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Introduction:
The purpose of this lab was to calculate the percent yield of the hydrobenzoin produced, and then TLC plates were used to determine if reactions were complete and if there were any stereoisomers present.
The first and primary reaction was a reduction reaction. A reduction reaction is always paired with an oxidation reaction, thus named a redox reaction.  A redox reaction involves the transfer of electrons.  The reduction part of the reaction, which this experiment is focused on, is the gain of electrons (Clark, 2013).
The reduction reaction included sodium borohydride (NaBH4) and benzil.  There are two steps to this reaction.  First, the benzil and sodium borohydride react to produce a benzoin, which then secondly reacts further to produce a hydrobenzoin.  There are three potential net products of this reaction (refer to reduction of sodium borohydride).
In order to obtain and purify the hydrobenzoin recrystallization is performed.  Recrystallization is a process where the compound is purified in both very hot and cold solvents.  Firstly the hydrobenzoin is dissolved in a hot solvent, in this experiment hot water.  Next, the hydrobenzoin is cooled to form crystals.  Finally, the hydrobenzoin crystals are recovered using the method of suction filtration.
	Reduction of sodium borohydride:












Mechanism of reduction:
























Procedure and Observations:
Table 1: Quantitative values of reagents
	Compound
	Molecular Weight (g/mol)1
	Density (g/cm3 or g/mL)1
	Amount (g or mL)2
	Millimoles (mmol)3

	Benzil
	210.23
	1.52
	0.9
	4.28

	NaBH4
	37.83
	1.04
	0.18
	4.76

	Ethanol
	46.07
	0.789
	9.65
	165

	Hydrobenzoin
	214.26
	1.193
	0.31
	1.45

	2-methoxypropene
	72.11
	0.753
	0.5
	5.22

	p-toluenesulfonic acid
	172.20
	1.24
	0.024
	0.139


1: Molecular weight and density of compounds taken from MSDS forms.
2: Amount used in experiment (refer to Procedure)
3: Refer to Calculation 2
Part A:
	Procedure
1. Using a weighing paper that was folded along both diagonals, 0.9 g of benzyl was measured and placed into a 50 mL Erlenmeyer flask.
2. A magnetic stir bar was put into the flask carefully by tilting the flask to one side and sliding the stir bar into the flask.
3. 9.65 mL of ethanol were added to the Erlenmeyer flask.  
4. A 250 mL beaker was filled with ice and placed on a magnetic stir plate.  The Erlenmeyer flask was then clamped in place in the ice bath without touching the bottom of the beaker.  The solution was stirred for 5 minutes at a stir setting of 7.
5. 0.18 g of sodium borohydride was added to the reaction flask in three equal portions at 2 minute intervals.  The mixture was then stirred for another 10 minutes.  Throughout the process the mixture lost its original yellow colour (refer to Table 1).
6. The ice bath was then removed and the solution was stirred for another 10 minutes, allowing it to warm to room temperature (refer to Table 1).
7. A TLC of the reaction mixture was taken to then determine if the reaction was complete (refer to Figure 2).  The TLC plate had three lanes: reference (benzil), co-spot, and the reaction mixture.  1:3 EtOAc:Hexanes was used as the eluent.
8. The reaction flask was then placed on a hotplate, where approximately 10 mL of hot water was added into the flask.  The mixture became clear and pale yellow, and began to bubble.
9. The reaction flask was stirred approximately every 20 seconds for 5 minutes, until the bubbling ceased.
10. The flask was then removed from the heat and placed in an ice bath undisturbed to crystallize.
11. While the flask was cooling, a suction filtration was set up.  A suction flask was attached to the sink using rubber tubing.  A Büchner funnel was attached to the top of the suction flask with a rubber gasket and clamp.  A filter paper was then placed into the Büchner funnel.
12. The solution in the reaction flask with the crystals was then put into the filtration setup, where the crystals were extracted and then dried.  310 mg of crystal was produced, with a percent yield of 33.9% (refer to Calculation 1).
Observations
Table 2: The following observations were made during steps 5 & 6.
	Time (min)
	Amount of Sodium Borohydride Added (g)
	Temperature
	Qualitative Observation

