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Breast cancer is the most diagnosed form of cancer in
women in the United States. It is estimated that on average, every
two minutes a woman is diagnosed with breast cancer; and one
woman will die of the disease every thirteen minutes. Many anti-
cancer drugs used to clinically treat breast cancer mediate tumor
cell death through the initiation of apoptosis. Multidrug-resistance
is a major cause of cancer chemotherapy failure in clinical
treatment. As a result, molecular pathways involved in tumor cell
proliferation, including the ceramide signaling pathway, have
become potential targets for pharmacological intervention.

Ceramides have been shown to potentiate signaling events
that drive apoptosis, autophagic responses, and cell cycle arrest.
Ceramide analogs can be designed to inhibit ceramide-
metabolizing enzymes in order to increase intra-cellular ceramide
levels in cancer cells, leading to increased cell death. Our
approach is to design and synthesize such ceramide analogs. Some
of our synthesized analogs have been shown to have greater
efficacy and specificity than endogenous ceramides. Evidence
shows that multidrug-resistant cancer cells are as sensitive as
corresponding regular cancer cells under the exposure to some of
our anti-cancer ceramide analogs.

Previously, a number of ceramide analogs with a flavone
moiety on the backbone were synthesized. Initial docking studies
showed that flavone moieties are too big for the binding pocket of
human ceramidase. Coumarin-containing ceramide analogs,
however, are smaller in size, and are expected to have increased
efficiency along with self-fluorescence. For this project, new
ceramide analogs containing a coumarin moiety on the sidechain
were synthesized in order to study their biological activities.

Introduction

0,

“ Each year approximately 252,710 women and 2,470 men in
the United States alone are diagnosed with breast cancer, and
40,500 women and 460 men are estimated to die from the
disease.

0,

“ Even though Caucasian women have higher diagnosis rates,
African Americans and other minorities have higher mortality
rates.

“ Current treatments for breast cancer include mastectomy,
radiation therapy, chemotherapy, and hormonal therapy.
However; there is a great need for more effective and less
toxic treatments.

“ Previously, ceramide analogs with flavone on the N-sidechain

were synthesized.

< New ceramide analogs containing a coumarin moiety on the
N-sidechain were synthesized for this project.

Rational Drug Design

Proposed o~
N™ "CysHz7

Research HO/\‘)kH
HO CgH T Cistr HN
My — o

Jos
=

0~ O
Flavone Ceramide

Coumarin Ceramide
Self-Fluoroscence

ICsp value range of 12 - 30 yM

Synthetic Strategy
/ HO/\‘N),_?E/\CmHm

NH, ceramide

o \
0.0
o .
coumarin-ceramide O\)LOH
coumarin moeity

PN
HO N CiaHa7

° |

Synthesis and Biological Evaluation of New Ceramide Analogs
Karyn Wilson, Camilla Do, Tulasi Ponnapakkam, Ph.D., Navneet Goyal, Ph.D.,

and Maryam Foroozesh, Ph.D.

Department of Chemistry, Xavier University of Louisiana, 1 Drexel Dr., New Orleans, LA 70125
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Scheme 1: Synthesis of ceramide backbone 4

The amide bond formation reaction was performed in a 100 mL round bottom flask under nitrogen atmosphere. L-Boc-serine 1 (0.500 g,
2.436 mmol) was dissolved in 30 mL of dichloromethane. N-Methylmorpholine (0.8035 mL, 7.308 mmol, 3.0 eq.), the base, was then added
using a syringe. 1-Ethyl-3-(3-dimethylaminopropyl)carbodiimide (0.5138 g, 2.680 mmol, 1.1 eq.) and hydroxybenzotriazole (0.3621 g, 2.680
mmol, 1.1 eq.) were then added as coupling reagents. Corresponding tetradecyl amine (0.6358 g, 2.680 mmol, 1.1 eq.) was then added to
allow the product to form. The reaction was left overnight before concentration followed by purification.
Boc-deprotection of the intermediate was then performed in a round bottom flask under nitrogen atmosphere. Boc-ceramide (2.0 g) was
dissolved in 50 mL of dichloromethane. The flask was then lowered into an ice bath to allow cooling before adding trifluoroacetic acid (4.0
mL) dropwise. The mixture was left to react for 3 hours before extraction. The product was concentrated on a rotary evaporator and dried
under high vacuum. ©
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Scheme 2: Synthesis of N-terminal side chain utilizing N-hydroxycoumarin

The first part of this reaction is performed in a round bottom flask in an oil bath. The starting material, 4-hydroxy-coumarin was dissolved in
acetone. Potassium carbonate (2.557 g, 18.501 mmol) was then added. After five minutes of stirring, ethyl bromoacetate was added to the
reaction mixture. The reaction was left overnight. The ester intermediate (6) was dissolved in methanol in a round bottom flask. Aqueous
potassium hydroxide was then added to the reaction, which initiated the hydrolysis. The reaction was left overnight. TLC determined that the
desired product did not form. Tetrahydrofuran was then used as the solvent for the reaction in place of methanol. TLC determined that again
the desired product did not form. We noticed that either ring opening, or transesterification is t%king place.
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Scheme 3: Synthesis of coumarm-ceramide 9

Commercially available coumarin containing carboxylic acids were used to achieve the targeted final compound. The amide formation
reaction was conducted in a 100 mL round bottom flask under Argon gas. 2H-Chromene-3-carboxylic acid 8 (0.200 g, 1.135 mmol) was
dissolved in 30 mL of dichloromethane. N-Methylmorpholine (0.6239 mL, 5.675 mmol, 5.0 eq.), the base, was then added using a syringe. 1-
Ethyl-3-(3-dimethylaminopropyl) carbodiimide (0.2394 g, 1.249 mmol, 1.1 eq.) and hydroxybenzotriazole (0.1688 g, 1.249 mmol, 1.1 eq.)
were then added as coupling reagents. Corresponding ceramide backbone 4 (0.3753 g, 1.249 mmol, 1.1 eq.) was then added to allow the
product to form. The reaction was left overnight before extraction and purification by recrystallization. Other commercially

available coumarins used were coumarln -3-carboxylic acid, 7 methoxy- coumarln carboxylic acid, 7 methoxycoumarin-4-acetic acid, (7 methyl
2 oxo 2 2h chromen-4-yl)aceti e e reaction steps were performed with those

compounds.
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