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Chemistry 33, Organic Chemistry III, Majors’ Lab Section 
Spring Quarter, 2013                    Wednesdays, 1-5 PM, DS 126 
 
Instructor Amelia A. Fuller, Ph.D.     aafuller@scu.edu     office: Alumni Science 156                   phone: 554-4316 
   
Office hours  Mondays 3-5 PM, Thursdays 9-10 AM. Other times by appointment. 
 
Materials Bound laboratory notebook (available at bookstore) 
 Safety goggles 

Lab coat 
 
Objectives This course will introduce you to skills important for organic chemistry research. To do so, this course 

will meet the following objectives: 
1. Maintaining clear and detailed records of experimental work in a laboratory notebook. 
2. Designing and executing planned experiments. You will learn to use equipment and 

instrumentation, and will employ techniques not covered in prerequisite laboratory courses. 
3. Adapting literature procedures for the synthesis, purification, and identification of new organic 

compounds. 
4. Analyzing experimental results and adjusting experimental plans. 
5. Writing reports detailing experimental results. 

 
The Research Experience  

We will be working on all new experiments in the lab this quarter that are connected to work ongoing in 
my independent research laboratory (see details below). None of the molecules we will make has been 
made before. As such, we are exploring “uncharted territory.” I have chosen an experimental plan that I 
think is likely to work efficiently, but there is no guarantee that we’ll have success. Most likely, some 
experiments will work smoothly, while others will be less efficient or fail. If you choose to continue on in 
research in any field, you will cope with these same uncertainties, but I hope that you will also 
experience the excitement of learning something completely new along the way.  

Because we’re exploring new chemical reactions, it can be challenging to plan experiments that fit 
neatly into the four-hour lab period allotted to us each week. Sometimes you will reach a good stopping 
point before the official “end” of lab. From time to time, you’ll be expected to come into the lab outside 
of our meeting time to do a quick, straightforward procedure—sometimes this may be as easy as 
turning off the heat to a reaction, and sometimes you’ll need to allocate 15-30 minutes for a different 
task. To make this easier on you and to more closely replicate many research environments, you will 
work in teams in this lab.  

Our team approach to experimental work in this lab will also ensure that experimental results are 
reproducible. Most experiments will be done by at least one group to check that results are consistent 
between groups.  

The inherent uncertainty of research means that we have a general plan for experimental work this 
quarter, but it is quite flexible. With this in mind, I encourage you to think critically about the 
experiments you and your classmates are planning within the framework of our research goals (see 
below). If you have ideas about experiments to try, please talk to me. Your ideas and input are a 
valuable resource to this project. 

Because we’ll be working on new chemistry, it is IMPERATIVE that you keep careful records of your 
experimental work in this class so we know exactly what works and what doesn’t. You have started 
working on good lab notebook habits in chemistry 31 and 32, and you should hone these skills over the 
course of this laboratory experience. See below for additional details on lab notebooks. 
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Safety  
 No one is allowed in the laboratory without closed-toe shoes and pants. 

 Wear gloves, lab coats, and goggles at all times. You must be cautious in handling chemicals: many are toxic, 

carcinogenic, teratogenic, noxious, flammable, lachrymators, smelly, etc. Assume that all compounds are hazardous 

and treat them with respect. This is especially true for new, uncharacterized compounds. 

 Change gloves frequently, dispose of them in designated receptacle, and do not leave the lab wearing gloves. 

 Complete all work in the fume hoods. 

 If you are unsure about how to proceed safely, ask your lab instructor or the teaching assistant. 

 Be sure you know the location of the fire extinguishers, eyewash fountains, safety showers, fire blankets and the 

exits.  

 Part of a safe lab operation includes cleanliness; everyone is expected to help keep the lab clean. 

Waste 

 Chemicals must be placed in the waste container designated for our section. If you are unsure about any waste, ask 
 me. Disposing of chemicals in the wrong containers is potentially dangerous. 
 
