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Introduction: 

Mechanism of the reduction with NaBH4 
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The general equation for Acetalization:
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Procedure: 
Refer to Introductory to Organic Chemistry Laboratory Manual 2017. By Prof. William Ogilvie and Prof. Tony Durst. Experiment 4: Stereochemical Analysis of the Reduction of Benzyl. Page 34-41. 



Observations 

· The benzil turns yellow in the ethanol, which mixes for approximately 10 minutes in the stir plate 
· This solution changed colour into a cloudy liquid that included some precipitate. 
· The mass of benzil added was 1.0g
· With 0.29g of white sodium borohydride.
· A clear lquid was created when the reaction mixture was stirred without the ice bath 
· The crystals that were collected from the suction filtration were mixed with 2-methoxypropene and p-toluenesulfonic acid creating a dark brown/ red opaque solution.

Table of Reagents: 

	Reagent 
	Molecular Weight (g/mol) 
	Amount (g or ml) 
	Density (g/ml) 
	Moles (mol) 

	Benzyl 
	210.23
	1.0g
	-
	0.00477

	NaBH4
	37.83
	0.29g
	-
	0.0077

	Ethanol 
	-
	10.0mL
	-
	-

	p-toulenesulfonic
	172.2
	0.05g
	1.24
	- 

	2-methoxypropene 
	72.11
	1.0mL
	0.753
	0.0072



Table of Products: 


	Product 
	Amount (g)
	Molecular Weight (g/mol)
	# of Mol
	% Yield 

	Benzoine 
	0.9 g 
	214
	0.0042
	90.74%











TLCs 

TLC #1 


     [image: ]            B – benzil dissolved in dichloromethane 
Co – Co-spot 
RM – reaction mixture 





TLC #2 

    [image: ]  D – Final Product 
Co – Co-spot 
Ref – No Reference used 













TLC #3 

[image: ]DP – Diol Product 
Co – Co-spot 
RM – reaction mixture of part 2




TLC #4 

         [image: ]    S – Syn acetonide 
Co – co-spot
RM – Reaction Mixture 



TLC #5 

     [image: ]DP – Diol Product 
Co – Co-spot 
RM – reaction mixture of part 2






1) Percent Yield = Percent Yield = (Actual Yield/ Theoretical Yield) * 100 
           = (0.90/1.00) * 100 
           = 90 % 
Questions 

1) Given 3.5 g of A and 10g of B. 
The minimum volume of solvent needed to dissolve both is given by solubility of B 
So, B = 10g * (100ml / 16g) 
                 = 62.5 mL
The solution is cooled to 20 °C and crystals are collected.

At 20 °C we will have in solution: 

1 g of A/100 mL = (x)g of A/62.5 mL 
(x) g  of A = (1/100)*62.5 = 0.625 g A in solution 

1 g of B/100 mL = x (g) of B/62.5 mL 
x g B = (1/100)*62.5 = 0.625 g B in solution 

The sample is composed of 3.5 g of A and 10 g of B 

That means we will have these amounts of solid A and B in the crystals isolated: 

3.5 g of A - 0.625 g A in solution = 2.875 g of solid A 
10 g of B - 0.625 g B in solution = 9.375 g of solid B 

The composition of the crystals:

Total solid isolated = 2.875 g of A + 9.375 g of B = 12.25 g of solid 

% A = 100% * (2.875 g /12.25 g) = 23.47 % 

% B = 100% * (9.375 g /12.25 g) = 76.53 %

The yield of the process: 

   	12.25 g of solid was isolated

           % yield = (12.25 g of solid)/(3.5 g + 10 g) * 100

                        = 90.74 % yield 

The composition of the mother liquor: 

From above,1 g /100 mL = (x) g A/62.5 mL 
mass of A = (1/100) * 62.5 = 0.625 g in solution 

1 g /100 mL = (x) g B/62.5 mL 
mass of B = (1/100) * 62.5 = 0.625 g in solution 

So the mother liquor contains 0.625 g of A and 0.625 g of B.

