Lab #3 Reduction of 3-Nitroacetophenone

Introduction:

Extraction: This method uses a different technique in which the two chemical compounds being separated are in immiscible solvents, also known as phases. By using a separatory funnel, one phase is separated from the other leaving the impurities behind. 

The following lab will explore the pivotal role oxidation and reduction reactions play in chemical transformation. In an organic oxidation, the compound typically loses hydrogen atoms. In reduction the compound gains hydrogen atoms.  A commonly used reducing agent, Sodium Borohydride (NaBH4), will be used to reduce 3-Nitroacetophenone and with the actual, theoretical and percent yield of the following reaction will be calculated.

Mechanism for Reducing 3-Nitroacetophenone with Sodium Borohydride:







*In the presence of the carbonyl group the sodium borohydride delivers H- to its target functional group


Procedure and Observations:

Table of reagents:

	Compound
	 Mol. Wt. (g/mol)
	Amount ( g or mL)
	Density (g/mL)
	Moles(mol)

	[image: ]
	165 g/mol
	0.5 g
	.075
	.0030 mol

	NaBH4
	37.7 g/mol
	0.09 g
	.014
	.0024 mol

	Ethanol
	46 g/ mol
	6.05 mL
	0.91
	.1313 mol



1. 0.5 g of 3-nitroacetophenone is measured using a folded piece of weighing paper and placed in in a 50 mL round bottom flask.
2. A magnetic stir bar was carefully placed in the flask and the starting material was dissolved in absolute ethanol using gentle stirring. Stirring the mixture is necessary to ensure that most of the starting material has dissolved.
3. 80mg of sodium borohydride is added to the reaction flask in 3 equal portions, waiting approximately 2 minutes between additions. Once the addition is complete, stirring continues for 15 minutes.
4.   A TLC of the reaction mixture is taken to determine if the reaction has been completed. The TLC should have three lanes:  reference (3-nitroacetophenone), co-spot, and the reaction mixture. (1:1 EtOH:Hexanes used as eluent)
5. The first TLC plate shown evidence of the reaction completed. A solution of saturated NH4Cl was added cautiously using a pipette (approx.5 mL). Bubbling was observed. When a white precipitate formed, a small amount of water was added and the mixture was stirred for 5 minutes.
6. The mixture is then poured into a separatory funnel and the flask is rinsed with approximately 5 mL of dichloromethane to ensure that the entire product has been transferred. The funnel is then stoppered and shaken briefly and the layers of the mixture separate. 
7. One the layers have separated, the bottom organic layer is drawn off into a clean Erlenmeyer flask. The aqueous phase is removed from the separatory funnel and stored in a separate flask.
8. The organic extracts are added to the separatory funnel and washed with approximately 5 mL of water. The organic phase is then transferred into a clean and dry Erlenmeyer flask.
9. The organic phase is then dried with Na2SO4 for approximately two minutes; the solution is filtered through a fluid filter paper using a glass funnel into an Erlenmeyer flask.
10. 3 mL of toluene is added to the solution, and then the organic phase is evaporated on a hot plate (on medium setting) in the fume hood until an oily substance is obtained.
11. The oily substance is recrystallized by dissolving it in a minimum amount of hot toluene. To do this, small amounts of toluene were added with a pipette to dissolve the sample while on a hot plate.
12. After the solution had cooled to room temperature, the mixture is then cooled in an ice bath to complete the crystallization. 
13. The product was collected over suction filtration (5 minutes to dry the product)
14. The mass of the product and the percent yield is then determined. A final TLC is performed to compare with the starting material.

TLC Sketches














	Initial appearance of the mixture

	Clear, yellow tinged

	Appearance of the reaction mixture after addition of NaBH4

	Yellow, almost orange, becoming opaque







Data Table:

	Object
	Mass(g)

	Empty, clean flask
	93.73g

	Flask with product
	108.95g

	Product(actual yield)
	1.02g

	Theoretical yield
	0.49g

	Percent yield(%)
	208%

	Melting point
	75-79  C

	Mass of magnetic stir-stick
	3.90g


Discussion:

In this experiment the 3-nitroacetophenone was reduced by sodium borohydride and the crystals were produced, showing that the compounds were separated. To prove that this separation was successful TLC plates were produced, both showing that the reactions were complete. Measuring the weight of the empty, clean flask and the flask of the product, the final weight of the product was found to be 1.02g (actual yield). The theoretical yield of the reaction as 0.49 g. The theoretical yield was calculated by calculating a limiting reagent problem assuming that the reaction goes to completion (perfect separation). The percent yield of the reaction was 208%. The percent yield was calculated by the equation that: [%yield= theoretical yield/ actual yield].The melting point of the product is 75-79 C. This data indicates that the product yielded was the predicted product with excess. Some reasons for this large margin of error could be that when the sodium borohydride was added, the stirring of the reaction only took place for 10 minutes. This was uncharacteristically faster in comparison to the class experiments. However, the TLC plate produced showed that the reaction had fully separated. Although the TLC plate indicated a separated reaction, the margin of separation was minimal. This could have affected the remainder of the experiment id the separation was not fully completed.

Questions: 

1)


2)





3)


4)
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