



EXPERIMENT 3: Reduction of benzil
and recrystallization of hydrobenzoin
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I N T R O D U C T I O N 

     This laboratory experiment was focused on observing the different reactions of oxidation and reduction. The methods of recrystallization would also be used to purify organic compound. The process of recrystallization is to dissolve an impure material inside a solvent and then filter the solution to remove the impurities. This allows the compound to crystallize by cooling and then solids can be recovered through filtration (suction filtration in this case). The definition of a “redox” reaction is the loss or gain of electrons between the species undergoing the reaction. If the number of electrons is added to original sum, the molecule is being reduced and vice versa to a molecule being oxidized. Redox reactions are quite important in organic chemistry as well as the complex web of life with examples all the way from cellular respiration to acid mine drainage on the environmental side of things. In this lab, small-scale redox reactions were observed, specifically with regards to the reduction of benzil to benzoin.  Sodium Borohydride was used to do this, leaving four possibilities to how the reaction mechanisms could have occurred below in “Scheme 1.”

 Scheme 1: Reaction Mechanism for the Reduction of Benzil














   




 

 The transfer of hydride from the Borohydride to the carbonyl group on the benzil is illustrated above. The product that is produced removes a proton from the solvent (EtOAc) and forms an O-H bond. This action allows the molecule to react to the borane byproduct, forming a borate ester, which can be shown in “Scheme 2” below.
	
Scheme 2: Reaction Mechanism of Borate Ester













   


    






Once the benzil is reduced the reaction occurs as NaBH2 catalyzes the hydrolysis of the borate ester in water-soluble boric acid. Water will react and result in an intermediate, which will occur alongside a loss of hydrogen. The hydrides will then be replaced with water to form the boric acid, propelling the solvent of EtOAc, which can then catalyze the rest of the final product.

    The overall reaction will produce a variety of different stereoisomers. To determine which ones are present, the diols will be converted into acetonide and can be shown in Scheme 3. 



Scheme 3: Reaction Mechanism for the Conversion to Acetonide









































P R O C E D U R E 

· 1.01 g of benzil was placed in a 100 mL round bottom flask with 10 mL of ethanol with a stir bar added to the mixture
· An ice bath was created for the flask to be gently placed in with a clamp making sure it didn’t fall over. It was manipulated by tilting it for some time to make sure all the mixture dissolved
· 0.21 g of sodium borohydride was added in three equal proportions every minute for three minutes and was left for 10 minutes to continue stirring
· The flask was removed from the ice bath and set to cool to room temperature for approximately 10 minutes
· A TLC plate was prepared in regards to a benzil reference. The eluent used was 1:3 EtOAc: Hexanes. 
· Another beaker was prepared to house 50 mL of boiled water at 80C. 10 mL of water was added to the flask in intervals until the bubbling stopped. Next, 20 mL of hot water was added to allow the mixture to get brought to a gentle boil and urge crystals to form
· The flask was then removed and set to cool for 10 minutes or so to allow further crystallization to occur
· Crystals in the flask were then collected through a suction filtration method and lightly washed with a small amount of cold water/left to dry
	COMPOUND
	MOL WT. (g/mol)
	AMOUNT USED (g or mL)

	Benzil
	210.23
	1.01 g

	Ethanol
	46.07
	10 mL

	Sodium Borohydride
	37.83
	0.21 g

	Water
	18.02
	30 mL

	CH2Cl2
	84.03
	25.0 mL

	2-methoxypropene
	72.12
	1.0 mL

	P-Toluenesulfonic acid
	172.2
	0.06 g

	1:3 EtOAc : Hexane
	174.28
	20 mL


· Another TLC plate was taken of the crystals while dissolving them in dichloromethane 
· 600 mg of the benzoin product was added to 25.0 mL of CH2Cl2 along with the stir bar.
· 1.0 mL of 2-methoxypropene and 0.06 g of p-toluenesulfonic acid was added to the mixture and was left to stir for 30 minutes
· Another TLC plate was taken for the mixture after 30 minutes to compare with trans and cis benzoin products

