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Introduction:

The purpose of this experiment is to learn how to use sodium borohydride to reduce benzyl to its secondary alcohol product via reduction reaction. While observing chemical reactions, there are two different processes that may occur in order to obtain new compounds. These two processes are known as oxidation and reduction. In this particular experiment however, we will be using reduction in order to transform benzyl (used as organic substrate) into hydrobenzoin, with a series of complex reaction mechanisms with sodium borohydride as the reducing agent and ethanol as the solvent. In an oxidation-reduction reaction using sodium borohydride, the hydride from the boron is transferred to the carbonyl group. The hydride now acts as a nucleophile in the reaction and will donate an electron pair. Other reducing agents include hydrogen gas with a crystal, tin and other metals, and lithium aluminium hydride (LiAlH4). LiAlH4  higher reactivity results in violent reactions with water, acids, and protic solvents, but not more importantly makes it useful in reducing esters, carboxylic acids and amides. However sodium hydride is less reactive than lithium aluminium hydride which makes it possible to be used to reduce ketones and aldehydes. It is advantageous over LiAlH4 because of its selectivity and its usability with protic solvents.

The main difference as we observe the chemical equation between the reduction and the oxidation in most cases is the following:
Reduction: gain of electron; gaining H atoms or loosing O atoms.
Oxidation: loss of election; gaining O atoms or loosing H atoms.

                                                           Reduction and Oxidation:
                                    [image: ]

We monitored the original reaction with the use of TLC plates, and verified the results of the reactions using a UV lamp. There are several possible enantiomers that are able to form during this experiment, and we can determine them by analyzing the TLC plate results based on the chemical equation and the circumstances that the reaction was subject to in the laboratory. This is in fact the major purpose of the experiment, since determining the stereochemistry of the produced molecules will allow us to determine the most likely path of nucleophilic attack of the hydride ion within ideal conditions, since the entire experiment was monitored and controlled very closely.

Procedures and Observations:

1. Measure 1g of benzyl and place it in a folded piece of weighing paper to get an accurate reading.
2. Insert your compound into a 50ml Erlenmeyer flask.
3. Carefully slide in a magnetic stir into the flask.
4. Add 10 ml of ethanol into the flask and clamp it over a magnetic stir plate.
5. Place an ice bath, filled with water and ice beneath the flask on top of the magnetic stir plate and stir for 5 minutes.
6. Measure 0.2g of sodium borohydride into three equal portions and then add each portion after approximately 2 minutes and continue stirring for 10 minutes until the mixture changes color.
7. Remove ice bath and rest your flask onto the magnetic stir plate and continue stirring for 10 minutes to allow your flask to reach room temperature.
8. Take a TLC of your reaction mixture in order to see if the reaction is complete (three lanes: reference (benzyl), co-spot, and reaction mixture). Use 2:8 EtOAc: Hexane as the eluent in your jar.
9. While the last step is running, fill a large beaker with water and start heating it on a hot plate. Place the beaker on a hotplate and set the hot plate to 80 degrees C letting it to heat continuously.
10. Once the TLC is finished, and shows that your reaction is complete, pour 10ml of the hot water from the beaker into your reaction mixture. Place your reaction flask onto a heat mantle on top of your magnetic stir plate and stir while heating until the solution clears and turns pale yellow.
11. Continue stirring for approximately 5 minutes.
12. Add 20ml of the hot water from the beaker to the reaction mixture and stir while heating for approximately 10 more minutes. The content of the flask should gently boil.
13.  Remove the flask from the heat and let it cool back down to room temperature.
14. Set up a suction filtration apparatus and collect the crystals that form from the solution. Rinse them with cold water and maintain the suction for 5 minutes to allow the crystals to dry.
15. Record the mass of the crystals obtained and determine the percent yield. Dissolve some of the crystals in acetone, and take a TLC of the final product, with the 2:8 EtOAc: Hexane as your eluent once again.
16. Place approximately 600 mg of your diol product in a 25 mL round bottom flask and add 25 mL of CH2Cl2 to the crystals until the compound has dissolved, then carefully add a stirring bar to your flask. 
17. Add 1.0 mL of 2-methoxypropene and 50 mg of p- toluenesulfonic acid and stir the mixture at room temperature for ~30 minutes. 
18. After 30 minutes, take a TLC of your reaction  mixture using your diol product as the reference, still using 2:8 EtOAc:Hexanes as the eluent.  
19. If your TLC shows that the reaction is complete, prepare two TLC plates. Your reaction mixture should be spotted on each plate. For references, one plate should be spotted with the reference sample of the syn acetonide, the other plate should be spotted  with the reference sample of the anti acetonide.  
20. Elute both plates using 2:8 EtOAc:Hexanes as the eluent and determine which stereoisomer(s) of  hydrobenzoin are present in your product.  

Observation: 1.0g of benzyl was used in the experiment. Benzyl is yellow in color in powdered form. After adding 9.9ml of ethanol to the 1.01g of benzyl in the 50ml flask, the magnetic stirrer was also added to the flask. When stirring began in the ice bath with water, the mixture in the flask has clumps in it. While the solution was still being stirred, 0.21g of sodium borohydride was added in 3 separate portions to the flask. Each portion was added after every 2 minutes and after 10 minutes of stirring, the yellow color was lost and the solution had a milky color. The ice bath was removed and then the solution in the 50ml flask was placed on the magnetic stir plate to stir and after it stirred for over 10 minutes, the milky color was lost. When the mixture lost its milky color, it became clear before suction filtration took place and 0.75g of crystal was collected.


