K
oporator: Manmood
Fila: Froton 001
vRs-500 "CEE-E153R-2"

Rolax. delay 1.000 sac
Fulso 45.0 dogrocs

ACg. time 2.049 sec

Width £012.8 Bz

22 rOpatitions

cESERVE  E1, 490.7043352 ME:
DATA PROCESZING

Ros0l. onhancomont -0.0 Hz
FT siza 65536

Total timm 1 min, 44 540
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socond MMR aftor CEpd purifiod with Isolara for BQCOnd timo

samplo: MK 1 55 2
sampla ID: 8_20100226_07
Fila: /homa/walkop/data,/Mahmood/Me_1_55_2/provon_001. £id

Pulsa SoCuenca: sipul

solvant: ocdcl2

Tamp. 25.0 c / 2931 K
oparator: Mahmood

Fila: Froton 001
vEMRS-500 "CEE-EL53R-2"

Folax. dolay 1.000 sac
Fulsa 45.0 dogroos

ACg. time 2. 049 sac

width E012.8 Ez

32 ropotitions

CESZRVE  E1, 499.7243952 ME=
DATA PROCEESSING

F@s50l. anhancomone —0.0 Hz
FT Sizn 65536

Toral time 1 min, 44 sac

—

e

6.0 5.8 5.6 5.4 5.2 5.0 4.8 4.6 4.4 4.2 4.0 3.8 ppm

. E—— D —
51.18
48.82
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socond MMR aftor CEpd purifiod with Isolaza for Eocond timo

sampla: M= 1 55 2

sampla ID: 8 _2010022¢ 07
Fila: fhoma/walkup/dita/Mahmood/ME 1 55 2/provon 001. £id

Fulsad S5GQuAnca: S2pu

solwant: cdcl3
Tamp. 5.0 © f 298 .| K
oporator: Mahmood
Fila: Proton 001
VHMRS-500 "CEE-E1533-2"

Ralax. dalay 1.000 |gac
Pulsa 45.0 degraas
ACH. tiFe 2. 049 5&
width 8012.8 Ex

32 ropotitions

OBSERVE  H1, 490 THH3052 ME:
DATA PROCEESSING
RoS0l. anhancemant [HO. 0 Hz
ET 5izd 65536

32

Total timo 1 min, 44||ssc
K
e
L ——~
Y | S P
[T T T T T[T T T T T T T T[T T I T [T T T [T I T T[T T T T[T T T T T T[T T T I T T T [T T[T I T T[T I T[T T T T[T T[T T T T[T T T I T T T T [TT T T [T T T [ TT T I TTTT
2.6 2.4 2.2 2.0 1.8 1.6 1.4 1.2 1.0 0.8 0.6 FEM
L [EE— | I (]
54.74 13.m

6.57 4.92



sampla: Mm 1 58
sampla ID: 5 _20100916_10
Fila: /homa/walkop/datd /Mahmood/ M1 59/Protd

Fulse sequenca: s2pul

solwant: cdcl2

Tamp. 25.0 C f 298.1 K
oporator: Manmood

Fila: Froton 001
viRs-500 "CEHE-E153R-2"

molax. dolay 1.000 sac
Pulsa 45.0 dograas

ACh. tilio 2.049 BGC

width B012.8 Hz

32 ropatitions

CESZRVE  H1, 499.7843343 ME=z
DATA PROCESSING

R@s0l. enhancemont -0.0 Hz
FT 5izn 65536

Total timo 1 min, 44 s5QC

Compound: 1b

OH

W N NN e

0.72 4.812.5B.

