Chemistry 252/254
Organic Chemistry

Unit 1M: Introduction to Organic Synthesis I 

Preparation of Benzyltriphenylphosphonium bromide (Last updated 09/14/06)
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The equation shown above describes the reaction of triphenylphosphine with benzyl bromide (G=H) to produce benzyltriphenylphosphonium bromide.  Eventually, you will apply the experience you gain from this model reaction to the synthesis of a substituted benzyltriphenylphosphonium bromide (G≠H). However, before you perform any reaction, it is necessary to develop basic competencies with those laboratory techniques that you will use throughout the project.

Basic Laboratory Techniques

The preparation of benzyltriphenylphosphonium bromide requires that you master several laboratory techniques; reflux, vacuum filtration, thin layer chromatography (TLC), infrared spectroscopy (IR), and melting point (mp) determination. Your laboratory manual discusses each of these techniques, and you should read the appropriate sections in your manual before coming to lab:

	Technique
	Pages in Mayo, Pike, & Trumper

	Reflux
	23-27

	Vacuum filtration
	113-116

	TLC
	125-128

	IR
	146-165

	mp
	52-55


You should also read the discussion of the interpretation of IR spectra on pages 146-162, paying particular attention to the section dealing with the group frequencies of hydrocarbons on pages 151-154.

TLC
Whenever you perform a reaction, it is nice to have an experimental method to monitor the progress of that reaction.  One such method is thin layer chromatography (TLC).  Before you attempt your reaction, you will do some preliminary investigation of it using TLC.  In addition to the reading mentioned above, it may be helpful to you to complete the tutorial on TLC which you will find on the Chemistry 252/254 website: http://www.usm.maine.edu/~newton/TANES/TLC.HTML
Preparation of Reference Samples

1. Benzyl bromide-Samples of benzyl bromide, C6H5CH2Br, in toluene have been prepared for you.

2. Triphenylphosphine-Dissolve approximately 10 mg (0.0100g) of triphenylphosphine, (C6H5)3P, in 100 µL of toluene in a 4 mL vial that has a teflon-lined cap. 

3. Benzyltriphenylphosphonium bromide-Dissolve approximately 10 mg of benzyltriphenylphosphonium bromide, C6H5CH2P+(C6H5)3 Br-, in 100 µL of 95% ethanol. 

Label each of these solutions.  Save these samples for future work.

Preparation of Developing Solvents
It is fair to say that TLC is as much art as it is science.  There is no magic formula for getting good TLC results.  You simply have to experiment with different solvents until you find a solvent system in which the components of your mixture are resolved.  To this end, it is useful to keep one general guideline in mind:  increasing the polarity of your developing solvent causes the Rf values of the analytes to increase.  

Preparation of TLC Plates

With a pencil, lightly draw lines on a 20 cm x 20 cm TLC sheet according to the layout shown in Figure 1.  Using a utility knife and a straight edge, cut the large sheet into 32 25 x 50 mm plates.  Store these plates in a plastic bag.
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Figure 1.  All dimensions are in mm.  The horizontal lines at 5, 55, 105, and 155 mm represent the origin of each TLC plate.  Cut the sheet along each vertical line and along the horizontal lines at 50, 100, and 150 mm.

Making Sample Applicators
Your instructor will demonstrate how to make sample applicators from capillary tubes.  Make a bunch of applicators and save them for future use.

Analysis of Reference Samples

Apply small volumes of your reference samples to the origin of a TLC plate as shown in Figure 2.  Develop the plate in your solvent system of choice.  Vizualize the spots under UV light and circle them with a pencil.  Then stain the spots by placing the plate in a chamber containing a few iodine crystals.  Repeat the procedure, adjusting the polarity of the solvent system until the Rf value of the triphenylphosphine spot is approximately 0.5.
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Figure 2.  An idealized TLC experiment.  Lane 1 corresponds to triphenylphosphine.  Lanes 2 and 3 are benzyltriphenylphosphonium bromide and benzyl bromide, respectively.
IR Spectroscopy 

Infrared spectroscopy is one of the primary spectroscopic techniques that chemists use to characterize the structure of a compound.  This technique is discussed in Chapter 6 of your laboratory manual.  Additional information is available in your textbook.
IR Spectroscopy of Reference Samples
Prepare approximately 100 mg of a 5±3% mixture of authentic benzyltriphenyl-phosphonium bromide and KBr.  Record the IR spectrum of this mixture.  Step-by-step directions for recording a spectrum are available on the computer that controls the spectrometer.  Save the spectrum in your folder.  Compare your spectrum to the spectrum of authentic benzyltriphenylphosphonium bromide in the ReferenceSpectra folder.

