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Introduction 

Often there is more than a single reaction pathway that can occur between reactants to form the desired products. Due to the different pathways side products are also formed. These different pathways compete with each other. Since the different pathways form different products, it becomes more difficult to calculate yield. You must determine the products produced versus the products that could have been produced. 

The two different pathways represent two different reactions that could occur, those two different reactions being elimination and substitution. The elimination reaction can be E1 or E2, where a strong base deprotonates a hydrogen adjacent to the alpha carbon. That allows the electrons from the C-H bond to attack the alpha carbon, the leaving group is displaced and a new alkene bond is formed. E1 is unimolecular and E2 is bimolecular. The rate determining step of E1 is the formation of a carbocation when the leaving group leaves, while for E2 the rate determining step is the attachment of the base compared to the substitution of the carbon. E2 is favoured when the base is small, which it is in this case, so E2 occurs rather then E1 if the base was bulky.


This experiment studies the competition between E2 and Sn2 reactions. The factors that favour a certain reaction over the other are show in this experiment. Those factors include the effect of temperature and the position of carbocation. The product produced by the elimination reaction between KOH and either 1-bromobutane or 2-bromobutane is a gas (1-buten or 2-butene). These gases will be collected in a eudiometer during the experiment. The volume of gases collected will help determine the ration of Sn2:E2. To calculate the amount of moles of gas the pressure of the gas is used, this amount will determine the amount of E2 product that has been formed. The amount of bromobutane consumed is determined from the amount of KBr that is formed, which leads to the amount of butanol formed. That determines the amount of Sn2 product formed. 

Below the mechanisms for Part A are shown:
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Here you see that in E2 the OH attack the Hydrogen will in Sn2 the OH attacks the carbon. In both reactions Br is the leaving group, but where the OH attacks is the difference between the two reactions. 

The mechanism for Part B is shown below:


[image: ]   


[image: ][image: ]





The mechanisms for Part C are shown below:
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Reagents

Table 1. Table of Reagents
	Compound
	Molar Mass (g/mol)
	Quantity
	Density (g/mL)
	Moles (mmol)
	Equivalent

	KOH
	56.11
	8.00 g
	2.044
	143
	1

	Ethanol (95%)
	46.07
	40 mL
	0.789
	685
	N/A

	1-bromobutane
	137.02
	1.5 mL
	1.268
	13.9
	10

	2-bromobutane
	137.02
	0.7 mL
	1.255
	6.41
	20



Experimental procedures

Refer to pages 45-52 of the Organic Chemistry II Lab Manual

Modifications:
· For part A, 7.95 g of KOH was used instead of 8 g.
· Part B 7.97g of KOH was used instead of 8g
· Part B with 1-bromobutane the round metal water bath was not kept at a constant temperature of 50C
· 
Observations

Table 2. Observations
	Step in procedure
	Observation

	Refluxing the solution (part A and C)
	When the solution of KOH in ethanol was refluxing it produced quite a bit of heat. Slowly bubbles began to form and eventually the solution kept bubbling

	Adding 1-bromobutane (part A)
	The addition of 1-bromobutane immediately released gas into the eudiometer set up. Quickly the water in the tube began to be displaced by the gas

	Placing solution is a round metal water bath (part B)
	The solution did not bubble and was very still for majority of the time

	Adding 1-bromobutane (part B)
	Addition the 1-bromobutane produced very little gas

	Adding 2-bromobutane (part C)
	The addition of 2-bromobutane led to an immediate release of gas, which displaced water in the eudiometer tubes. So much gas was released that two full eudiometer tubes needed to be used and they were used up quite quickly (in roughly 10-15 min). A third tube was also needed but was not fully used.

	Collection of KBr using suction filtration (part A, B, C)
	KBr collected was a white powdered solid and wasn’t very flaky.



Results

Part A: Reaction of 1-bromobutane with KOH under reflux

Table 3. 1-Bromobutane at Relfux
	Reactant
	Pressure of gas (atm)
	Volume of gas (ml)
	Moles of Butene (mmol)
	Mass of KBr (g)
	Moles of KBr (mmol)
	Moles of Butanol (mol)
	Yield (%)
	Conversion (%)
	Selectivity SN2:E2

	
	0.9660
	21.53
	0.8537
	0.89
	7.479
	6.625
	53.81
	121
	8:1



Part B: Reaction of 1-bromobutane with KOH in a water bath at 50 

Table 4. 1-bromobutane in 50 Water Bath
	Reactant
	Pressure of gas (atm)
	Volume of gas (ml)
	Moles of Butene (mmol)
	Mass of KBr (g)
	Moles of KBr (mmol)
	Moles of Butanol (mol)
	Yield (%)
	Conversion (%)
	Selectivity SN2:E2