	2
	~0.6
	Cooling
	Fully dissolved; pale yellow

	4
	~0.6
	Cooling
	Slightly losing colour; bubbles forming

	6
	~0.6
	Cooling
	More bubbles forming; opaque solution

	16
	0
	Cooling
	Losing colour; white, opaque solution

	26
	0
	Room temperature
	Reaction complete: completely white solution



 (
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)Figure 1: The reaction mixture after step 6	Figure 2: TLC plate from step 7
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Part B:
	Procedure
13. 300 mg of the diol product was placed in a 25 mL round bottom flask.  12 mL of CH2Cl2 was then added to make a solution.  After the compound has dissolved a stirring bar was added to the flask.
14. 0.5 mL of 2-methoxypropene and 24 mg of p-toluenesulonic acid was added to the flask.  The mixture was then stirred for 30 minutes at room temperature.  The mixture was an orange, clear solution.

Note: Experiment was not finished in allotted time; therefore other results were used to explain the concepts.
	Observations
Figure 3: TLC plates of the final reaction mixture with syn and anti acetonide (results used from other lab group, refer to R1).
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Calculations:
	Calculation 1: Percent yield of diol product



Calculation 2: Calculating mmol of compound
	Sample calculation with grams (benzil)





Sample calculation with mL (ethanol)









Discussion:
In this experiment there were a few sources of error.  Firstly, it is evident that Part A was not properly done; as the percent yield is 33.9 % (refer to calculation 1).  This percent yield indicates that the product made is not sufficient.  This is due to not properly heating, and then cooling the hydrobenzoin compound in steps 8-10.  The solution should have been heated afterwards at a lower temperature, to allow the solution to rest at a hot temperature, but not boiling.  Then the hydrobenzoin should have been left in the ice bath for longer to allow the crystals to completely form.  
The TLC plates for this experiment are very important.  The first use of the plates is to indicate reaction completion.  In Part A the reaction is shown to be complete since there is no more of the sample product (reaction mixture) left (refer to Figure 2).  However, in Part B it is evident that the reaction is not complete (refer to Figure 3) as there are several dots in the sample column.  The second purpose of the TLC plates is to determine if there are any stereoisomers.  This is done by comparing the dot in the sample column of the TLC to the reference lanes of the two TLCs (anti and syn).
There are three parts to the workup of the experiment.  The workup includes the steps that are done after the reaction is complete.  The first part of the work up is the recrystallization process.  In order for this process to be successful the solution must be extremely cooled, then brought back to room temperature, then extremely heated, and brought back to room temperature.  This method is suited for this experiment since at the end of this purification all of the isomers are present.  The next part of the work up is the suction filtration.  This portion removes the solvent from the crystals by drying them.  During this process any unreacted sodium borohydride is quenched, and consequently hydrogen gas is formed.  The third part of the work up is separating the products with 2-methoxypropene.
Since the TLC plates from Part B were not successful, it is hard to determine what stereoisomers would be present.  However, if the TLC plates resembled those of Figure 4 it would be determined that the anti stereoisomer is present.  It is generally expected that the anti stereoisomer is expected because as it is the favoured compound.  This preference is due to the stereoselectivity of the compound.  The anti isomer is not as polar as the syn isomer.  This is due to the dipole effect of this compound (refer to Figure 5).
Figure 4: Successful TLC plates of final product






Figure 5: An explanation of the polarity of the two stereoisomers.
























Questions:
1.  a) Calculate minimum amount to dissolve A & B
A- 

B- 

Compound B has the higher minimum amount to dissolve, therefore that is the minimum amount to dissolve the mixture.
		b) Calculate soluble amounts at 200C.

			A-  

			B-  
		c) Calculate the composition of crystals

			A- 

			B-  
		d) Calculate percent yield

			
2.  a) Calculate soluble amounts at 200C.
A- 

B- 

b) Calculate the composition of crystals

	A- 

	B- 
c) Calculate percent yield

	
3.  Since the student started with a low boiling point liquid (methanol at 250C) and cooled it from that point, there is a less chance of forming a saturated product and obtaining more crystals.  To improve her experiment she should use a liquid with a higher boiling point, for example butanol at 1170C, and then cool from that point.
4. a) Sodium borohydride is a mild reducing agent and therefore does not completely reduce carboxylic acids.  The hydride prefers the proton to the carbonyl.  Bubbling is still observed as it is caused by hydrogen gas production.
b) Since sodium borohydride is only a mild reducing agent, it can only effectively reduce carbonyls once, thus producing an aldehyde.  In this case the aldehyde produced would be butanal (Reusch, 2013).
5. 
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