Purpose: To synthesize benzoic acid using a Grignard reagent.
Introduction: 
Grignard reagents consist of three parts, and are generally described with the formula:

R-Mg-X. The R is usually an alkyl, vinyl, or aryl, while the X is a halogen. These compounds are said to be organometallic because they are organic but contain a metal, which is usually a transition metal. In these reagents, there is usually an equilibrium between R-Mg-X, X2Mg and R​2Mg. Grignard reagents are used to form Carbon bonds, where the alpha carbon becomes a strong nucleophile (negatively charged, as opposed  to its usually position as an electrophile). The reagents are also used to treat double bonds in some situations, which involve similar mechanisms, where (in aldehydes, ketones, and esters) the pi bond is the nucleophile and an alkoxide is formed. The Mg-O bond left must be hydrolysed by an acid, to remove the magnesium. Caution must be taken when using a Grignard reagent, since it will react with any small amount of H​2​O including atmospheric, as well as small traces on glassware.
During this experiment, Bromobenzene is treated with Magnesium in a diethyl ether solution creating a Grignard reagent. The reagent is reacted with CO​2​ and hydrolysed with acid. Once this solution is obtained, the impurities are washed out with a separatory funnel; the remaining solution is treated until a precipitate is formed. This precipitate is extracted using a vacuum pump, and benzoic acid is isolated.
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The reaction mechanism of the Grignard reaction and work-up procedures is the following:
Balanced Equation
(CH)5​CBr + Mg ( (CH)5​CMgBr

(CH)5​CMgBr + CO​2​ ( (CH)5​CCOOMgBr
(CH)5​CCOOMgBr + H+ ( (CH)5​CCOOH+MgBr

(CH)5​CCOOH+MgBr + H​2​O ( (CH)5​CCOOH  + H​​2​OmgBr
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Procedure:
1. All glassware needed was cleaned and placed into the oven to completely dry

2. Drying tube attachment was capped with CaCl¬2¬ to absorb all water entering the tube.

3. 3mL of Bromobenzene, 0.8g of Magnesium shavings, 3 crystals of iodine and 20mL of anhydrous ether were added to a 50mL round bottom flask.

4. The reflux apparatus was set up

5. The contents were swirled to start the initial reactions

6. When boiling stopped, 20 mL more of anhydrous ether were added

7. The dark solution of phenylmagnesium bromide in diethyl ether was then transferred into a large 100mL beaker.

8. Dry ice was then added and the thick solution was stirred

9. 30g of water and ice, 20mL of water, 5mL of concentrated HCl, and 15mL of diethyl ether were added.

10. The mixture was then transferred into a separatory funnel, shaken, and the organic phase set aside.

11. The aqueous phase was then extracted again, and the organic phase was added to the previously extracted phase

12. The combined organic phases were extracted twice with 10% NaOH, keeping the organic phases

13. HCl was then added until no more extra precipitate was formed

14. Mixture was placed in an ice bath to cool

15. A vacuum pump with a Buchner Funnel was set up

16. The solution was poured into the funnel and the powder remained on top

17. The pump was allowed to run for several minutes to ensure that all possible liquid had been extracted

18. The powder was then scraped out and transferred into a small 50mL beaker

19. A sample was taken, and the melting point tested
Table of reagents 1







                                                                                                            
Compound

Mol. Wt
Density 
Amount           Moles



(g/mol)

(g/mL)
            (g/mL)            (g and mL)                                                         

Mg (turnings)

24.31                1.74        
0.8

0.0329

Iodine (Crystals)
126.9                4.94         
-----                      ----                    

Bromobenzene               158.0                1.5                      3.0                      0.0287                   

Diethyl Ether (anhydrous)
74.14                 0.7

20.0

0.1924          
Observations:
	Initial appearance of the Reaction Mixture
	Appearance of the Heated Reaction Mixture

	Deep red colour.
With stirring = brown and opaque
	Yellow translucent liquid.
Solution has solid magnesium clumps at the bottom.


	Time that the reaction Mixture was heated without any additional acid (min)
	Time the reaction mixture was heated with the Aid of a Hot Water Bath (min)

	7:21
	26:00


Reaction of the Grignard Reagent with Carbon Dioxide

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

	Solution immediately turned light brown. The resulting solution was a thick, sticky, opaque and viscous.


Isolation of the Benzoic Acid

	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

	Extraction 1.
Two layers; clear yellow top, clear colourless bottom
	Extraction 2.

Entirely clear yellow solution indicating extraction reached 100%
	Top pale yellow layer.
Clear and transparent bottom layer.
	White clumps, solid and opaque.


