Nucleophilc Substitution Chemtivitiy
Information:

Organic compounds in which an sp3 hybridized carbon is bonded to an electronegative atom or group can undergo two types of reactions. They can undergo substitution reactions, in which the electronegative atom or group is replaced by another atom or group.  They can also undergo elimination reactions, in which the electronegative atom or group is eliminated along with a hydrogen from an adjacent carbon.  The electronegative atom or group that is substituted or eliminated in these reactions is called the leaving group. 

Substitution: 
RCH2CH2X + Y-  ( RCH2CH2Y + X-

Elimination: 
RCH2CH2X + Y-  ( RCH=CH2 + HY + X-

Substitution reactions are important in organic chemistry because they make it possible to covert readily available alkyl halides into a wide variety of other compounds. 

Questions:

1. Identify the leaving group in the following reactions

a. CH3CH2CHBrCH3 + OH- ( CH3CH2CHOHCH3  + Br-

b. CH3CHOCHClCH3 + F- ( CH3CHOCHFCH3 + Cl-

2. Show the polarity in the following bonds by drawing partial charges ((+ or (-) on each atom

a. C-Br
b. C-Cl

c. C-F

3. Define nucleophile

4. Which atom in the carbon-halogen bond will the nucleophile be attracted to? Explain.
Information:

Nucleophilic substitution reactions can occur through different mechanisms denoted as SN1 and SN2: 

1. SN2: A nucleophile attacks the positively charged carbon atom and causes the carbon-halogen bond to break heterolytically (the halogen keeps both of the bonding electrons). 
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2. SN1: The carbon-halogen bond breaks heterolytically without any assistance from the nucleophile, forming a carbocation.  The carbocation then reacts with the nucleophile to form the substitution product. 
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Questions: 

Recall from your study of kinetics that the molecularity of the reaction is the number of reactants in the rate determining step of a reaction.  
1. In the SN2 reaction, how many steps are there? How many reactants in each step?
2. Give the order and the molecularity of an SN2 reaction. Explain.
3. In the SN1 reaction, how many steps are there? How many reactants in each step?
4. Predict which step is the rate determining step. Explain your reasoning. 
5. Based on your previous answer, give the order and the molecularity of an SN1 reaction?

6. Why do you  think the mechanisms are denoted SN1 and SN2? 

7. If the following reaction proceeds via a SN2 mechanism, what is the rate law? 

CH3Br + OH- ( CH3OH + Br-

8. How would the rate of the previous reaction change if the [CH3Br] was doubled?

9. How would the rate of the reaction change if [OH-] was doubled? 

10. If the following reaction proceeds via a SN1 mechanism, instead, what is the rate law? 

CH3Br + OH- ( CH3OH + Br-

11. How would the rate of the previous reaction change if the [CH3Br] was doubled?

12. How would the rate of the reaction change if [OH-] was doubled? 

13. Describe an experiment that you could do to determine whether the reaction occurred through SN1 or SN2 mechanism.

Information:
Regardless of the mechanism by which a substitution reaction occurs, it is a called a nucleophilic substitution reaction because a nucleophile is substituted for another.  The mechanism that predominates depends on the following: 

· The structure of the alkyl halide

· The reactivity and structure of the nucleophile
· The concentration of the nucleophile and 

· The solvent in which the reaction is carried out

*We will only consider the first two in IB chemistry.

Table 1: Relative Rates of SN2 Reactions for Several Alkyl Bromides 

	Alkyl-Bromide
	Class (primary, secondary…)
	Relative Rate

	CH3-Br
	
	1200

	CH3CH2-Br
	
	40

	CH3CH2CH2-Br
	
	16

	CH3CH(CH3)Br
	
	1

	C(CH3)3Br
	
	Too slow to measure


Questions:
1. Fill in the table with primary, secondary, or tertiary for each alkyl-bromide. 

2. How does the branching affect the rate of the SN2 mechanism? 
3. Build the structures using the modeling kit and see if you can determine why branching slows the SN2 mechanism. Describe your reasoning below.
Table 2: Relative Rates of SN2 Reactions for Different alkyl halides. 

	
	
	Relative Rate

	HO- + RCH2-I
	(        RCH2-OH + I-
	30,000

	HO- + RCH2-Br
	(        RCH2-OH + Br-
	10,000

	HO- + RCH2-Cl
	(        RCH2-OH + Cl-
	200

	HO- + RCH2-F
	(        RCH2-OH + F-
	1


1. What is the best leaving group?

2. What is the worst leaving group? 

3. The halide ions are conjugate bases of acid halides.  List the conjugate acids of the halide ions.

4. Put the acids in order of increasing acidity.  Explain.
5. Put the halide ions in order of increasing basicity.
6. How is the basicity related to leaving group ability?
7. Given the pKa values in the table, rank the following by how good of a leaving group they will be: OH-, NH3, CN-, SCN-, F-.
Table 3: pKa of inorganic compounds in DMSO (Dimtheylsulfoxide (CH3)2SO) a polar solvent without the ability to donate protons. 
	Acid
	pKa

	H2O
	15.7

	NH4Cl
	9.24

	HCN
	9.4

	HSCN
	4.00

	HF
	3.17


8. Which, if any, of the following will likely occur? Explain.
a. 
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b. 
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c. 
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Table 3: Relative Rates of SN1 Reactions for Several Alkyl Bromides 

(Solvent is H2O, Nucleophile is H2O)

	Alkyl-Bromide
	Class (primary, secondary…)
	Relative Rate

	CH3-Br
	
	0

	CH3CH2-Br
	
	1.00

	CH3CH(CH3)Br
	
	11.6

	C(CH3)3Br
	
	1,200,000


1. Fill in the table with primary, secondary, or tertiary for each alkyl-bromide.

2. How does the branching affect the rate of the SN1 mechanism? 
3. How is this different from the SN2 mechanism? 
4. Do you think the reactivity of the nucleophile affects the SN1 in the same way it affects SN2 reactions? Explain. 

Information: 

Because the rate determining step of an SN1 reaction is the dissociation of the alkyl halide to form a carbocation, two factors affect the rate of an SN1 reaction – the ease with which the leaving group dissociates from the carbon and the stability of the carbocation that is formed.  In the previous section we saw that tertiary alkyl halides react more readily than do primary alkyl halides.  This is because the more substituted the carbocation is, the more stable it is and therefore the easier it is to form.  
Problems: 

1. Predict whether the following will occur by SN1 or SN2 and draw each step in the mechanism. 
a. 
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b. 
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c. 
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2. What affect will doubling the concentration of OH- have one the reaction rate of c? 
3. What affect will doubling the concentration OH- have on the reaction rate of b? 
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