TABLE 1: Table of Reagents

                                                  TLC Plate Results

                                                                PART A
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                                                             PART B
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O B S E R V A T I O N S


PART A

· Benzil is a bright, yellow powdery substance while the ethanol is a clear liquid. Once mixed together the liquid turns mustard yellow until it fully dissolves with the help of the stir bar
· Pill turns rapidly and tilting of the flask had to occur to dissolve everything successfully 
· After the Sodium Borohydride was added: not much noticed when first portion was added right away, after approximately 40 seconds the solutions seemed to get a little clearer
· After the second portion was added, it got a light clearer within the first few seconds, almost white in colour and pretty cloudy
· After the third portion was added, it got a lot paler and after approximately 5 minutes, the solution started to dissolve and become clear, losing the cloudy texture. After 10 minutes, the solution is almost completely clear with only a few small clumps of powder left in.
· TLC plates were prepped and observed (see observations in the TLC plate section)
· After 10 mL of hot water was added to the flask, grains from the powder disappeared and a pale yellow solution was created. Bubbling started to occur after approximately 25 seconds, gradually increasing.
· Bubbling becomes vigorous, and starts to become clear after approximately 5 minutes.
· After adding 20 more mL of hot water, the solutions instantly becomes clear and bubbling stops and then resumes at a more tame rate.
· Yellow colour can barely be seen at this point and the rapid bubbling occurs again.
· Bubbles cushion at the top, and the bubbling slowly begins to decrease again.
· Crystals seen forming as the mixture begins to cool to room temp, bubbling ceases. 
· A lot of white and flaky crystals seen forming at top and floating in the solution. An ice bath is used to speed up this process.


SUCTION FILTRATION

· Solution is poured into a collector at the top of the flask and water is turned on, forming a suction that separates the liquid from the solid crystals
· Clear substance settles on bottom of the liquid and is kind of bubbly/foamy. 
· Crystals derived are shiny, white and flaky; a significant amount was received. 
· Mass of crystals received = 0.85 g.


PART B

· Once CH2Cl2 is added, it dissolved instantly is a clear liquid
· After adding p-toluenesulfonic acid, the liquid undergoes a pretty transformation; it turns bright yellow, orange, wine red, and then becomes an even deeper wine-coloured red (sorry I just really like wine), and finally, a darker brown in the span of 30 seconds. 
· Solution stays this darker colour for the remainder of the time, gradually increasing until it becomes almost a black by the end of the lab period.

















Q U E S T I O N S   C O N T I N U E D


3) It is possible that the recovery was slower than usual is due to the fact that dissolving at room temperature and cooling right after is not an efficient method on the road to recrystallization. This person should heat the solution to a higher temperature to dissolve the largest quantity possible within a minimum amount of solvent. After, it would be preferable to cool the solution to a temperature below freezing. This large change in temperature over a longer period of time will result in more products being derived from the solution. An anti-solvent can also be used to increase the final yield. A solvent added that doesn’t dissolve the product would force more of the product out of the solution.

4) A: 1-Butanol is not obtained because the acid protons from butanoic acid react with basic hydrides within the sodium borohydride, which is a reducing agent because of the hydrogen ions reducing the carboxylic acids into alcohols. Giving this information, sodium borohydride would be a suitable candidate to have enough power to reduce a carboxylic acid. Decomposition of the reducing agent occurs and 1-butanol is not derived. 
 
B: Sodium borohydride adds a hydrogen ion to the mechanism, resulting in the carboxylic acid effectively reducing to an aldehyde of butanal. 

5) Due to the presence of the OMe group, the molecule is very large distributes charge and electrons. Because of the larger size present, the electron repulsion has a large area at which it’s composed. It’s difficult for this molecule to react with the nucleophile from any angle, so the only way for the Nu to enter is from the bottom. The transfer of electrons occur at this angle and cause the hydroxyl group to be extending out of the plane of the page (as illustrated below. 








