LAB #5 – ​ REACTIONS OF CARBONYLS UNDER BASIC CONDITIONS

Performed: November 2, 2018 
Due: November 9, 2018
TA: 
CHM 2123 – E00
Introduction 
	Carbonyls are an important part of organic chemistry, as they can undergo diverse types of reactions. Under basic conditions, aldehydes and ketones can undergo a variety of different reactions at the α-hydrogen, due to their slightly acidic nature. The pKa of these protons is usually about 20 in water which can be explained by the resonance forms corresponding to the delocalization of the negative charge after deprotonation. The species formed by this deprotonation is called an enolate. Hydroxide anions are basic enough to create small amounts of the enolate ion when aldehydes or ketones are dissolved in water or alcohol, this anion can then undergo further reactions. This reaction competes with the more kinetically favoured nucleophilic addition of hydroxide to the carbonyl group. The purpose of this lab was to perform two different reactions of carbonyls under basic conditions: aldol condensation and the haloform reaction and obtain each of their products being benzalacetophenone and benzoic acid respectively. The purity of these products can then be verified following the analysis of TLC and their melting points
Part B
The haloform reaction converts methyl ketones into carboxylic acids and produces haloforms, involving the process of oxidation. The reaction must be done under basic conditions. In this experiment, acetophenone (a methyl ketone) was converted into benzoic acid when mixed with 5% sodium hypochlorite in water, which have formed the conjugate acid HOCl and the conjugate base NaOH, followed by an acidic work-up. The hypochlorite ions are able to act as a source of an electrophilic halogen since oxygen is more electronegative than chlorine. The first step of this reaction involves transforming the methyl ketone into haloketone after the enolate formation. The α-protons become more acidic after the α-haloketone is formed due to inductive effects making them more easily deprotonated. Therefore, this process repeats itself two more times forming a tri-haloketone. The carbonyl becomes very electrophilic from the inductive effects of the halogens, which then becomes ideal for the nucleophilic attack of the hydroxide on that carbon. The trichloromethyl anion is a leaving group that can be stabilized by the electronegative chlorine atoms. Through acid-base reactions, the anion is then protonated to from a haloform transforms the carboxylic acid into a carboxylate. The carboxylate is then converted back into the carboxylic acid through an acid work-up. This mechanism is an example of an addition-elimination process which can be seen in more detail below:
Mechanism of haloform reaction 

  
In order to isolate the final product of benzoic acid, following its precipitation in an ice bath, vacuum filtration was used. 
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Table of reagents
Part B
	Reagent
	Molar Mass (g/mol) 
	Quantity 
	Density 
	Mmol
	Equivalence

	Acetophenone
	120.15 g/mol
	0.9709 mL
	1.03 g/ cm³
	8.323
	1.00 (Limiting reagent)

	Bleach solution (5% NaOCl in H2O) 
	74.442 g/mol
	40 mL 
	1.11 g/cm³
	29.821
	3.58 (Excess)

	Acetone 
	N/A
	0.5 mL 
	N/A
	N/A
	N/A

	HCl (for acidification)
	N/A
	≈10 drops
	N/A
	N/A
	N/A



Experimental procedure: Reference the protocol on Top hat. (CHM2123/2523/Section A Organic Chemistry Laboratory Fall 2018, accessed on November 2, 2018.)
Observations and Results:
Observations
Part B
	Key Step
	Observation 

	Addition of acetophenone to bleach solution and stirring.
	Clear transparent liquid with small translucent “bubbles” dispersed throughout

	Boiling the reaction mixture gently for 5-10 minutes 
	The reaction mixture became clear with a slight yellow tint, all the bubbles went away. 

	Addition of 0.5 mL of acetone followed by 15 more minute of gentle boiling. 
	The solution became a translucent beige. 

	Placing the mixture into an ice bath and adding concentrated HCl dropwise.
	With each drop of HCl that was added, a white precipitate would form, this was done until the precipitate ceased to form and the pH of the solution was about 1. 

	Keeping the mixture in the ice bath for an additional 5 minutes. 
	Precipitation completed and the white solid precipitate was abundant in the flask.

	Filtering and drying the product by suction filtration.
	A white, powdery product was left over in the Buchner funnel. 


Results
Part B
	Compound
	Mol. Mass (g/mol)
	Quantity (g)
	Yield (%)
	Melting point (°C)

	Benzoic acid 
	122.12 
	0.74
	72.81
	119.7-122.2



TLC results
Part B
	Lane 
	Spot
	Rf value

	Ac = acetophenone dissolved in ethanol
	Lower
	0.29

	
	Middle
	0.36

	
	Top
	0.67

	Co = co-spot
	Co (bottom)
	0.10

	
	Co (lower)
	0.29

	
	Co (middle)
	0.36

	
	Co (top)
	0.67

	Rx = reaction 
	Rx
	0.10


Legend: 
Ac = Acetophenone diluted in ethanol
Co = co-spot 
Rx = reaction

Part B
Calculations
Percent yield
Part B
	 
	

	
	


	
	

	
	


	
	

	
	