52 1.74

1.65 2.928.301.89

10,482
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sampla: M 1 58
sampla ID: 5 _20100916_10
Fila: /homa/walksp/data  Mahmoend/ /M 1 59/proton_001. £id

Fulse Saquanca: Sipul

solwant: cAcl3

Tamp. 25.0 c f 2881 K
oporator: Mahmood

Fila: Proton_001
vEMRE-500 "CEE-E153R-2"

Folax. dolay 1.000 sac
Fulsa 45.0 dogracs

ACg. timo 2,049 soc

Wigth £012.8 Bz

32 ropatitions

oBSERVE  E1, 499.7843%43 MEz
DATA FPROCEESING

ROS0L. anhancomont -0.0 Hz
FT siza 65536

TOotal timo 1 min, 44 soC

N

=
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sampla: ME_1 59
sampla ID: 5 20100916 10
Fila: /homa/walkop/data/Mahmood/ME 1 58/Proton_001.fid

Fulse Saquanca: Sipul

solwant: cdcl3

Tamp. 25.0 c f 2881 K
oporator: Mahmood

Fila: Proton 001
vEMRE-500 "CEE-E153R-2"

Folax. dolay 1.000 sac
Fulsa 45.0 dogracs

ACg. timo 2,049 soc

Wigth £012.8 Bz

32 ropatitions

oBSERVE  E1, 499.7843%43 MEz
DATA FPROCEESING

ROS0L. anhancomont -0.0 Hz
FT siza 65536

Total timg 1 min, 44 s6C
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Samplo: M 1 59
Sampla ID: S _A0100916_10
Fila: /homo/walkop/data/Mahmood /MK 1 59/Froton 001.fid

Fulss Soguancd:

s2pul

solwant: cdcol2

Tomp. 25.0 C(Ff 298.1 K
oporator: Mahmood

Filo: Froton (ol
VIMRS-500 "CHE-E153R-27

Rolax. dolay [1.000 sac
Fulsa 45.0 dggraas
ACg. timo 2,049 socC
wWidth B012.8 [Hx

32 ropotitions

OBSERVE Hl, (499 7843543 MEz
DATA PROCESSING
Rmos0l. enhandomont —0.0 Hzx

FT Si=0 65536

Total time 1 min, 44 sac
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gampla: Mm-1-27-Fk 1 Repurif
sampla ID: 5 _20101001_16
Fila: Jhoma/walkop/data/Mahmood/Me-1-27-Fk_1_Rapurif/rproton _001.£id

Fulsg S6quanca: S2pul

solwont: cdol¥

Tamp. 25.0 c f 258.1 K
oporator: Mahmood

Fila: Proton_001
VEMRE-500 "CHEE-E153R-2"

rolax. dalay 1.000 sac
Fulsa 45.0 dogToos

ACG. timo 2.049 sac

Width £012.8 Bz

32 ropatitions

OBSZRVE  E1, 499.7843943 ME=
DATA PROCESSING

F@s0l. enhancement -0.0 Hez
FT 5izo 65536

Total timo 1 min, 44 s0C

mpound: 2a

3

1
J J J
—l— 1 h iy J _r.
T 1T [ T T T T [ T T T T [ T T T T [ T1 1 T T T T [ T T 1 I T T T
8 7 & 5 4 3 2 1 =0
B Lt W s b - L Ea
1.68 0.40 0.g7 0.39 2.93 1.81
1.7 92 1.67 3.00 .59 a9
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gampla: ME-1-27-Fk 1 Ropurif
Zamplo ID: 5_20101001_16
Fila: /hOma/walkuD/data/MANMoO0/ ME-1-27-Pk_1_ROfmrif/Proton_001. £id

Fulse Saquanca: Sipul

solwant: cdcl3

Tamp. 25.0 c f 2881 K
oporator: Mahmood
Fila: Proton 001

VHMRE-500 "CEE-E153R-2"

Folax. dolay 1.000 sac
Fulsa 45.0 dogracs
ACg. timo 2,049 soc
Wigth £012.8 Bz

32 ropatitions

OCBSERVE B, 499.7843943 MEz

DATA FROCEEZING

Fos0l. anhancomont —0.0 He

FT Sipa 65536

Total timo 1 min, 44 s2C

m

7.8 7.7

1
1.68

7.6

7.5

7.4

7.2

7.1

7.0

6.9

6.8
[
o.87

6.