2) 2.875g of A and 9.375g of B dissolved in 100 Ml

1g of A/ 100 = (X) g of A/100 
              so x = 1g 

1g of B/ 100 = (X) g of B/100 
                  x = 1g 

2.875 g of A – 1g = 1.875g
9.375 g of B – 1g = 8.375g 

Percent Yield = (10.25/ 12.25) * 100 
	           = 83.67 % 

3. The recovery of the student was poor because the student begins the reaction at 25 degrees as opposed to a higher temperature to allow for recrystallization to occur effectively. In recrystallization, a hot solvent is used and then the solution is left to cool so that crystallization can occur. The student did not allow a wider temperature difference when she was done so the recrystallization was ineffective.  For a crystallization to work effectively there should possess similar polarities because “like dissolves like” explaining another reason for the poor recovery, the use of methanol a polar solvent as opposed to a non-polar solvent that will work better with the crude product and allow for better crystallization. The boiling points of the two solvents used in a solvent mixture should be similar, this is not the case for the crude product and methanol contributing to the poor recovery. To obtain more crystals the student should use a solvent that has a higher boiling point and can apply the “like dissolves like” statement (so a non-polar solvent) so a better crystallization can occur. 

4. a) 1-butanol is not obtained because butanoic acid is a carboxylic acid and NaBH4 is not strong enough to reduce it. 
b) The product of this reaction is  will be hydrogen gas that was created fom the hydrogen on NaBH4 and the protons on butanoic acid.  





5.
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There are two stereocenters. This is shown because the first stereocenter runs clockwise when labelled 1,2,3 and opposite for the other stereocenter. 

Discussion: 

The purpose of this Lab was to calculate the percent yield of a benzil product with the use of recrystallization and suction filtration. TLC plates were used to see if the reactions were completed properly and to detest the impurities present in a solution. 

Part A:  
The use of NaBH4 was important as it is used in the workup and facilitate the purification of the product desired. The purpose of acid or base in the NaBH4 workup is to catalyze the hydrolysis of the borate ester.This facilitates the isolation and purification of the product, which is not normally soluble in water. The recrystallization is then ready to be done, this is important because it allows good purification to be done and yet all the isomers will still be present at the end. The ice bath slows down the reaction and allows for all the impurities to dissolve well for the recrystallization process that is followed by the hot water that is used as a catalyst in the reaction. The hot water was used to quench all the remaining NaBH4 and to solubilize all the salt in the impurities to allow the recrystallization to occur.  After the solution crystallized, we were able to perform a suction filtration in order to calculate our percent yield. 
After crystallization, two TLCs were done. The first TLC was to show if the reaction mixture had reached completion and the other to see if the final product was in the reaction mixture. The first TLC shows that the reaction went to completion because there was no presence of benzil in the reaction mixture, this is an important because it shows that the reaction mixture did not have any of the benzil in it. The second TLC that was done did not have a reference but it shows that the diol went into completion because of the top spot on the TLC, there was however an extra spot on the diol lane which can be explained by contamination of the test tube that was used. 

Part B: 
The second part of this reaction was to determine the major product of the reaction (syn acetinode or anti acetinode). The crystals that were collected from the suction filtration was mixed with 2-methoxypropene and p-toluenesulfonic acid. When these three elements were mixed a dark brown/ red change was created. After it was stirred for 30 minutes it was tested on 3 TLC plates. The first TLC of this part compared the diol product with the dark red solution that was created, this produced an inaccurate TLC because there were contaminations to the final product of part A. The solution that was created when final product of part A was mixed with dichloromethane created a blue solution, this is a source of error that probably occurred because the test tube was not cleaned with acetone prior to its use. There might have been methyl blue present in the test tube tampering with the results that was created by the TLC. The TLC should have looked a little like this: 
[image: ]
to indicate that the reaction was complete.

The second and third TLC of this part shows us the presence of syn acetonide and anti acetonide. The errors that occurred on this TLC was due to shortage of time, towards the end of the experiment there was not enough time to let the spots rise to their highest point in addition to constant movement of the jar with the eluent and the TLCs present. This produced inaccurate measurements and movements causing extra spots and streaks. This streaks could also have been caused by the impurities that were present in the solution. In addition to these error, the most important error is the blue solution that was created with the diol product and dichloromethane in the test tube because of the presence of methyl blue. This affects the spots that were made on the TLC plate drastically. This could not be corrected because of the lack of time toward the end of the lab. If it hard to determine the major product of the reaction because of the contaminations, however, the best guess would be syn actinide because of the abundance of spots with the same Rf values. 
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