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Introduction

The proposed project seeks to develop a synthetic methodology for the formation of
a wide variety of four-membered ring heterocycles. Many important organic compounds,
such as amoxicillin (Fig. 1} and other pharmaceuticals, contain four-membered rings but
there is no known comprehensive method in which a chemist can make any four-membered
ring. An efficient pathway for producing four-membered ring heterocycles would be an
invaluable tool in the synthesis of a variety of interesting and potentially useful organic
compounds.
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Figure 1, Amoxicillin

Cycloaddition reactions are commonly used to construct rings in organic synthesis.
For example, alkenes can combine with 1,3-dipoles to form five-membered rings (Fig. 2)™
This project will study the feasibility of a new cycloaddition reaction using carbenes and

1,3-dipoles to form four-membered rings.
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alkene + 1,3-dipole = 5-membered ring carbene + 1,3-dipole = 4-membered ring 777
Figure 2. Cycloaddition Reactions
Proposed Research
The first step of this project will be to synthesize a 1,3-dipole to be used in the
cycloaddition reactions. The nitrone shown in Figure 3 was chosen as a suitable 1,3-dipole
because it is a stable solid and can be synthesized in one step from the amine using sodium

tungstate and hydrogen peroxide?



nitrone
Figure 3: Synthesis of the 1,3-Dipole

Next carbenes of two different reactivities will be synthesized. First we will make a
Fischer carbene which is an electrophilic carbene that possesses stabilizing pi-donor
groups.? The Fischer carbene will be synthesized by using a coordinated metal
(molybdenum or tungsten) and combined with a methyl-lithium and a methylating agent
(Fig. 4). In contrast, Schrock carbenes are characterized as nucleophilic and carry hydrogen
atoms or alkyl groups as substituents on the carbene ligand.? The Schrock carbene will be
synthesized by combining the Tebbe reagent with pyridine in order to get a carbene

intermediate as displayed in Figure 5.4
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Figure 4: Synthesis of the Fischer Carbene
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Figure 5: Synthesis of the Schrock Carbene

Finaily, the 1,3-dipole and the carbenes will be combined to see if they will form
four-membered rings (Fig. 6). The synthesis will be performed under varying temperatures,
for varying lengths of time, and in different solvents, so that we will know which conditions
are the best in regards to this synthesis. Once the product is formed it will be analyzed
using NMR and mass spectroscopy in order to determine the connectivity and cyclic nature

of the product. If enough time remains, other carbenes and 1,3-dipoles will be attempted.
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Figure 6: Proposed Synthesis of Two Four-Membered Heterocycles using the 1,3-

~Dipole and Schrock and Fischer Carbenes

Potential for Education and Role of Student and Faculty Mentor

The opportunity to do this research project and perform organic and inorganic
synthesis is very important to me because I plan to study organic and inorganic synthesis in
graduate school. The synthetic and instrumental training that Dr. Predecki will provide me
with will not only be key to my success as a graduate student in the future, but also be key
to success in NMR spectroscopy and synthesis during this research project. Through this
project Dr. Predecki and I will work in the lab at least three times a week in order to
progress and perform this project in an efficient manner. Additionally Dr. Predecki and
will present this research at the National Meeting of the American Chemical Society in New
Orleans, LA in April 2013, which will give me an opportunity to practice my presentation

skills at a large research conference attended by thousands of chemists.
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Detailed Budget

Chemicals and Supplies

Tebbe's Reagent 25 mL

Methyl Lithium 1.6 molar 100 mL
Methylating agent (F30S02CH3) 10g
Sodium Tungstate 50g

Pyridine 100 mL

Poster Printing

Subtotal for Supplies

$202.50
$64.10
$76.30
$55.30
$100.80
$40.00

$539.00

Student Travel Expenses for the ACS Meeting in New Orleans, LA (Spring 2013)

Airfare

Airport Shuttle

Lodging (sharing with another student)
Food

Registration

Subtotal for student travel

Travel for Dr. Predecki to ACS Meeting

Total Amount Requested

$400.00

$40.00

$405.00 (3 nights)
$100.00 (4 days)
$100.00

$1045.00

$400.00

$1984.00
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