7

6.6 PEm

1

1.67
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sampla: ME-1-27-Fk 1 Rapurif
samplo ID: 5_20101001_16
Fila: /hOma/walkup/data, /Mahmood/ ME-1-27-Fk_1_Ropurif/Proton_001. £id

Fulse sequenca: sipul

solwant: cdcl2

Tomp. 25.0 © f 298.1 K
oporator: Manmood

Fila: Froton 001
vHEMRs-500 "CHE-E153R-2"

molax. dolay 1.000 sac
Pulsa 45.0 dogracs

ACY. timo 2.049 sac

width B012.8 Ex

32 rapatitions

GESERVE  H1, 499.7843943 ME:z
DATA PROCESSING

F@s0l. enhancement -0.0 Hez
FT 5izo 65536

Total tilo 1 min, 44 saC
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sample: Mm-1-27-Fk 1 Rapurif
sample ID: 5_20101001_16
Fila: /home/walkup/daca/Malmood/ Me-1-27-Fk_1_R&purif/Proton_001.fid

FPulsa SoCuanca: S2pul

solvant: cdclZ

Tamp. 25.0 © f 298.1 K
oporator: Manmood

Fila: Froton 001
vEMRE-500 "cEE-E153R-2"

Folax. dolay 1.000 sac
pulse 45.0 dogroos

ACG. timo 2.049 sac

width BO12.8 B

32 ropotitions

CESERVE  E1, 499.7843943 ME:z
DATA PE SING

Fras0ol. ephancemont -0.0 Hz
FT sizn 65536

Total timp 1 min, 44 sac

w Y
Bt _h u |
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2.6 2.4 2.2 2.0 l.8 1.6 1.4 1.2 1.0 0.8 0.6 0.4 0.2 0.0 ppm
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Zampla: ME 1 61
sampla ID: 5 20101203 12
Fila: /homo/walkop/data/Mahmood/ME 1 61/Froton 001.£id

FulSa SGQuANcad: S2pul

solwant: cdcl?

Tamp. 25.0 ¢ f 2981 K
oparator: Mahmood
Filo: Proton 001
viMRs-500 "cEE-gi53R-2"

Folax. dolay 1.000 sac
Fulsa 45.0 dograps

ACg. time 2.049 pac

Width E01Z.8 Ez
32 repetitions
oESZRVE  H1, 499 7243960 ME=
DATA PROCEEZING
Fos0l. gnhancomopt -0.0 Hz
FT 5izn 65536
Total timo 1 min,| 44 saC

Hyc

Compoynd: 2b
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sampla: M 1 6L
sample ID: 8 20101203 _12

Filo: fhomo/walkop/data/Mahmood/Me 1 61/Froton 001.fid

Fulsd SG0uAnca: S2pul

solvont: cadcl?

Tamp. 25.0 c / 2931 K
oporator: Mahmood

Fila: Proton_001
VHMRE-500 "CEE-ELS3R-27

ralax. delay 1.000 sec
Fulsa 45.0 dogroos

ACg. time 2.049 sac

Width £012.8 Hz

32 ropotitions

OBSZRWE  E1, 499 7243960 ME:
DATA FROCEESING

RDE01l. anhancoamont -0.0 Hz
FT sizo 65536

Toral timo 1 min, 44 sac

WI-I
"
- In‘\ul
W i f
___________________________________________________________________________________________________________
7.8 7.6 7.4 7.2 7.0 6.8 6.6 6.4 6.2 6.0 Ppm
0.30 0.42 0.16 0.84

0.36 i.03 .31 1.67

42



samplo: M 1 61
samplo ID: 8 20101202 12
Fila: /homa/walkup/data/Mahmood/ e 1 61/Froton_001. £id

Fulsa Soquance: Sipul

solwant: cdcl3

Tamp. 25.0 C f 298.1 K
oparator: Mahmood
Fila: Proton 001
VHMAE-500 "CEE-E153R-2"