Table 1. Reagents for TLC plate 1 and 2
	Compound
	Amount

	Benzyl
	1.0g

	Ethanol
	9.9 mL

	Sodium borohydride
	0.21g



Mass of Benzyl = 1.0g
Mass of Benzoin = 0.75g
Percent Yield = 100 x (0.75/ 1.0)
                       = 75%


TLC Plate 1 and 2: 





















Table 2. Reagent for TLC Plates 3, 4, and 5
	Compound
	Amount

	Benzoin
	600mg

	Dichloromethane
	25mL

	2-Methoxypropene
	1.0mL

	p-toluenesulfonic acid
	50mg



TLC Plate 3, 4 and 5
























Questions:

1. The minimum volume of solvent needed to dissolve both at 100 °C:
(16g B) / (100mL) = (10g B) / (x mL)
 (x mL) = (10/16)*(100) = 62.5 mL
Since the solution is cooled to 20 °C and crystals are collected, at 20 °C we will have in solution:
(1g A) / (100 mL) = (x g A) / (62.5 mL)
x g A = (1/100)*62.5 = 0.625 g A in solution

(1g B) / (100 mL) = (x g 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, therefore:
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
Calculate 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 A/12.25 g) = 23.47 % A
% B = 100% * (9.375 g of B/12.25 g) = 76.53 %B

The yield of the process
12.25 g of solid was isolated
% yield = 100% * (12.25 g of solid)/(3.5 g + 10 g) = 90.74 % yield

What is the composition of the mother liquor?
From above,1 g A/100 mL = x g A/62.5 mL
x g A = (1/100)*62.5 = 0.625 g A in solution

1 g B/100 mL = x g B/62.5 mL
x g B = (1/100)*62.5 = 0.625 g B in solution
So the mother liquor contains 0.625 g of A and 0.625 g of B, both 1% (w/v) (the original given, 1 g/100 mL at 20 °C = 1% (w/v))

2. From the composition of the mother liquor 0.625g A and 0.625g B 
100mL + 100mL = 200mL
0.625g + 0.625g = 1.25g 
Therefore (1.25 x 0.2) = 0.25g is left in the solution

12.25g – 0.25g = 12g is yielded

Composition of crystals obtained:
(12/12.25) x(100%) = 97.9%

3. The problem is that the solvent dissolves crude products at room temperature which makes that much product to remain in the solution. The best option she has is to try a new solvent that dissolves at boiling point and gives it back at room temperature. 





4. 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 
[image: ]                +        BH3


5.
[image: ]


Discussion:

After completing the lab, we can see that with the reduction of the benzyl ketone, there are several ways that the hydride ion from the sodium borohydride can attack the original structure. This being said, multiple enantiomers and meso-compounds can be created simply by a nucleophilic attack from the top, bottom, side etc from the hydride ion. In addition, there are also two separate carbonyls on the benzyl structure, making it even more diverse in possibilities, since the reaction wont just stop with the reduction of the first carbonyl, since there is a second available carbonyl to undergo nucleophilic attac. The angle that the hydride ion attacks the two stereocenters will result in (+) or (-) benzoin enantiomers to be formed, which will, as mentioned before, undergo a second nucleophilic attack, creating either (+) or (-) hydrobenzoin, as the second carbonyl gets protonated.
Reduction of a carbonyl group using sodium borohydride:
                   [image: ]
A simple observation of the transformation of the benzyl to hydrobenzoin taking place in our reaction flask is when the benzyl powder appears to disappear within the solution. This occurs since the hydrobenzoin product is a more soluble substance within the solvent than the original benzyl. However, a more complex verification that the hydrobenzoin has actually formed properly is the TLC plate readings of the 4th and 5th plates. The third plate that we spotted was in order to determine whether or not the reaction within the flask had completed based on the Rf values. Since the Rf value of the mixture was much higher than the Rf of the diol solvent, this means that none of the original components were left in the flask, meaning that the reaction was complete. From there, we spotted the last two TLC plates with SYN acetonide and ANTI acetonide in order to determine which enantiomers of hydrobenzoin were present in the mixture.
After having collected the data from both final TLC plates, we can see that the Rf values for the mixture and the  SYN compound of the 4th plate were very similar, meaning that the cis enantiomer of hydrobenzoin is present within the reaction mixture. In addition, as we collected Rf values for the 5th [plate, we can also see that the values for both the mixture and the ANTI compound were very similar, meaning that the trans configuration of hydrobenzoin is also found within the reaction mixture.

Within the SYN and ANTI configurations of the acetonide, it would be impossible to determine whether or not the two forms of hydrobenzoin were formed during the reaction, since we would have no comparing factor representing both the cis and trans Rf values. Although the reaction shows both configurations, there isn’t one that seems to be in more abundance than the other, since both TLC plates show the exact same distances travelled by thr dots, enquiring that both hydrobenzoin forms are present in the same amount.  

Sources of errors in this experiment could have been from having too much benzyl and sodium borohydride compounds in the experiment due to inaccuracy from the measuring scale. This would cause the reaction to occur faster or slower than what is expected. Another source of error might have occurred from using dirty glassware thereby contaminating the reagents used on the TLC plates which can cause some spots not to be seen on the lanes of TLC plates. Also while stirring the mixture and adding hot water to it while it was still boiling, some of the mixture was lost because of the bubbles that poured out of the flask; this must have reduced the amount of crystals. Some particles of the crystals also sticked to the filter paper during suction filtration and some sticked to the scoopula thereby reducing the amount of crystals that was yielded and reducing our percentage yield. However, despite the errors that might have occurred, our results was close to what was expected.

Conclusion:

Sodium borohydride can be used to reduce both carbonyl groups in benzyl and acidification produces a diol or two secondary alcohol product via reduction reaction.
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