Lab #3
Reduction of 3-Nitroacetophenone
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Introduction.

Oxidation-reduction reactions are polar reactions in chemistry. Generally, oxygen drives the chemical reaction for oxidizing glucose into carbon dioxide and producing ATP. The carbon dioxide product in environment is then reduced by plants to create carbon dioxide and glucose.

In organic chemistry, a gain in hydrogen electrons is a reduction reaction and a gain in oxygen atoms is an oxidation reaction.When we have and oxidized compound we are dealing with a compound that has lost electrons and in other hand a reduced compound is the type of compound that has gained electrons. 

A frequently used reducing agent is sodium borohydride (NaBH4). In a oxidation-reduction reaction using this reducing agent, the hydride from the boron is transferred to the carbonyl group. The hydride is a nucleophile in the reaction and will donate an electron pair.

Figure 1: Sodium Borohydride





Beside Sodium Borohydride other reducing agents that we can mention  are hydrogen gas with a catalyst, tin and other metals, and lithium aluminum hydride (LiAlH4).
Lithium aluminum hydride's higher reactivity results in violent reactions with water, acids and protic solvents, but more importantly makes it useful in reducing esters, carboxylic acids and amides.

Between lithium aluminum hybride and sodium borohydride, the sodium hybride is less reactive than lithium aluminum hydride.
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By knowing that sodium hybrid is less reactive then it is used to reduce ketones and aldehydes. It is advantageous over LiAlH4 because of its selectivity and its usability with protic solvents. Once NaBH4 has completely reduced a carbonyl to an alcohol, it is oxidized into a borate ester B(OR)4-. Adding an acidic aqueous solution afterwards causes the hydrolysis of the borate ester into a salt and boric acid, B(OH)3.

Figure 2: 3-Nitroacetophenone



 (
Undesired nitro group
) (
Desired carbonyl group
) 

There are two possible reduction sites on 3-nitroacetophenone, shown in Figure 2, are the carbonyl and the nitro group. The correct reagent must be used to selectively reduce the appropriate functional group and no other. Sodium borohydride is able to selectively reduce the desired carbonyl functional group to an alcohol without reducing the nitro group to an amine.
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Procedure:

Please Refer to Lab Manual for Procedure.

Observations and Results:

0.50 g of 3-Nitroacetophenone was obtained (yellow powder).
6.0 ml of absolute ethanol was obtained (clear, colourless liquid).
We mixed compounds together and a gained a yellow liquid mixture.

0.175 g sodium borohydried(powder) was added to the solution in three equal level.

After the first addition of NaBH4, we observed the solution becoming an opaque orange liquid.
After the second addition of NaBH4, the solution became more of gold color.
After the last addition of   NaBH4 was added, the solution was going more towards orange color.

The liquid solution was heated for approximately 15 minutes ( it was boiling), we observed a bright yellow color and then the solution was colorless.
After the solution was cooled down, baubles( hydron gas ) were gathered at the bottom of the solution .

3M concentration HCL (clear liquid) was added drop wise to the solution, which made bubbling stop.

The solution was cooled down in an ice bath for 10 minutes; we observed crystallization in some point in the solution.

By using the separatory funnel we were able to separate the aqueous phase (colorless, top layer) from organic phase (light yellow, bottom layer). 

Two phases were again seen in the separatory funnel when the combined organic extracts (light yellow, bottom layer) and water (colourless, top layer) were added.

Na2SO4 is a drying agent that is a white, crystalline powder was added to the organic phase.
We observed the agent became hydrated and formed small, white crystal grains.

Our Erlenmeyer flask was weighted 40.92 g when was empty and 41.91 g when organic phase was filtered into the flask.

After heating the flask on a hot plate and evaporating the dichloromethane, the final product was isolated, observed as a viscous, deep yellow substance and calculated to have a mass of  0.99 g. 

We gained the percent yield value of 198%. 
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Discussion: 


The purpose of this lab was to selectively reduce the carbonyl group of a ketone to convert it into an alcohol. The first step of the lab was to measure an exact mass of 3-nitroacetophenone which will be used in the end to determine the percent yield of product (reduced reactant) isolated by the experiment. In this experiment, 0.50 g of 3-nitroacetophenone was weighed out then dissolved in 6.0 mL absolute ethanol. This is dissolved in ethanol and heated, so that the 3-nitroacetophenone is in a liquid phase that can dissolve future solutes.


A mass of 0.175 g of sodium borohydride, the reducing agent that will appropriately reduce just the carbonyl group, was added and dissolved into the solution in three equal portions. This is an exothermic reaction where if all the sodium borohydride was added at once, there could be enough energy (with heat) to create side reactions and impurities affecting mass of final product, etc.


The solution is then heated for 15 minutes to complete, not only dissolving, but the reaction to the borate ester form where 3 R groups of 3-nitroacetophenone derivatives are bonded between the 4 oxygen atoms to the boron .The TLC can determine if the reaction has completed based on the location of the spots. 


Having concluded the reaction as completed, a 3M HCl solution was added drop-wise to protonate the oxygen of each R group attached to the boron with an H atom from HCl 4 times. This can be seen in Step 6 of Figure 3 with one protonation. Now the hydrogen gas source is the dissociation of the water molecules added in Step 5 of the Procedure. Four hydroxyl groups, dissociated from the water, bond to the boron creating a tetrahydroxyborate ions. With these new bonds being created, the previous bond between the oxygen atoms of the R group and boron are broken the same number of times. This resulting break creates four desired alcohol molecules of 3-nitroacetophenone with the reduced carbonyl group as seen in the final step of the mechanism with a salt product, NaCl, and a tetrahydroxyborate ion (though boric acid is formed as mentioned in the Introduction, in the presence of water and other conditions, it becomes the ion form).

The reaction mechanism of the experiment is completed and the remaining steps lead to the separation of the reduced alcohol product using a separatory funnel. The dichloromethane will dissolve the reduced alcohol product of 3-nitroacetophenone as the organic phase while all the ions including the salt and tetrahydroxyborate ions will dissolve into the aqueous layer. Two more extractions of the organic phase will ensure an exponential recovery of the reduced product. The next extraction introduces water to further remove any aqueous products from the 
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above reaction mechanism such as ions. With the final, collective organic phase collected in a 
flask, the contents are introduced to NaSO4, a reducing agent, to completely remove the water impurity which will affect mass of the pure product.

The organic phase is filtered into a pre-weighed flask (40.92 g )The difference in weight before and after the organic phase with dichloromethane being boiled away will be the mass of the isolated product. 0.99 g of the product was isolated and resulted in a percent yield of 198%. This high percent yield value could be  because of not waiting long enough when we boiled the solutions.

Questions: 

1. 4H2O + 4C8H7NO3 + BH4-                     4C8H9NO3 + B(OH)4-


2. a) 1-butanol is not obtained because sodium borohydride is not reactive enough to reduce carboxylic acids.


 	b) The product of the reaction is hydrogen gas (H2) and the following:





        3.  a) NaBH4       b) LiAlH4        c) LiAlH4        d) NaBH4
           4.     a)                                                                                               b)  




                 c)                                                                                              d)    
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