ROlax. Oolay 1.000 sac
Fulsa 45.0 Cograss

Acg. time 2.049 sec

width 8012.8 Ex

32 ropatitions

OBSERVE  E1, 49% 7843960 MHz
DATA PROCEEZING

R@50l. anhancemont: —0.0 He
FT Sizo 65536

Total time 1 min, 44 sac

-

5.0 4.8 4.6

L ——
0.g3

4.4 4.2 4.0 3.8 3.6 PPm

L —— ——_———E—
0. 56
3.00

43



sampla: ME_1 61
samplo ID: 5_201012032 12
Fila: Shomd/wallosp/data Mahmeod/Me_1_61/Proton_001. £fid

Fulsd S0uanca: S2pul

solvant: cdell

Tomp. 25.0 ¢ f 298.1 K
oparator: Mahmood

Fila: Froton 001
VEMRS-500 "cEE-E153R-27

rolax. dolay 1.000 sac
Fulsa 45.0 G0QTaQs

ACy. timo 2.049 soc

wWidth 2012.8 Bz

32 ropotitions

OBSZRWE  H1, 499.7843960 ME=
DATA PROCESSING

F2sol. onhancamont -0.0 Hz
FT sizo 65526

Total time 1 min, 44 sec
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Sampla: B 1 41
gsampla ID: 5_20100212 07
Fila: /homa/walkop/data/Mahmood/Me 1 41/Froton 001.fid

PulSa SOuANCG: S52pul

solwant: cdcl3

Tamp. 25.0 c f 298.1 K
oparator: Mahmood
Fila: Proton 001
vHMRS-500 "CEE-E153R-2"

molax. dolay 1.000 BGC
Pulse 45.0 dogroos
ACg. tiBo 2.049 Bac
Width BO01Z.8 EHz

22 ropotitions
oESERVE  E1, 499.7243952 ME=z
DATR PROCEESING

ROS0Ll. anhancomont -0.0 He
FT Siza 65536

Totdal timo 1 men, 44 soc

-
1
; o0
' CH

Compound: 3a

1.

€1
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samplo: ME 1 41
sampla ID: 8 20100212 07
Fila: /home/walkop/data/HMahmood/ME 1 41/Proton_001.fid

Fulse Saquanca: Sipul

solwant: cAcl3

Tamp. 25.0 c f 2881 K
oporator: Mahmood

Fila: Proton_001
vEMRE-500 "CEE-E153R-2"

Folax. dolay 1.000 sac
Fulsa 45.0 dogracs

ACg. timo 2,049 soc

Wigth £012.8 Bz

32 ropatitions

oBSZRVE  E1, 499.7843952 MEz
DATA FPROCEESING

ROS0L. anhancomont -0.0 Hz
FT siza 65536

Total timg 1 min, 44 s6C

Lc Al

i . W
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sampla: ME 1 41
samplo ID: 5_20100212 07
Fila: Shomd/wallksp/data Mahmeod/Me_1_41/Proton_001. £id

Fulsd S0uanca: S2pul

solvant: cdell

Tomp. 25.0 ¢ f 298.1 K
oparator: Mahmood

Fila: Froton 001
VEMRS-500 "cEE-E153R-27

rolax. dolay 1.000 sac
Fulsa 45.0 G0QTaQs

ACy. timo 2.049 soc

wWidth 2012.8 Bz

32 ropotitions

OBSZRWE  H1, 499.7843952 ME=
DATA PROCESSING

F2sol. onhancamont -0.0 Hz
FT sizo 65526

Total time 1 min, 44 sec

»
iy

-

-
i

S

3.8 3.4 3.2 3.0 2.8

2.6

2.4

L T—

3.

oo

2.2

2.0

1.8

1.8

1.4 1.2 ppm

L —

1.61
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sampla: ME_1 63
gampla ID: 5 _201012032_10
Fila: /homo/walkep/data / Manmood MK 1 63/Froton 001.£id

Ful5d SGCuANCE: S52pul

E0lvalt: CACLE

Tamp. 25.0 c f 258.1 K
oporator: Mahmood

Fila: Proton_001
vEMRE-500 "CEE-E153R-2"

