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Chemistry 482 
Fall, 2011 

 
 
Instructor:  Professor Masato Koreeda 

Office: Room 2525 Chemistry 
E-mail: koreeda@umich.edu 
Office hours: 1-2 PM Mondays or by appointment 

 
GSIs: 
Section 101 (Room 2411) Section 102 (Room 2500)   
Emily Nelson Justin Tham 
E-mail: egnelson@umich.edu E-mail: wstham@umich.edu 
 
Lecture:  Thursday 1:10-2 pm in Room 1300 Chemistry  
 
Laboratory:  Tuesdays 1-5 pm, Thursdays 2-5 pm, Rooms 2411/2500 Chemistry 
    
Laboratory Books: 

• A bound lab notebook with alternating white and colored pages with carbon paper for 
keeping duplicate notes 
• A three-ring binder for storing course handouts, problem sets, and characterization data 
(NMR & IR spectra, etc) 

 
Text: 

The Synthetic Organic Chemist’s Companion Pirrung, Michael C. 
John Wiley & Sons, Hoboken, New Jersey; 2007. 

 
Additional Reference Books: 
 • Spectrometric Identification of Organic Compounds by RM Silverstein  

• Structure Determination of Organic Compounds by E. Pretsch, P. Bühlmann and C. 
Affolter, 4th Edition, Springer-Verlag. 

 
Grading 
 Your course grade will be based upon four written laboratory reports (40%), four 
problem sets (40%), and your GSI’s assessment of laboratory performance (20%).  The problem 
sets will largely be derived from lecture material.  During the lectures we will discuss the 
reactions used throughout your multi-step synthetic experiments and organometallic chemistry 
reactions and techniques, analytical techniques for monitoring reactions (TLC, GC, HPLC), 
analytical techniques for determining the identity and purity of your products (NMR, UV, IR, 
melting point, etc), and library skills.  Your laboratory performance grade will be evaluated 
based upon attendance, laboratory skills and techniques, preparedness, safety, and notebook. You 
are expected to spend the entire time period in the laboratory as well as the lecture. 
 
Note: University policy states that any course grade appeal must be made by the student within 
six months after the end of the academic year in which the original grade was assigned. 
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Safety 
 A chemistry laboratory is a place where you will frequently come into contact with 
highly flammable, toxic, caustic, and/or reactive materials. In order to work safely in this 
environment, stay aware and alert always. Understand the experiment you are running and the 
properties of the chemicals you are using.  Not only will this increase your safety, it will also 
increase your yields and efficiency in lab. Overall, always wear your safety glasses from the 
moment you enter the laboratory!! Also, carry out all work within the fume hoods, and be 
conscious of safety – not only of yourself but also of others around you. No sandals or other 
open shoes. 
 
• Familiarize yourself with the location of all exits, fire extinguishers, and eyewash fountains and 
showers.   
 
• You must wear eye protection at all times within the laboratory. 
 
• Never ever heat a closed vessel. Never apply heat to a flask or apparatus that has not outlet or 
vent. All reaction vessels must be vented in some fashion.  If this is not done, an explosion or 
eruption will result. 
 
• Do not apply vacuum to a large vessel. An implosion is just as dangerous as an explosion. 
 
• Use gloves routinely when handling chemicals.  In addition, wash your hands with soap and 
warm water frequently and always a final time at the end of the laboratory period.   
 
• Maintain a clean, organized bench and hood area. That means cleaning up at the end of every 
lab period by washing dirty glassware and labeling all reactions and products with your initials, 
compound name or structure, and your notebook code - for example: MAK-14 (Masato A. 
Koreeda, page 14).   
 
• Dispose of solvents, chemicals, and waste in the appropriate waste containers – when in doubt 
talk with your GSIs. Do not mix aqueous waste with organic waste. ABSOLUTELY 
NOTHING SHOULD BE POURED DOWN THE DRAIN. 
 