In this experiment, the haloform reaction performed under acidic conditions was observed. The effectiveness of this type of carbonyl reaction, which lead to the final product of benzoic acid, can be quantified by the final percent yield. The percent yield of benzoic acid was 72.81%. Furthermore, the melting point of the formed benzoic acid was between the ranges of 119.7-122.2°C, which almost perfectly corresponds to the theoretical melting point of benzoic acid of 122°C, which means there were little to no impurities present in the final compound. 
	A TLC of the reaction mixture (originally containing acetophenone and a bleach solution) was taken after 10 minutes of gentle boiling to monitor the progress of the reaction. Since the HCl had not been added yet, the main contents of the reaction are known to be a carboxylate attached to the benzene ring and chloroform. By analyzing the TLC, it was confirmed that the reaction had occurred. The first lane contained acetophenone dissolved in ethanol and the top, large spot corresponds to the acetophenone seeing that it is non-polar which allowed it to move up the polar eluent. The two other small spots with lower Rf values, 0.29 and 0.36, most likely correspond to minor amounts of impurities in the acetophenone. These impurities could be due to the oxidation of acetophenone seeing that they are slightly more polar and acetophenone is easily oxidized. By looking at the reaction lane, it can be seen that all the acetophenone has reacted with the chlorine to form a carboxylate and chloroform, both which are more polar. The chloroform has an Rf value of 0 seeing that it is the most polar, due to the difference of electronegativity present in this molecule, and the carboxylate has an RF value of 0.10 being only a little bit less polar than the chloroform. 
	In order to effectively perform the haloform reaction with a final product of benzoic acid, there are multiple key steps that had to be executed. Firstly, haloform reactions logically the presence of a halogen (either Br, Cl or I) and since halides are very toxic, sodium hypochlorite in water (a bleach solution) was used instead. The solution containing NaOCl in water and acetophenone was then boiled gently to accelerate the reaction leading to the formation of a carboxylate and chloroform by lowering the activation level. Next, it was important to add a small amount of acetone which serves to destroy any unreacted hypochlorite, seeing that together they form chloroform which was then evaporated off along with any remaining acetone by boiling for another 15 minutes, seeing that both these compounds have low boiling points. The HCl was then added to acidify the solution with the purpose of protonating the carboxylate and to form the benzoic acid as a precipitate in the ice bath. The mixture was then kept in the ice bath for another 5 minutes to complete precipitation, since it has a lower solubility at lower temperatures. Finally, the precipitate of benzoic acid was filtered by vacuum filtration allowing the collection of the dried product. 
	Overall, the benzoic acid obtained at the end of this experiment was practically pure which means that there were no major sources of error leading to impurities. The percent yield was also relatively high, being 72.81%, but this still means that product was lost throughout the experiment. The major source of lost product would come from all the different transfers of the reaction mixture before the final weighing of the product. These transfers include from the initial measurement of acetophenone in a graduated cylinder into the round-bottom flask, from the RBF into the filter funnel and the Erlenmeyer flask, from there to the Buchner funnel and its final weighing after vacuum filtration. Another source of error leading to a decreased yield would be if not enough HCl was added, which would lead to leftover unreacted carboxylate ions in the mixture which were supposed to be reacted to form benzoic acid. 
	Signal (Peak) 
	Chemical shift (ppm) – approximate values
	Integration
	Multiplicity

	A
	9-6.5 (aromatic C-H)
	2
	Doublet

	B
	9-6.5 (aromatic C-H)
	2
	Triplet

	C
	9-6.5 (aromatic C-H)
	1
	Triplet

	D
	2.4-2.1 (proton next to C=O)
	2
	Triplet

	E
	3.8-3.2 (proton next to OH)
	1
	Quartet

	F
	9-6.5 (aromatic C-H)
	2
	Doublet

	G
	9-6.5 (aromatic C-H)
	2
	Triplet

	H
	9-6.5 (aromatic C-H)
	1
	Triplet

	I
	5.5-0.5 (alcohol)
	1
	Doublet


1H NMR analysis:
Aldol product:




	Signal (Peak)
	Chemical shift (ppm) – approximate values[footnoteRef:1] [1:  The approximate values of the chemical shift are based off Table 5.4 (Pavia’s 5th Ed.)] 

	Integration
	Multiplicity

	A
	9-6.5 (aromatic C-H)
	2
	Doublet

	B
	9-6.5 (aromatic C-H)
	2
	Triplet

	C
	9-6.5 (aromatic C-H)
	1
	Triplet

	D
	8.8-4.2 (alkene C-H)
	1
	Doublet

	E
	8.8-4.2 (alkene C-H)
	1
	Doublet

	F
	9-6.5 (aromatic C-H)
	2
	Doublet

	G
	9-6.5 (aromatic C-H)
	2
	Triplet

	H
	9-6.5 (aromatic C-H)
	1
	Triplet


Aldol condensation product: 




The easiest way to use 1H NMR to tell whether you formed the aldol product or the aldol condensation product would be by counting the number of signals on the spectrum. The aldol product will have 9 signals whereas the aldol condensation product will only have 8. You could also count the integration to count the number of hydrogen in each compound, aldol product will have 14 hydrogens and the condensation product will only have 12.
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