Rolae. dalay 1.000 sac
pulsa 45.0 dogracs
ACY. tibo 2.049 sac
width B012.8 Hz

32 ropatitions
OBSERVE  H1, 499.7843943 ME:
DATA PROCESSING
R250l. anhancomane —0. Hx
FT 5izn 65536

Toral tims 1 min, 44 53|

Br

n
T
F Br CH

Compound: 3b
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Samplo: ME 162
sampla ID: 8 20101203 10
Filo: /Shomo/walkop/data/Mahmood/Me 1 62/Froton 001.£id

FulSd SGuANCS: S2pul

E0lvoNlt: CACLE

Tamp. 25.0 c f 298.1 K
oparator: Mahmood

Fila: Proton_001
VEMRE-500 "CEE-EL153R-2"

Falax. dalay 1.000 sac
Fulsa 45.0 dogrogs

ACy. time 2.049 sac

Width 2012.2 Ez

32 ropotitions

OBSZRVE  H1, 499.7843943 MH:
DATA PROCEESING

FoS0l. anhancoamont -0.0 Hz
FT sizo 65536

Toral tims 1 min, 44 sac

j s

lu__iﬁ Al A

LN I,

49

8.0 7.8 7.6 7.4 7.2 7.0 6.8 6.6 Ppm

 E—— |
1.67 1.59




samplo: M 1 63
sampla ID: &5 0101202 10
Fila: /homa/wallkop/data /Mahmood/ME_ 1 63/Froton_001. £id

Fulsa soquancey SZpul

solvant: cdcl)
Tamp. 25.0 © 298.1 K
cparator: Mahmpod

Fila: Proton_0Opi
VHMRS-500 "CHE-E153R-27

Ralax. dalay L.000 sac
Fulsa 45.0 dofiraas
ACy. time 2.089 sec
width BO01Z.8 Rz

32 repetitionf
OBSEBRVE El, B99.7843%43 MH:
DATA PROCEESING
Ras0l. enhanchment -0.0 Hz

T Siza 63536 |f

Total time 1 mEn, 44 sacC

nu\__ - ]
o A 1

2.6 2.4 2.2 2.0 1.8 1.6 1.4 1.2 1.0 0.8 0.8 0.4 0.2 0.0 Ppm
— [E— | E—
3.00 0.50

1.43
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sampla: M 1 33
sample ID: 5 _20100205_05
Fila: /homa/walkuop/data/Mahmood/Me 1 23/Froton 001.f£id

PulsSd SOCUANCS: S2pul

eolwvant: cdcl2?

Tamp. 25.0 c / 2%3.1 K
oparator: Mahmood

Fila: Froton 001
VHMRE-500 "CEE-EL53IR-2"

Folax. dolay 1.000 sac
Fulsa 45.0 2ogToas

ACh. timo 2.049 sac

Width E012.8 Hz

32 repotitions

CESERVE  E1, 499.7844067 MEz
DATAR FROCES3IING

FoS01l. anhancoamont -0.0 Hz
FT Siza 65536

Toral timo 1 min, 44 soc

I

CH3

Compound: d4a

SRR RN
0.82277
1.471.670.91
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sampla: ME_1 23
samplo ID: 5_20100205_05
Fila: Shomd/wallosp/data Mahmeod/Me_1_23/Proton 001 . £id

Fulsd S0uanca: S2pul

solvant: cdell

Tomp. 25.0 ¢ f 298.1 K
oparator: Mahmood

Fila: Froton 001
VEMRS-500 "cEE-E153R-27

rolax. dolay 1.000 sac
Fulsa 45.0 G0QTaQs

ACy. timo 2.049 soc

wWidth 2012.8 Bz

32 ropotitions

OBSZRWE  H1, 499.7844067 ME=
DATA PROCESSING

F2sol. onhancamont -0.0 Hz
FT sizo 65526

Total time 1 min, 44 sec

0.8z 2.77
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sampla: M= 1 23
gampla ID: 8 20100205_05