• If you are unsure of how to handle a chemical, set up a reaction apparatus, or use a piece of 
equipment, ask the GSI or me.   
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Lab notebook 
 An important component of your lab evaluation is the maintenance of a well-organized, 
clear laboratory notebook.  Not only will this help you be more efficient and effective in lab, but 
it will also make writing your lab reports a great deal easier. Each notebook page should be dated 
and the pages must be used consecutively.  Use only non-erasable ink to write in your notebook.  
Reserve the first 4 pages for your Table of Contents. We will check your notebooks weekly and 
this will be part of the laboratory performance portion of your grade. Below is a general 
schematic outlining how each experiment should be recorded in your notebook.  For each 
reaction you must include the following: 
  
1. A reaction scheme showing the starting materials and products (include stoichiometry). 
 
2. A table of all chemicals that will be used in the reaction, including molecular weights, 
densities (for liquids), reagent molarities (for solutions), measured quantities (mass or volume), 
number of moles, and the commercial source and purity.   
 
3. A list of other prepared materials necessary for the completion of the reaction (e.g., saturated 
sodium chloride or freshly distilled reagents). 
 
IMPORTANT:  Items 1-3 should be completed before you come to lab.  Use this to plan your 
time: decide what glassware you will need and make sure it is clean and dry.  If you need any 
solutions for the reaction or work-up, allot time for their preparation. 
 
4. A detailed description of your procedure, including the order and rates of addition of reagents, 
the times that events occur, the temperature of the reaction, and any other specific conditions. In 
addition, a drawing of the reaction apparatus should be included the first time a reaction is run.  
This should be written as you are doing the reaction (you will generally not remember accurately 
several hours later). 
 
5. Include all observations (e.g., change in color, temperature, solubility) as well as sketches of 
all TLC’s run both during and after a reaction. 
 
6. Include a description of all work-up and purification procedures. Remember not to discard 
anything until you are sure you have isolated the desired product. Indicate a crude yield as well 
as a yield of the purified product(s).  Tare your flasks and record the weight. 
 
7. A description of the characterization methods used to characterize your product(s) and the 
approximate purity.    
 
 For each synthetic step you carry out, save some material for characterization and storage 
as a “museum” sample. You will be expected to characterize each of your synthetic 
intermediates by 1H NMR, IR, UV (if relevant), optical rotation (if relevant), melting 
point/boiling point, TLC, and mass spectrometry. Label all spectra with the compound name or 
structure and your notebook code and store them in your binder.  For each compound, record all 
characterization data on the sheets provided and store them with your spectra.  
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Laboratory reports 
 The first laboratory report (Isolation and Identification of Two Unknowns) is due 
Thursday, October 6.  In general, the reports you submit should be written using a computer with 
structures generated using a program such as ChemDraw, and you should follow as closely as 
possible the style used in the Journal of Organic Chemistry (you can obtain access to this journal 
through the library and can peruse the format there for more details). This first laboratory report 
should include the following sections: 
 
1. Title. A short, descriptive title should be used. 
 
2. Name. Yours. 
 
3. Introduction.  What was the goal of this project?  
 
4. Results and Discussion. What experiments or procedures were carried out?  How did they 
turn out?  What are the structures of your unknowns? Describe in detail the reasoning process 
you used to assign the identity of your unknowns based upon your analysis of the spectral data 
you obtained. 
 
5. Experimental.  In this section, you describe explicitly how you carried out the purification 
and isolation of your two unknowns.  This should be written in the third person past tense.  Be 
sure to include all amounts of reagents used as well as to report the amount of each compound 
isolated.  Be mindful of significant figures.  For each compound in your experimental, you must 
include all data that were used to verify the structure of the product (IR, NMR, melting point, 
etc.) 
 
6. Acknowledgements. You should acknowledge all persons who have assisted you in carrying 
out the experiments or in preparing the manuscript. 
 
7. Appendix.  Include photocopies of characterization data sheets for all compounds described in 
your report.  Also include the 1H NMR, 13C NMR, and IR spectra for each of your compounds 
with the peaks labeled. 
 

The remaining two reports will be due exactly one week after the conclusion of the 
relevant laboratory work as decided in conjunction with your GSI. The following should be 
included in approximately the same order as listed below: 
 
1. Title. A short, descriptive title should be used. 
 
2. Name. Yours. 
 
3. Abstract.  A brief description of the experiment including the goal of the experiment and any 
important conclusions. 
 
4. Introduction.  Why are you doing the experiments in this report?  What is the relevant 
background information? 
 
5. Results and Discussion. What experiments/reactions were run?  How did they turn out?   
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6. Conclusions.  Did you achieve your goal?  If not, how could you alter the experiments to 
achieve success? 
 
