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Purpose:
To synthesize benzoic acid using a Gringnard reagent

Introduction:


Grignard reagents, also known as organometallic compounds, are made up of an organic component and metal component, usually a transition element that can combine to form C-C bonds. The general structure of such compounds is RMgX. “R” represents an alkyl, a vinyl, or an aryl, and “X” represents any halogen.  During Grignard reactions the Mg in the organo-halide compound becomes oxidized, changing oxidation states from Mg0 to Mg2+. As well the alpha carbon of the Grignard reagent becomes negatively charged, transforming it into a good nucleophile.  Grignard reagents are even more useful as they have the ability to undergo nucleophilic displacements with molecules that have polarized double bonds, such as aldehydes, ketones and esters.  Adding a Grignard reagent to an aldehyde, ketone, or ester produces a secondary or tertiary alcohol. The mechanism follows as such:
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The addition of Grignards to esters produces a ketone which will react with a second Grignard to form an alcohol. Grignard reactions will only react with electrophiles that are fairly active, such as carbonyl groups and epoxides. It is important to note that Grignard reagents do not react with alkyle halides. Any compound with an acidic nature will react with the Grignard reagent since it is a very strong base.  

In this reaction it is very important that there is no water present, even in trace amounts. The reason for this is that the water would donate a proton to the Grignard reagent, which would interfere with the formation of the intermediate which is the magnesium. In the work up HCL is added to ensure the magnesium-oxygen bond is hydrolyzed to free up the desired alcohol and remove the magnesium salts. 

Procedure and Observations

Part A: Preparation of the Gringnard Reagent
Procedure:

· All glassware was cleaned and placed in an oven for approximately 15-20 minutes to ensure that no water remained on the glassware

· The apparatus was assembled immediately after it was removed form the oven

· The drying tube was filled with glass wool, then CaCl2 beads to the top of the spherical region, and more glass wool was put on top  

· 0.8 g of magnesium turnings and some crystal of iodine were placed in the 50 mL round flask.

· A solution of 3.0 mL of bromobenzene in about 20 mL of anhydrous diethyl ether was prepared

· One half of the solution was added to the flask and the reflux apparatus was re-assembled

· It was swirled till the reddish iodine colour disappeared,

· After the reaction had started, the remaining bromobenzene solution was slowly added though the top of the condenser.  
· The mixture was allowed to boil on its own.  A hot water bath was then used to continue the boiling for 30 minutes.  The solution was swirled occasionally
Observations: 
Table 1: Table of Reagents 

	Reagent
	Molecular weight (g/mol)
	Density (g/mL)
	Amount

(g or mL)
	Moles (mol)

	Magnesium Turnings
	24.3
	-
	0.83g
	0.034

	Iodine
	253.80
	-
	0.05g
	0.000197

	Bromobenzene
	157.0
	1.49
	3.0 mL
	0.028

	Diethyl Ether Anhydrous
	74.1
	0.714
	2.0 mL
	0.019


Table 2: Qualitative Observations
	Initial Appearance of the Reaction Mixture
	Appearance of the Heated Reaction Mixture

	· solution initially had a red brown colour, liquid, with silver granules at the bottom
· after stirring the solution because milky yellow liquid
	· as the reaction proceeded the solution became a dark brown, clear solution
· bubbling


Table 3: Qualitative Observations
	Time that the Reaction Mixture was Heated Without any Additional Aid (min)
	Time that the Reaction Mixture was Heated with the Aid of a Hot Water Bath (min)

	18
	20


Part B:  Reaction with Carbon Dioxide
Procedure:
· The flask was removed from the hot water bath and any undissolved residue was allowed to settle.

· The solution was decanted carefully by stirring with a glass rod into some dry ice powder (about 3 g) in a dry 100 mL beaker over a period of 15-30 seconds
Observations: 
Table 4: Reaction with Carbon Dioxide, Qualitative Observations

	Appearance of the Reaction Mixture During the Addition of the Gingnard Reagent to Carbon Dioxide

	· the reaction bubbled violently

· fizzing

· solution became a bit lighter in colour

· thickened a little after additional addition of dry ice


Part C: Isolation of the Benzoic Acid
Procedure:
· To the resulting solution in the beaker, 20 g of water ice were added along with 20 mL of water, 5 mL of concentrated HCl, 15 mL ordinary diethyl ether
· The mixture was transferred to a separatory funnel.  The beaker was rinsed with 15 mL of ordinary diethyl ether and the rinsings were added to the separatory funnel
· The mixture was shaken and the layers were separated and stored in separate containers
· The aqueous phase was re-extracted with another 15 mL of ether and the organic extracts were combined.

· The organic phases were extracted twice, each time with 20 mL of aqueous 10% NaOH solution. 

· The aqueous extracts were acidified by the dropwise addition of concentrated HCl until the solution was strongly acidic and no more precipitate was formed.  The acidity was tested by inserting litmus paper in the solution.