D I S C U S S I O N

Discussion of Results:

     By the end of this laboratory experiment, 0.85 grams of crystals were produced with a percentage yield of 82.6%. This outcome was expected as the experiment was carefully executed to allow for minimum source of error. After each major step of the experiment, TLC plates were used to determine how well each reaction was proceeding. All were resolved with efficient results and none needed to be redone. TLC plates’ main purpose is to determine whether a reaction has finished due to the fact that all the starting material would have had to be consumed. Larger Rf values in our TLC plates determined that the TLC solvent was less polar, thus moving up to the top of the plate. In this lab, the TLC plates were used to determine the purity of a certain substance. To give an example, if multiple blotches are seen on the plate, then it can be concluded that the mixture has many different compounds. If they are all clumped together, it could also be difficult to find out which substance is which on the plate. The TLC plates conducted came out nicely and clump-free in a neatly organized fashion, allowing us to proceed with the experiment without much difficulty. 

How the Reaction occurs:
 
    Sodium Borohydride is the reducing agent within this reaction, meaning it becomes oxidized. The four hydrides within the molecule interact with a ketone functional group, which in turn creates an alcohol group formed by the breaking of the pi bond holding the ketone’s carbonyl group in place. The carbon attached to the oxygen is considered as an electrophile, which forms a hydroxyl group. When water was added to the flask during this experiment, its purpose was to stop the Borohydride from reducing the benzene that would lead to hydrobenzoin. The water added changes alkoxyborohydride to alkoxyborane, leaving the production of hydrogen gas occurring after the reaction. Boric acid Sodium Borohydride is the reducing agent within this reaction, meaning it becomes oxidized.  is also eventually formed. The alcohol solvent eventually precipitates out since due to the fact that it’s an organic compound in a solvent of inorganic when it’s set to cool. 

TLC plate Dissection for Benzoin Products:

     The trans derivative represents an anti benzoin product while the cis derivative represents the syn stereochemistry aspects of the benzoin product. On the TLC plates, the cis benzoin product would’ve travelled slower up the plate and have a smaller Rf value because it has the highest dipole attractions. However, on the TLC plate during the performed experiment, there was a much higher concentration of trans compared to the cis benzoin. The final result of the benzoin product has variations in stereochemistry, either having –OH groups on the syn or anti side of the molecule. The reason why there is more of a concentration of trans than cis could possibly be due to the fact that the activation energy could’ve influences why one product is more prominent than the other. The nucleophile can approach from the bottom or the top once the benzil reduces in the reaction, but there is an equal possibility of both variants occurring in the end product. By observing a Newman Projection, it’s possibly to illustrate how a ketone is reduced to a hydroxyl group with another nucleophile (most likely sodium) approaching the carbon electrocentre: 


 










     In turn, the nucleophile approaches from a specific angle (approximately 107 degrees). When this substance approaches the molecule, the hydroxyl group makes it harder to enter, thus not favouring the reaction. Once the nucleophile approaches from the opposite side, the reaction is favoured because there is less repulsion from the hydroxyl group. In the end, the favoured orientation is anti because when the molecule is converted to zigzag format, the OH groups are at different planes when the stereocentre is aligned with the phenyl/carbon groups.  







Sources of Potential Error:

     Even though the outcome of this experiment was successful, there was still room for 17% of error that occurred. Sources of potential error that could have occurred could consist of many factors, one being time. There was a lot to cover in this experiment. Luckily, TLC plates during this experiment proved to be efficient. However, the rush of needing to finish on time could have contaminated other areas that needed more time and precisions.  Also, the crystals needed a significant amount of time to dry. This wasn’t optional for many of the people within the lab section, so excess water remained, skewering the results of mass. It’s also quite possible (and did happen) that crystals unable to be collected remained stuck to the paper filter, suction flask and around the apparatus. This would have lessened the amount of mass collected. 
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