Project Overview 

Logistics. Most weeks we’ll have a brief lecture in the lab. Depending on the work planned for that week, it may 
be at the beginning of the lab period or it may be coordinated with a long idle time during a given experiment. 
Additionally, you will be asked to research and present some of the specifics of the reactions you carry out to 
your classmates and post this information on Camino (e.g., explaining mechanisms for new reactions). These are 
not tests—you may use any available resource to be sure that your presentation is complete and clear. 

Education with a Real-World Application. You will carry  out multiple step combinatorial organic syntheses to 
create and characterize new molecules that can serve as potential drug leads. Our targets are a class of 
compound called “arylopeptoids.” We hypothesize that certain of these may be good antimicrobial agents, 
although successfully synthesized compounds may be sent to other institutions to be screened for other 
significant biological activity.  

 Combinatorial Chemistry. Combinatorial chemistry is an age-old approach to problem solving. It is most 
 powerfully exemplified in nature where a simple set of 20 amino acids, biochemically arranged in a 
 combinatorial fashion, affords the millions of peptides and protein structures required for life. Organic and 
 peptide chemists are now applying these same approaches in the laboratory. According to Curran and Wipf 
 (Chemical & Engineering News, p. 7, March 17, 1997) “Combinatorial synthesis is the intentional construction of 
 a collection of molecules based on logical design and involving the selective combination of building blocks by 
 means of simultaneous chemical reactions. The collection of molecules resulting from a combinatorial synthesis 
 is a combinatorial library.” 

Solid-Phase Chemistry. In combinatorial chemistry the need to carry out these multiple reactions on a small scale 
made the use of solid-phase chemistry attractive, and there has been much recent work on adapting traditional 
organic chemistry to the solid phase. Solid-phase chemistry was pioneered by Professor Bruce Merrifield in 
1963. For this work he received the Nobel Prize in Chemistry in 1984. He showed that the small scale (10-100 

mol) multistep synthesis of polypeptides could be simply and effectively carried out on a solid support, 
polystyrene beads, functionalized with a specific reactive group. The reactive group attached to the beads will 
undergo chemical modification. Because the insoluble beads don’t pass through a glass frit, the easy filtration 
work-up at each step permits the use of excess reagents, difficult solvents and, eventually, automation of the 
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complete synthetic process. At the end of the synthesis, the product is cleaved from the polystyrene beads. The 
beads are then separated from the desired product by filtration. 

 Distributed Drug Discovery. The idea of “Distributed Drug Discovery” (D3) was pioneered by Dr. William Scott to 
 address the need to develop drugs for diseases that overwhelmingly afflict populations in developing nations. In 
 the developed world, drug discovery has been fueled by the pharmaceutical industry where economic incentives 
 have financed the expensive equipment and procedures currently required.  Unfortunately because the world 
 burden of disease is disproportionately focused in poor nations, there is no economic incentive for the 
 pharmaceutical industry to discover drugs for diseases of the developing world. 

  The premise of the D3 concept is that by developing simple, inexpensive equipment and procedures for each of 
 the core drug discovery scientific disciplines (computational chemistry, synthetic chemistry and biochemical 
 screening), large research problems can be broken down into manageable smaller units and carried out at 
 multiple academic sites throughout the developing and developed world. The coordinated and recombined 
 results of these “distributed” resources will inexpensively accelerate the identification of leads in the early stages 
 of the drug discovery process. Additionally this “distributed discovery” effort will provide educational and job 
 opportunities in both the developed and developing worlds while building cultural and economic bridges for the 
 common good. 

 Experimental work. 

1. Solution-phase synthesis of arylopeptoid building blocks (submonomers) 

2. Design of arylopeptoids. 

3. Parallel synthesis of arylopeptoid arrays on solid support. 

4. Analysis of purity and identity of synthetic arylopeptoid products. 

5. Purification of extended peptoids. 

6. Characterization of extended peptoids (NMR, MS). 

 
Camino and other Resources 

All materials for this course including the syllabus, handouts, procedures, papers, and links to chemdraw 
software download, will be placed on Camino in the “Community Groups” section.  

