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Nucleophilic Substitution Reactions

Nucleophilic substitution is the attack on an electrophile (R-X) by a nucleophile (Y) that displaces a leaving group (X).  There are two mechanistic extremes by which this can happen, the SN1 and SN2 reactions.  In this experiment, you will investigate how the identity of the leaving group and the structure of the electrophile influence the rate of both SN1 and SN2 reactions.  In Part A, a polar, protic solvent (ethanol) and weak nucleophile (ethanol) will promote an SN1 pathway.  In Part B, an apolar, aprotic solvent (acetone) and stronger nucleophile (iodide) will promote an SN2 pathway.
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Safety:

-
Most alkyl halides are toxic. Avoid inhalation and contact with skin.

-
Silver nitrate can stain skin for several days.

Procedure:

A.
Structural Effects on the SN1 reaction

Place 6 clean, dry test tubes in a test tube rack.  In each tube, place 2 mL of silver nitrate solution (1% in ethanol).  Add four drops of an organohalide to a tube as follows:




Tube #1
2-chloro-2-methylpropane



Tube #2
2-bromobutane



Tube #3
1-bromobutane



Tube #4
1-chlorobutane



Tube #5
2-chlorobutane



Tube #6
bromobenzene
Record the exact time (hh:mm:ss) the last drop is added to each tube, and shake each tube once. For each tube, record the exact time that any cloudiness forms and any precipitate forms.  After 5 minutes from the last addition, place any tubes without a precipitate in a 50 ˚C water bath for another 2 minutes, recording the times for any precipitate formation.
B.
Structural Effects on the SN2 reaction

Place 6 clean, dry test tubes in a test tube rack. In each tube, place 2 mL of sodium iodide solution (15% in acetone).  Add four drops of an organohalide to a tube as follows:



Tube #1
2-chloro-2-methylpropane




Tube #2
2-bromobutane




Tube #3
1-bromobutane




Tube #4
1-chlorobutane




Tube #5
2-chlorobutane




Tube #6
bromobenzene

Record the exact time (hh:mm:ss) the last drop is added to each tube, and shake each tube once. For each tube, record the exact time that any cloudiness forms and any precipitate forms.  After 5 minutes from the last addition, place any tubes without a precipitate in a 100 ˚C water bath for another 2 minutes, recording the times for any precipitate formation.

Lab Report:

Your report should include a summary and explanation of your results.  What are the trends observed for the reactivity under each set of conditions?  Discuss whether your results are consistent with what you learned about substitution reactions in lecture.
Questions:
1.
What would be the major product if 1-bromo-3-chloropropane reacted with one equivalent of NaI in acetone?  Explain your answer.

2.
What would be the major product if 1,4-dibromo-4-methylpentane reacted with:



a) one equivalent of NaI in acetone? 



b) one equivalent of AgNO3 in ethanol? 


Explain your answers.

3.
What would be the major product if (R)-2-bromobutane reacted with:


a) one equivalent of NaI in acetone? 



b) one equivalent of AgNO3 in ethanol? 


Explain your answers.
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