
CHMY 271 

Lab 8 

Multistep Synthesis
Introduction 
One of the most important laboratory skills in chemistry is the ability to perform multi-step chemical reactions by deciding which reagents to use, how much to use, what reaction conditions to use, and how to isolate the desired product in its pure form. A multi-step synthesis is one in which a chemical reaction is used to produce a specific product, and the resulting product is used as the starting material in a subsequently step to make another product.  Although multi-step syntheses are often time consuming and expensive, often they are the only method available to synthesize many complex chemical compounds.  In fact, multi-step syntheses of more than 10 steps are often necessary to synthesize complex pharmaceutical compounds.  The goal of this lab is to design and carry out a method to synthesize 0.5 g of a racemic mixture of (1R,2R)-1,2-dibromo-1-methylcyclohexane from 1-methylcyclohexanol.  You must decide how to set up every aspect of your reaction.  You must plan to be able to calculate the percent yield for each step of the synthesis as well as the overall percent yield.  You will have limited lab time to complete this lab, so it is highly recommended that you prepare ideas for how to solve this problem before coming to lab.  The more preparation you do before coming to lab, the more productive your lab time will be.  Check with your lab syllabus or instructor to determine when the final lab report is due.
Procedure 

1. Start by using your text book, the lecture slides, the internet, your brains, and your lab experience in the first 7 labs to investigate methods for synthesis of the target product.  In the earliest planning and brainstorming stages, don’t limit yourself.  Let your ideas flow freely for discussion with your lab partners.  Ideally, you should focus efforts on how to complete the conversion in the fewest number of synthetic steps.  You should also try to perform the conversion with the least amount of necessary purification steps.  Some extra time taken during the planning stages may save you time in the long run by avoiding lengthy syntheses and purifications.  Once you have a general idea of what starting materials to use, you must decide what reaction conditions will be appropriate for each reaction (solvent choice, temperature, time for reaction to progress.)  You may want to use the internet to research the chemical literature to determine appropriate reaction conditions.  If you are using a procedure you found through your research, be sure that you can explain WHY each step is performed as it is.  You will be required to explain in your lab report why you performed each step in the experiment as you have.  Also, investigate methods for monitoring your reaction as it progresses, isolating and purifying your product when it’s produced, and analyzing and characterizing your product at each step of the synthesis to confirm its identity and purity.  Ask your instructor for help if you need it.  It is HIGHLY recommended that you discuss your ideas frequently with your instructor so you don’t waste too much time on an approach that will not effectively meet the goals of the lab.

2. Collaborate with the other students in your group to develop a proposal describing ALL of your reaction conditions.  Be sure that you can explain WHY each step is performed as it is in your proposal.  Also, describe how to measure all of the necessary data you need to monitor each reaction as it progresses, isolate and purify your product, and analyze and characterize your product to confirm its identity and purity.  When creating your proposal, be sure to consider alternatives and/or substitutions for hazardous substances in favor of benign substances where possible.  Take into consideration that you only need to make 0.5 gram of the product, so make sure you propose microscale experiments to perform.  Before you continue, check with the instructor to make sure your proposal is reasonable.  
3. Complete the steps outlined in your proposal.  Be sure to record all of your observations and data IN YOUR LAB NOTBOOK USING THE CORRECT FORMAT, SIGNIFICANT FIGURES, AND UNITS.  
4. Use your collected data to determine the identity and purity of the product at each step of the process.  Calculate a percent yield at each synthetic step.  Discuss the success of your overall process.  Discuss the success of each component of your proposal (solvent choice, reactant choice, temperature choice, etc.).  Based on the outcome, what would you do differently if performing the reaction a second time?  Discuss the certainty you have in your analysis and WHY you are certain or uncertain.  In addition, consider what you might have done differently if you were to repeat the lab experiment including ideas to obtain more/better data and ideas to complete the lab in a more environmentally friendly manner.

5. Once your instructor agrees that you have collected enough data, dispose of your waste as described in the waste disposal guidelines below.

6. Write your report using the lab report guidelines.
WASTE DISPOSAL GUIDELINES

· Any organic product produced or remaining reactant that is not brominated should be rinsed with ethanol into the sealed storage container labeled for liquid waste removal and incineration.

· Drying agents such as CaCl2, MgSO4, or Na2SO4 should be rinsed with ethanol, and the rinse should be placed in the sealed storage container labeled for liquid waste removal and incineration.  The remaining solid can be dissolved in large quantities of water (to at least 1% concentration) and rinsed down the sink

· Any aqueous solution produced should be neutralized with either 1M HCl or 1M NaOH until the pH is between 6 and 8.  Then it should be inspected to look for droplets of organic oils/liquids or solid precipitate.  Any organic materials should be removed and placed in the sealed storage container for waste removal and incineration.  The remaining aqueous solutions that are clear may be diluted with a quantity of water equal to five times the current volume and rinsed down the sink.

· Any organic product produced that incorporates bromine should be disposed of in the “brominated organic waste.”

· Any sample that was dissolved in CDCl3 for NMR analysis should be disposed of in the “chlorinated organic solvent waste.”

· Discuss with your instructor methods to dispose of any other waste that is generated.

