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Atom Economy: Metrics for a Greener Synthesis of Ibuprofen

Introduction

The pharmaceutical industry is tasked with an important role in today’s society. Its’ responsibility is to improve human health by diagnosing, treating, and preventing disease through advancements in medicine. Pharmaceutical drugs are a thriving business and represent a large industry in the global economy with estimated worldwide sales of $967 billion in 2016. These sales have multiplied by almost a factor of 10x since 1998! In the U.S alone, total pharmaceutical sales reached almost $450 billion.

If you walk into a pharmacy or local drug store, it’s evident that there are a number of different therapeutic medicines available over-the-counter or by prescription. Of the wide range of therapeutic medicines, analgesics (pain killers) are a common class of drugs that are used everyday for managing aches and pains. Whether it’s a headache, muscle ache, or joint pain, chances are you took an analgesic to manage the pain. Well known analgesics include:
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Acetaminophen
Aspirin
Ibuprofen



Ibuprofen is perhaps best known as the active pharmaceutical ingredient in the brand name drugs Motrin, Advil, and Nuprin. The inventors of ibuprofen, The Boots Company of England, patented the original synthesis of ibuprofen, in the 1960s, and was widely adopted as the industrial preparation for many years. It’s known as the Brown synthesis. The Brown synthesis has not only resulted in the successful preparation of ibuprofen over the past four decades, but it has also tangentially produced millions of pounds of unwanted, unutilized, and unrecycled chemical waste that had to be properly disposed of or otherwise managed.

Traditional Approach:

One of the major ways that chemists have traditionally measured the efficiency of a reaction is by the percentage yield of the product. For those of you who have taken organic chemistry, this reaction metric should ring a bell since you used it after every lab experiment to evaluate your performance. Percent yield is defined as:
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Do you see anything missing from the equation to calculate percent yield? What is not included in the calculation that can give a more complete picture on the efficiency of the reaction?.........Waste generated??  Total atom utilization?? Chemists have become much more conscious about the formation of unwanted byproducts (oftentimes hazardous wastes) that are produced in chemical reactions because they are usually treated as waste and must be disposed of properly. Chemists must not only strive to develop reactions that produce high yields, but these same reactions must also aim for incorporation of all the atoms of the reactants into the desired product.

Atom Economy: A Green Chemistry Metric

The atom economy of a chemical reaction is a measure of the amount of starting materials that become useful products. Inefficient, wasteful processes have low atom economies. Efficient processes have high atom economies, and are important for sustainable development, as they use fewer natural resources and create less waste.

The atom economy of a reaction can be calculated as follows:
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Calculate Atom Economy of Brown Synthesis: Look up all the Formula Weights for reagents, Utilized in ibuprofen, & Unutilized in Ibuprofen.
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Percent Atom Economy = 




BHC Synthesis: A greener synthesis of Ibuprofen

Waste
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Calculate Atom Economy of BHC Synthesis: Look up all the Formula Weights for reagents, Utilized in ibuprofen, & Unutilized in Ibuprofen.
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Percent Atom Economy = 








Discussion Topic

As a group/pair, discuss how you can improve upon the Atom Economy approach. What other variables should scientists consider (that wasn’t included in atom economy) to get more robust analyses of reactions? 

Write down all your suggestions on this piece of paper and be ready to discuss your findings to the rest of the group.















[image: ]
image4.png
Actual Yield
PercentYield = ——— X 100
Theoretical Yield




image5.emf
MW of desired product

Percent Atom Economy= —m—m—m—m——@m@8@8@8M8M M X100
MW of all reactants in synthesis (excluding catalysts)









Percent Atom Economy =
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Reagents Utilized in Ibuprofen Unutilized in Ibuprofen
Formula FW Formula FW Formula FW
CioH14 CioH13 H
C4HgO3 C,H3 C,H303
C,4H,CIO, CH C3HgCIO,
C,HsONa C,H;ONa
H;0 H30
NH;0 NH;30
H,0,4 Hs
Total Ibuprofen Waste
Cy0H42NOoCINa C13H150; C;H,4sNOgCINa









Reagents Utilized in Ibuprofen Unutilized in Ibuprofen

Formula FW Formula FW Formula FW
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Reagents

Utilized in Ibuprofen

Unutilized in Ibuprofen

Formula FW Formula FW Formula FW
CioH14 CioH13 H
C4HgO3 C,H304 C,H30,
H2 H,
CcO CcO
Total Ibuprofen Waste
Ci5H2206 C13H150; C,H,0;









Reagents Utilized in Ibuprofen Unutilized in Ibuprofen

Formula FW Formula FW Formula FW
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