	
	0.9660
	0.5
	0.01998
	0.14
	1.176
	1.156
	8.46
	8.46
	61:1



Part C: Reaction of 2-bromobutane with KOH under reflux

Table 5. 2-bromobutne at Reflux
	Reactant
	Pressure of gas (atm)
	Volume of gas (ml)
	Moles of Butene (mmol)
	Mass of KBr (g)
	Moles of KBr (mmol)
	Moles of Butanol (mol)
	Yield (%)
	Conversion (%)
	Selectivity SN2:E2

	
	0.9653
	98.28
	3.928
	0.11
	0.9244
	-3.004
	6.65
	14.4
	8:83








Calculations 
[bookmark: _GoBack]
Moles of butene:
	PV = nRT
	n    = PV/RT
	      =   (0.9660 atm)(0.02153 L)
		(0.082 Latm/molK)(295.4K)
	      = 0.0008537 mol => 0.8537mmol

Moles of KBr:
	n = mass/MM
	   = 0.89 g/ 119.0023gmol-1
	   = 0.007479 mol => 7.479 mmol

Moles of butanol:
	nKBr     = ngas + nbutanol
	nbutanol = nKBr – ngas
		= 7.479mmol - 0.8537mmol
		= 6.625 mmol

Conversion:
	= nbutene + nbutanol     x 100
	      nlimiting reagent
	=     nKBr        x 100
	   nbromobutane
	= 0.007479 mol   x 100
	   0.006169 mol
	= 121%
Selectivity:
Butene = nbutene x 100
	       nKBr
	  = 0.0008537 mol x 100
	      0.007479mol
	  = 11.4%

Butanol = nbutanol x 100
	        nKBr
	  = 0.006625mol x 100
	      0.007479mol
	  = 88.6%


Discussion

In this experiment, the ratio between SN2:E2 products for 1-bromobutane under reflux is 8:1. For 1-bromobutane at 50oC, the SN2:E2 products ratio is 61:1. Lastly, the ratio for 2-bromobutane under reflux is 8:83. From these results it is shown that 1-bromobutane much more heavily SN2 than E2 and the 2-bromobutane is the reverse.  
There is a very large difference in the amount of gas that was produced in Part A or the experiment and Part B. This shows the effect of temperature on the SN2 reaction. In part A the 1-bromobutane was in reflux and therefore was heated more than in Part B. The more heat that is added lowers the activation energy of the reaction and allows more gas to be formed. 
The reason why the cooling tubes have to be attached to the reflux condenser with water in at the bottom and out at the top is so that the water pressure would reach the top of the condenser as well as the bottom. Also, 1-bromobutane must be added quickly to prevent gas from escaping to the surrounding. At the end of the reaction, the pressure drop will cause the water to backfilling into the product if the tygon tube was not removed quickly. 
	E2 is favored when using 2-bromobutane as the electrophile instead of 1-bromobutane because of the change in position of the carbocation from primary to a secondary form. This secondary form is more stable than the primary. When a secondary substrate is formed E2 reaction is favored because of steric hindrance. Substitution can still occur, as shown in the ration that some did occur. 
	For Part A of the lab the eudiometer needed to be changed once and three time from Part C in order to collect of the gas from the reaction.  During these changes gas continued to be formed, but was not collected. The low yield numbers is somewhat due to this loss of gas. 

Questions 

1. What is the maximum volume at standard temperature and pressure of butane gas that could be obtained from the reaction of 1-bromobutane with KOH in the experiment, assuming all of the 1-bromobutance was converted to butane.
PV = nRT
V    = nRT/P
       = (0.0008537)( 0.082 Latm/molK)(273K)/1 atm
       = 0.01911 L
       = 19.11 mL

2. What would be the major product of the following reactions?
a) [image: ]
b) [image: ]

3. Identify whether the product will be a substitution product or an elimination product when reacted with concentrated KOH
a) The compound will undergo elimination since  KOH is a good base and it has β-Hydrogen
b) The compound will undergo substitution product as it has no β-Hydrogen
c) The compound will undergo a substitution product



4. After several attempts to covert 1-bromopentane into 1-pentene with NaOH, you notice that you have made 1-pentanol. Suggest 2 experimental modifications that you can make to promote the formation of 1-pentene over 1-pentanol. 

The activation energy of an elimination product is often higher than that of a            substitution reaction. Due to that increasing the temperature will help elimination occur.    Another solution to promote the formation of 1-pentene is to use a stronger base. A strong base is required for elimination to occur, in this case 1-pentene is the Hoffman’s product (least substituted alkene).
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