7. Experimental.  In this section, you describe explicitly how you carried out each reaction such 
that a reader of your manuscript could reproduce your results.  This should be written in the third 
person past tense.  Be sure to include all amounts of reagents used as well as to report the yield.  
Be mindful of significant figures.  For each compound in your experimental, you must include 
all data that were used to verify the structure of the product (IR, NMR, melting point, etc.) 
 
8. Acknowledgements. You should acknowledge all persons who have assisted you in carrying 
out the experiments or in preparing the manuscript. 
 
9.  References. Include any and all pertinent references at the end of your report. 
 
10. Appendix.  Include photocopies of characterization data sheets for all compounds described 
in your report.  Also include the 1H NMR, 13C NMR, and IR spectra for each of your compounds 
with the peaks labeled. 
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Chemistry 482 Experiments, Fall 2011 
 
Experiment 1 
Isolation and Identification of Two Unknowns.   
The ability to isolate pure compounds from a mixture and structurally characterize the 
compounds using modern spectroscopic techniques is an essential skill for any chemist.  You 
will be given a mixture of two compounds of unknown origin.  You will first determine a good 
solvent system for purification using thin layer chromatography (TLC) and then use this solvent 
system to separate the mixture into two pure components with flash chromatography.  You will 
characterize the pure components spectroscopically and use this information to determine to the 
structure/identity of each of the components.  Key techniques: purification by flash 
chromatography, structure determination using 1H NMR, 13C NMR, IR, and mass spectrometry. 
Four laboratory periods (9/8 – 9/15) are allotted for this experiment. 
 
Experiment 2  
Asymmetric Synthesis of a Steroid Precursor: Preparation of an Optically Active Indandione. 
Steroids are an important class of biologically active organic molecules and a variety of synthetic 
approaches to the core ring systems have been developed.  You will carry out the synthesis of a 
key precursor of the steroid androstenone.  In the key step, achiral trione 3 is converted to dione 
5 in a proline-catalyzed intramolecular aldol reaction. Reaction types: Michael addition, acid-
catalyzed dehydration.  Key techniques: vacuum distillation, chromatography, Kugelrohr 
distillation, optical rotation.  Seven lab periods (9/20 – 10/11) have been allotted for the 
completion of this experiment. 
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Experiment 3 
Preparation of (R)-3-Methylcyclohexanone from (R)-Pulegone and Preparation of 2-
(Phenylthio)-5-methylcyclohexanones 
Formation of a regioselective enolate from a ketone is an important step towars the efficient 
synthesis of organic compounds.  In this experiment, you will first generate (R)-3-
methylcyclohexanone from (R)-pulegone (1) by a retro-aldol reaction.  Ketone 2 will then be 
treated with LDA at low temperature and the resulting kinetically generated enolate will be 
treated with an electrophile.  You will isolate the product, 3, and identify the structure, 
particularly its stereochemistry.  Key techniques: GC analysis of a product, titration of an 
alkyllthium reagent, kinetic enolate formation under anhydrous conditions, flash column 
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chromatography, assignment of the stereochemistry of a product by the use of NMR.  Six lab 
periods (10/13 – 11/3) have been allotted for the completion of this experiment. 
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Experiment 4 
 
Synthesis and Reactions of Ruthenium Olefin Metathesis Catalysts. Olefin metathesis is an 
extremely important metal catalyzed reaction used in inorganic, organic and polymer chemistry 
for the formation of carbon-carbon double bonds. In this project, you will prepare several 
inorganic ruthenium carbene complexes that serve as catalysts for olefin metathesis. You will 
then compare the reactivity of these catalysts in the synthesis of certain organic molecules. Key 
techniques: the handling of air- and water-sensitive chemicals, the synthesis and characterization 
of transition metal complexes, metal catalyzed synthesis of organic substrates. Nine lab periods 
(11/8 - 12/8) have been allotted for the completion of this experiment. 
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