Fila: /homd/walkop/data /Mahmeod/Me_ 123 /Froton_001. £id

Fulsa soCuanca: sZpul

solwvant: cdcl3

Tamp. 25.0 © f 298.1 K
cparator: Mahmood
Fila: Proton_ 001
VHMRS-500 "CEE-E153R-2"

Rolax. delay 1.000 sac
Fulso 45.0 dogroos

ACg. time 2.049 soc
Width £012.2 Ez

32 repetitions

cBSERVE  E1, 499 7044067
DATRA PROCEESSING

Ros0l. gnhancomont -0.0 H
FT size 65536

Total timo 1 min, 44 sacC

MHT

3
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sampla: ME_ 165
gsample ID: 8 20101203 13
Filo: fhomo/walkop/data/Mahmood/Me 1 65/Froton 001.fid

Fulsa S60uanca: s2pul

solvant: cdcl3

Tamp. 25.0 © f 298.1 K
Cporator: Manmood

Filg: Froton 001
VHMRE-500 "CHE-E153R-2"

Bolax. dalay 1.000 sac
Pulss 45.0 dogress

ACG. timg 2.049 sac

Width 2012.8 Hz

B Hﬁﬂﬁnwnu..n_q—ﬂ

CESERVE  E1, 490.7043050 MEz
DATA PROCESSING

m@s0l. anhancomone —0.0 Hz
FT sizo 65526

Toral time 0 min, 30 sac

Br O

=

CHz

Compound: 4b

’
(1 r
Ln—.—
ARl
T T T T T T T [ T T T T T T T T T
10 2 g8 7
- o
0.68 0.88.85

1.64 1.78 0.96
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sampla: ME_1 65
sample ID: 5 20101203 13
Fila: /homa/walkup/data /Mahmood/ M 1 65/Fzoton_001. £id

Fulsa SG0uANCa: S2pul

solwant: cdcl?

Tamp. 25.0 ¢ f 298.1 K
oporator: Manmood

Filo: Froton 001
VHMRE-500 "CHE-E153R-2"

rolax. dalay 1.000 sac
Pulss 45.0 dogroas

ACy. timo 2.049 soC

Width B012.8 Bz

B ropotitions

cBSERWE  E1, 499.7843950 ME:
DATA FROCEESING

RODS01l. anhancoamont -0.0 Hz
FT size 65536

Total tillo 0 min, 30 saC
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sampla: ME 1 65
gampla ID: 5 20101
rila: /homafwalkup

Ful5d SGCuANCa: 52

solwant: cdcl3
Tamp. 25.0 © f 28
Cporator: Manmood
Fila: Proton 001
vHMRsS-500 "cEE-EL

rolax. dalay 1.00
Pulsa 45.0 degrea
ACG. timg 2. 049 59
Width 8012.8 Hz

B ropatitions
OBSERVE E1l, 499,
DATA PROCEESING
RoS50l. anhanoomo
FT 5izG 65536
Total timo 0 min,

fal

.1

3R

03_13
data/Mahmood/ME_1_65/Proton_001.fid

-4

—gm

sac

_Nm.m__mn_ MEz

0.0 Hx

sac
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0. .
7
sampla: MK 1 49 a
5 20100212_19 CH

sampla ID:
Fila: /home/walkep/dara/Mahmood/ME 1 43/Proton 001. £id Br

FulSa SGOUANCG: SZpul Compound: 5a

solvant: cdcl3

Tomp. 25.0 C f 298.1 K
oporator: Mahmood

Filo: Froton 001
vEMRE-500 "CEE-E153R-2"

3

Rolax. dolay 1.000 sac
pulsa 45.0 degross

ACg. time 2.049 sec

Width B012.8 Ez

32 ropotitions

OBSZRVE  H1, 499.7843952 ME=
DATA PROCEESING

r@s0l. gnhancomont -0.0 He
FT 5izg 65536

Total time 1 min, 44 sac

57
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1.56 1.74.58
0.@E31 0.80



Sampla: M 1 48
gsampla ID: 5_20100212 19
Fila: /homa/walkop/data/Mahmood/Me 1 4%/Froton 001.£id