	
	Isolated Benzoic Acid

	Weight of Vial (g)
	46.18

	Weight of Vial + Product (g)
	48.45

	Weight of Product (g)
	2.27

	Melting Point Range (o​​C)
	109.1-114.0 

	Appearance of the Dried Product
	White powder, fluffy, solid and opaque.


Discussion
Theoretical Yield

Bromobenzene creates benzoic acid in a 1:1 ratio

Moles of Bromobenzene = 0.0287 mol : 0.0287 mol of benzoic acid

Therefore, m= MW * n= 122.2* 0.0287



=3.51 g

Percent Yield

= actual amount/ theoretical amount *100%

=2.27/3.51 *100

=64.67%
Explanation of the work up

     We add the water and ice and HCl to create the aqueous layer, and we add the diethyl ether to add to the organic layers so the layers can be separated easily. Then you must rinse the beaker with more diethyl ether, in order to make sure the entire organic product is being isolated.

     Once the layers are separated, you re-extract the aqueous layer by adding more diethyl ether in order to ensure the highest yield of product.

Then, you must add 20 mL of NaOH to the organic phase and extract the aqueous phase twice. This puts the product in the aqueous layer by converting the acid into sodium benzoate which is only soluble in the aqueous layer.
     During the lab, many steps are used to produce benzoic acid. In the first step, the Grignard reagent is prepared. During this part of the lab, it is crucial that no water contaminates the solution, since water will react with a Grignard reagent, rendering it useless for our purposes. The flasks containing this preparation must be covered at all times, since the moisture in the air can be enough to ruin a sample. During the work up phase, a CaCl​2 plug is made. This ensures that all possible water vapor is absorbed, removed, and prevented from ruining the reaction. When everything is added to the first flask, it is let to react at room temperature. The Iodine is used to activate the magnesium by removing the oxide surface. The magnesium then undergoes a reaction with the bromobenzene in the solution, and the ether is there as a solvent. Using a hot water bath when the reaction subsides is a good way to ensure all possible solvents have reacted. The CO2 is added to the solution (in the form of dry ice) and a vigorous reaction takes place. The resulting addition of the COO creates the benzoic acid. A more detailed mechanism is present in the introduction. 
After the benzoic acid is formed, it must be isolated. This is done by first purifying it more using a separatory funnel, as well as diluted hydrochloric acid (twice). It is then extracted again using NaOH (twice). The product is then acidified, which causes the benzoic acid to precipitate out. It was then recovered using a vacuum pump and a Buchner funnel. The pump and funnel allow for almost all of the liquid in a sample to be sucked out, while leaving the powdery product behind. Once collected, the powder was tested for its melting point, which was between 109.1 oC -114.0oC which is within acceptable range of the literature value of 122 oC - 123 oC.
Flow Chart:

Error
· Water droplets may have been absorbed from the air and contaminated the Grignard formation

· Not all the magnesium turnings were reacted 
· The lab manual states to add acid until the pH is ‘strongly acidic’, using pH strips it is impossible to calculate exact pH at all times. 
Questions
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(A) (CH3)2CH(CH2)4OH + H2SO4 ( (CH3)2CH(CH2)4O+H2 + HSO4-
Nucleophilic Substitution[image: image4.png]



(CH3)2CH(CH2)4O+H2 + NaBr ( (B) (CH3)2CH(CH2)4Br  + H2O

Grignard Preparation[image: image5.png]



(B) (CH3)2CH(CH2)4Br + Mg ( (C) (CH3)2CH(CH2)4MgBr
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(C) (CH3)2CH(CH2)4MgBr + CO2 ( (D) (CH3)2CH(CH2)4COOH   
b)

Overall Yield:  65% x 75% = 0.65 x 0.75
                                             = 48.8%
c) [Mol of A] = [Mol of D] / 48.8%


          = (0.75 mol) / 48.8%


          =  1.54 mol of A

   [Mass of A] = [MM of A] x [Mol of A]


          =  114.14 g/mol x 1.54 mol


          = 175.78 g

Therefore, 175.78 g of [A] was required to produce 0.75 mol of [D].
2. Anhydrous ether is used because it doesn’t contain water. Water can protonate Grignard reagents and make them ineffective, therefore it is important that there is no trace of water anywhere in the preparation reaction of the Grignard reagent. Water will cause acid base reactions as opposed to the carbonyl reactions.
3. A water bath is used to heat the reaction in order to promote the reaction. Because the diethyl ether boils at room temperature, the reaction mixture needs to be raised to that temperature in order for the reaction to proceed.
4. Mechanism and Work-up.
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5. It is important to use freshly obtained dry ice because dry ice sublimes. If left out, you will have considerably less dry ice, since most of it will turn to gas. Any condensation on the surface will create water which will destroy the Grignard reagent by producing acid base reactions.