An additional valuable resource you should be working with in this class is the ChemDraw software 
program. ChemDraw will allow you to have neat drawings of the molecules you make in this lab printed 
out, and it will calculate molecular weights for you, which will be quite valuable. You will be expected to 
make use of this software in this lab. You can download it from the link accessible on the Camino site. 
There is also a brief file giving tips on using ChemDraw posted on Camino, and you should consult this as 
you familiarize yourself with the program. 

Besides Camino, I will frequently communicate with the class via email. You are expected to maintain an 
active GroupWise email account and check it regularly.  

 
Grading Your grade will be based on your lab notebook, your in-lab presentations, work that you post online, and 

a final report for the course.  
  

Lab notebooks 
 Your lab notebook is the primary record of your lab work. A complete, well-organized notebook is critical for 
 someone to be able to repeat your work and to keep track of what works and what doesn’t work in new 
 research. For each experiment, structures of compounds and equations for reactions should be present as well 
 as a running commentary of your procedures.  The term “running commentary” is used to highlight that you 
 should write what you are doing as you do it. Ensure that all collected data are in the book, and organize your 
 entries so that data from different experiments never appear on the same page. All spectra collected during the 
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 course of this lab should be neatly affixed to the notebook pages and labeled. Data, conclusions and results for 
 all experimental work should be included in the notebook.  

 In addition, follow the guidelines below: 

  1) Pages must never be torn out or otherwise removed from the notebook. 

  2) Reserve space at the beginning of the notebook for a Table of Contents. Entries in the Table of  

  Contents should be identified by title and page numbers for all pages containing information relevant to  

  that title. 

  3) Use only indelible ink, preferably from a ball point pen, for all entries. 

  4) Any given page in your notebook should only include data for a single experiment. As a result,  

  organize your notebook entries based on the experiment to which they correspond, not the date on  

  which they were performed. 

  5) Each page in the notebook should be dated using an unambiguous notation like 12 January 2012. If a  

  page includes work done for the same experiment on different days, date each entry separately. 

  6) If you need to continue an experiment onto another page, write the continuing page on the bottom 

  of the initial page (cont’d on page#) and the page from which you are continuing at the top of the new 

  one (cont’d from page#). 

  7) Cross out sections of pages you choose not to fill out. Do not leave blank spaces to be filled in later. 

  8) All entries should be legible and contain sufficient detail. For example: 

  -use proper names for instruments and glassware: 10 mL Erlenmeyer flask rather than just flask 

  -indicate the specific concentration of reagents used: "6 M" or "0.1 M" rather than just "dilute" 

  -indicate how precisely reagents were measured: graduated cylinder versus pipette. 

  -record the sequence in which chemicals were mixed, the method and length of time for heating and/or  

  stirring; note whether a heating mantle or hot plate was used. 

  -completely record all observations like color changes, precipitates, gas evolution, etc. 

  -display any calculations in full detail for ease of verification. 

  9) Draw a single line through mistakes. Erasing and over-writing are not acceptable methods for error  

  correction. 

  10) At the end of each lab period sign and date your notebook and have me sign it also. 

  
Class Schedule  
 Below is an estimated schedule of what we’ll be doing in the lab. Because we are in “uncharted territory,” 
 experiments may take more or less time, and we’ll adapt accordingly. 

 
Week 1   Check in, inventory lab drawers 
   Introduction to research projects, description of ChemDraw and other resources. 
   Synthetic planning and preparation.  
 
Weeks 2-4   Solution-phase synthesis and isolation of arylopeptoid building blocks  
 
Weeks 5-7  Design and solid-phase synthesis of arylopeptoid libraries 
 
Weeks 8-10  Analysis and purification of first library of compounds, report writing 