PulSa SOuANCG: S52pul

solwant: cdcl3

Tamp. 25.0 c f 298.1 K
oparator: Mahmood
Fila: Proton 001
vHMRS-500 "CEE-E153R-2"

molax. dolay 1.000 BGC
Pulse 45.0 dogroos

ACg. tiBo 2.049 Bac

Width BO01Z.8 EHz

22 ropotitions

oESERVE  E1, 499.7243952 ME=z
DATR PROCEESING

ROS0Ll. anhancomont -0.0 He
FT Siza 65536

Totdal timo 1 men, 44 soc
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sampla: ME_1 49
samplo ID: 5_20100212_19
Fila: /homa/walkup/data,/Mahmood/ M 1 49/ Froton|

FPulsa SoCuanca: S2pul

solvant: cdclZ

Tamp. 25.0 © f 298.1 K
oporator: Manmood

Fila: Froton 001
vEMRE-500 "cEE-E153R-2"

Folax. dolay 1.000 sac
pulse 45.0 dogroos

ACG. timo 2.049 sac

width BO12.8 B

32 ropotitions

OESERVE  E1, 499 7843952 ME:
DATA PROCESSING

E@s0l. enhancemont -0.0 Hz
FT 8izn 65536

Total timo 1 min, 44 sacC

Z

| D01 £id

—

,r iy

3.0 2.8 2.6

2.4 2.2 2.0 l.8 l.6 1.4 1.2 1.0 ppm

| I | E—
3.00

0.55
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Samplo: MK_1 67 i
sampla ID: 5 20101203 11 o
CH

Filo: fhomo/walkop/data/Mahmood/ME 1 67/Froton 001. £id Br

Fuls0o SOQoOnCco: S2pul
T e Compound: 5b
solwvont: cdcl2
Tamp. 25.0 ¢ 7 298.1 K
oparator: Mahmood
Fila: Froton 001
vHMRE-500 "CEE-E153R-2"

molax. dolay 1.000 sac
Pulse 45.0 degracs

ACq. timo 2. 049 Bac

width E012.8 Ez

32 ropetitions

CESERVE  E1, 499.7843347 ME:z
DATA FROCEESING

Rosol. gonhancomont -0.0 Hz
FT siza 65536

TOotal timo 1 min, 44 s50C

Ly
i.70 1.86.70
0.@Em24 0.79
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sampla: M 1 67
sampla ID: & 20101203 11
Filo: /homo/walkop/data/Mahmood/MK 1 67/Proton 001.£id

Fulsd SG0mANCa: S2pul

solvont: cdcl2

Tamp. 25.0 c / 2931 K
oparator: Mahmood

Fila: Proton 001
VHMRE-500 "CEE-ELS53R-2"

rolax. dalay 1.000 sac
Fulsa 45.0 degreas

ACG. timo 2.049 soC

Width £012.8 Bz

32 ropetitions

OESZFVE  E1, 499.7243947 ME:z
DATA FROCEEB3ING

R@s0l. gnhancomont -0.0 Hez
FT size 65536

Total tilio 1 min, 44 sacC

e

7.9 7.8 7.7 7.6 7.5

L ———
1.70

7.

4 7.3 7.2
L

7.1 7.0 6.9 6.
| B —

1.e8 1.70

0.87 0.24

8

6.

7

FEm
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sampla: ME_1 67
sampla ID: 5 20101203 1
Fila: /homa/walkep/daty

FulSd S5GQuANCE: S2pul

eolwant: cdcl?

Tamp. 25.0 ¢ f 2%3.1 H
oporator: Manmood

Fila: Froton 001
VHMRS-500 "CEE-E153R-J

Rolax. dolay 1.000 sad
Pulsa 45.0 dogracs
ACy. timo Z.049 sac
width B012.8 Bz

32 ropatitions
cRSERVE  H1, 499.72439
DATA FPROCEESING

ROS0L. anhancomont -0.
FT 5iza 65536

Total tiEo 1 min, 44 sq

i
| Hanmood, /ME_ 1 67/FProton 001, £id

17 ME=z

Hz
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