· The mixture was cooled in an ice bath
· The product was collected using a suction filtration method as seen in the lab manual

· The product was set on a watch glass and weighed

· The melting point was measured 

Observations: 
Table 5: Isolation of the Benzoic Acid, Qualitative Observations

	Appearance of the Separatory Funnel During the HCl/Ether Extraction
	Appearance of the Separatory Funnel During the NaOH/Ether Extraction
	Appearance of the HCl Induced Precipitate

	There were two layers formed:

top layer – transparent yellow colour, ether phase
bottom layer – clear colourless, liquid, aq phase
	There were two layers formed:

top layer – opaque white colour, slightly yellow
bottom layer – yellow, clear, liquid
	 Solution turned foamy liquid white
Precipitate was formed

Found to be acidic


Table 6: Isolation of Benzoic Acid
	
	Isolated Benzoic Acid

	Weight of Beaker (g)
	108.61

	Weight of Vial + Product (g)
	112.36

	Weight of Product (g)
	3.75

	Melting Piont Range (oC)
	119.0-122.6

	Appearance of Dried Product
	Dry, fine, white powder


Discussion:
Part A:  Preparation of the Grignard Reagent
Before starting the experiment it was essential to clean all the glassware and put it into the oven to ensure that there was no water remaining Water would inhibit the reaction and not allow the formation of proper product.  This inhibition would occur because the water acts as an acid and would protonate all the Grignard reagent. Thus, any water would slow the reaction and decrease the yield. 
A drying tube was packed with cotton, a drying reagent (CaCl2), and some more cotton on top.  The use of a drying tube was necessary to protect the reaction from moisture in the atmosphere while still allowing the passage of air to equalize pressure. The magnesium turnings were added along with a few iodine crystals. The magnesium, in the presence of diethyl ether (which must be anhydrous), and the bromobenzene form a Grignard reagent. Phenyl magnesium bromide is formed from this. The iodine crystals are present because iodine is a halogen and will react similarly to the bromine. The addition of iodine will cause the solution to turn red, and this allows us to see that the reaction has started because of the colour change of the solution. In our experiment, the solution went from a reddish-brown colour present, to clear once the reaction had started and the iodine was used up. The solution during the reaction was a clear dark brown colour. This indicated no moisture in the solution. the reaction boiled on its own in the beginning. The remaining bromobenzene was added slowly to insure refluxing at about one third of the way up on the condenser. A hot water bath is used to ensure that the flask continues boiling for 20-30 minutes. This reaction is shown by the following mechanism:
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Part B: Reaction with Carbon Dioxide

During this part of the reaction the flask is left to sit for a while, so that the residue can settle to the bottom. Fresh dry ice was used so that the carbon dioxide reaction could take place.  
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Part C: Isolation of Benzoic Acid

Concentrated HCl was added to protonate and hydrolyze the Grignard reagent. Water then acts as a nucleophile and the MgBr acts as the electrophile. The reaction mechanism for this first step is shown below:

[image: image3.png]0 NgBr ch MgBr HzO OH
A\/ MgBrOH + H*
+
Unreacted
Bromobenzene




 Hydrous diethyl ether was used in the first extraction to help separate the phases in the separatory funnel. The reaction occurred as followed: 
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For this first extraction, the aqueous layer will react as shown below: 
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The ether layer is then extracted twice more to ensure the removal of bromobenzene. The reaction mechanism for these extractions is shown below:
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The mechanism for the aqueous layer after the second extraction is shown below. The desired product is formed in this reaction (benzoic acid):
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Lastly, HCl is added in the end to precipitate the benzoic acid.  Suction filtration was used to dry out the crystal so that maximum yield would be obtained. Our final product was approximately 3.75g, and had a melting point range of 119.0-122.6oC (comparable to the literature value of benzoic acid of 122-123oC)
Major experimental error may have included human error (not measuring properly), and not completely drying the glassware. 

Questions:

1. a)
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b) The overall yield for this reaction would be 0.85 x 0.60, because it is essentially taking only 85% of a process which is only 60% efficient. The overall yield would be 0.85 x 0.60 = 0.51 = 51%. 


c) 0.75 mol / 0.51 percent yield = 1.47 mol of initial compound



1.47 mol x   116.2 g/mol = 170.81 g of A
2.  Anhydrous ether is used in this reaction because it does not possess any water.  If even a small amount of water is present, it would create unwanted side-products and greatly decrease the yield of the desired product. 

3.  A hot water bath is used to heat the reaction because heat acts as a catalyst and speeds up the rate of reaction.  Since the boiling point of ether was about 37 degrees Celcius, a hot plate is not necessary since hot water equal to or greater than the speed up the reaction.  If no heat was used, the reaction would have taken place a lot less rapidly.    

4.  See the above discussion for a complete answer, including the workup. 

5.  It is important to use freshly obtained dry ice because it provided carbon dioxide which was needed for the reaction.  It was also used because it would convert any water moisture in the air into liquid water once condensed, so that the yield would not be altered.  