Melting Point Determination

It is generally true that a synthetic reaction does not yield pure material.  Rather, the desired product is obtained along with undesired compounds such as unreacted starting materials or side products.  When the desired product crystallizes, such contaminants are frequently incorporated into the crystal lattice of the target molecule.  This creates irregularities or defects in the crystal lattice.  These defects are manifested in the melting point of the product.  Compared to pure compounds, compounds which contain contaminants generally melt at lower temperatures and over a wider temperature range.  Thus, the melting point range of a compound is taken as an indicator of purity: compounds which have a melting point range of 1-2oC are generally consider “pure”, while those which melt over a wider temperature range are regarded as “impure”.  The melting point range of the benzyltriphenylphosphonium bromide that Aldrich Chemical Co. sells is 295-298oC.  Once you have prepared your sample of this compound, you should record its melting point range for comparison.  

Preparation of benzyltriphenylphosphonium bromide

Preliminary Planning

Many factors contribute to the success of a chemical synthesis.  One of the most important factors is the development of a specific plan prior to performing the reaction.  The Pre-Laboratory exercises are designed to focus your attention on the different factors that chemists normally consider as they prepare to run a reaction.  You must complete these exercises before you will be allowed to perform any experimental work.

Experimental Procedure

Note-Benzyl bromide is a strong lachrymator.  It is essential that you conduct this experiment under your hood.

Add 1.00±0.05 mmol of triphenylphosphine to 5±1 mL of toluene in a 10 mL round bottom flask that contains a magnetic stir bar. Clamp the flask to a ringstand and put it into a sandbath on your stirring hot plate.  Stir vigorously.  For each mmol of triphenylphosphine you used, add 1.05 mmol of benzyl bromide to the solution.  Use an automatic pipettor to measure the benzyl bromide.  Spot samples of this solution on 2 or 3 TLC plates.  Attach a reflux condensor to the flask and heat the solution until it boils vigorously.  Use amber rubber tubing for the cooling water.  Refer to Figure 3.13 of your laboratory manual.  A model apparatus is also available in the laboratory for comparison.  Continue heating until TLC indicates that the limiting reagent has been consumed, but do not reflux for more than 1 hour. During this time set up a vacuum filtration apparatus similar to the one shown in Figure 5.23 of your manual.  Also, weigh your Hirsch funnel with a piece of filter paper in it.  

At the end of the reaction period remove the apparatus from the sand bath.  Allow the mixture to cool until the internal temperature is between 50 and 60oC.  Then place the flask in an ice-water bath until the temperature drops below 20oC.  Cool an additional 5 mL of toluene in the ice-water bath at the same time.  

Turn on the water to your aspirator fully.  Transfer the solid from the round bottom flask into the pre-weighed Hirsch funnel.  Moisten the filter paper with a few drops of toluene before making the transfer.  Rinse any residual solid from the flask into the funnel using small portions of the cold toluene.  Continue to draw air through the sample for 10-15 minutes.  Weigh the Hirsch funnel with the product in it.
Product Analysis
You will record two physical properties of the benzyltriphenylphosphonium bromide you prepare in this experiment, its IR spectrum and its melting point.  You will compare your spectrum to the spectrum of an authentic sample. 

IR Spectra
Prepare approximately 100 mg of a 5±3% mixture of your crude sample of benzyltriphenylphosphonium bromide and KBr.  Record the IR spectrum of this mixture.  Save the spectrum in your folder.  Print a copy of the spectrum. There are examples of satisfactory spectra in a notebook in Room 367.  Compare your spectrum to the three spectra of authentic benzyltriphenylphosphonium bromide in the ReferenceSpectra folder.

Melting Point

Record the melting point range of your crude product. Record the melting point range of an authentic sample of benzyltriphenylphosphonium bromide at the same time.

Summary
Completion of Unit 1M requires that you receive an S for each of the following:

1. Pre-Laboratory Exercises

2. Post-Laboratory Exercises  

3. Final Report

