Nucleophilic Substitution Reactions of Alkyl Halides

Background Information: The most common reaction of alkyl halides is replacement of the halogen by some other atom or group of atoms. This transforms the halide functional group into another, such as hydroxy (which makes alcohols) or alkoxy (which makes ethers). The reaction also can be used to put one halide in place of another, such as iodide replacing chloride or bromide. These reactions can occur by two mechanisms: SN2 or SN1, as outlined in Figure 1. So which mechanism actually happens? Two key factors that determine which happens are (1) whether the alkyl halide is primary, secondary, or tertiary, and (2) how polar the solvent is. These factors affect the same thing: the stability of the carbocation that is - or would be - formed in the SN1 reaction. The SN1 mechanism operates only when the carbocation is stabilized, such as by alkyl groups or by a very polar solvent. In this experiment, you will explore the relative reactivities of a set of halides reacting under SN2 conditions and the relative reactivities of a second set of halides reacting under SN1 conditions. Whether you have SN2 conditions or SN1 conditions is determined in this experiment by choosing a relatively low polarity solvent (acetone) to favor the SN2 mechanism or a relatively high polarity solvent (a mixture of methanol and water) to favor the SN1 mechanism.

Monitoring Reactions: When you run an organic reaction, you need to be able to tell whether anything is happening - and when the reaction is done. One common way is to take a small amount of the reaction mixture and examine it using TLC. Often, as the reaction proceeds you can see the spot from the starting molecule getting smaller and a spot from the product getting bigger. However, it takes considerable time to take the sample, spot it on a TLC plate, run the plate, dry it, and then visualize the spots. In this experiment, because you are comparing rates of reactions, you need more immediate information. These two experiments - one for the SN2 reaction and one for the SN1 reaction - use clever ways to monitor the reactions to let you see immediately when something happens. For the SN2 reaction, conditions have been carefully chosen so that the product of the reaction is a precipitate, which is easily observed. Thus, you can tell whether a reaction is immediate, slow, doesn't occur at all, or falls somewhere in between these extremes. FOT the SN1 reaction, you will determine when the reaction is one ​half complete. Because the reaction produces (HCI or RBr) as a by-product, you can add just enough base (NaOH) to measure when one-half of the HCl (or HBr) has formed. And you can tell when the acid has consumed all the base by using a pH indicator in the reaction mixture. The pH indicator simply reports to you, by a color change, when. the base is all gone. In this case, phenolphthalein is used as the indicator, which is pink in basic conditions and colorless in acidic conditions. So, you'll look for disappearance of the pink color as the indication that all of the NaOH has been consumed, which will occur when the reaction has reached the halfway point.

The Effect of Temperature: The rate (speed) of a reaction is dependent on the reaction temperature: the warmer the temperature, the faster the reaction is. This is 'caused by the effect of temperature on the movement of the molecules in the reaction mixture. At higher temperatures, the molecules move faster, which means two things: they will collide more frequently (which is required for-reaction), and when they collide, they have more energy (which is required for reaction). So, how do you know what temperature you should choose for a reaction? For this experiment, the primary consideration is rate of the reaction. You will use a temperature for each of these two types of reactions that provides a convenient rate -- not so fast that the reaction is over instantly, but fast enough that the experiment can be completed in an convenient amount of time. Since you will be using a set of five different molecules that all have different reaction rates, the temperature used is one that lets you see a range of reaction times, from rather fast to very slow.
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Figure 1. Mechanism for the SN2 and SN1 substitution reactions of alkyl halides.

	Safety Notes!

Alkyl halides and methanol are toxic and flammable. Acetone is highly flammable. Use these chemicals only in well-ventilated space. Keep away from flames and other sources of ignition.

Sodium hydroxide is corrosive and can cause burns. Use great care to avoid contact with skin, eyes, and clothing. In case of accidental contact, flood the affected area with copious amounts of water. Spills should be diluted with water and cleaned up immediately.

All materials must be discarded in the containers provided.


Make sure that you close all reagent bottles (alkyl halides) right after you use them.  The reagents can hydrolyze from the moisture  in the atmosphere.

Procedure:

Label clean, completely dry, disposable test tubes with numbers 1-5. These correspond to:

(I) n-butyl chloride (1-chlorobutane)

(2) sec-butyl chloride (2-chlorobutane)

(3) tert-butyl chloride (2-chloro-2-methylpropane)

(4) crotyl chloride (1-chloro-2-butene)

(5) n-butyl bromide (1-bromobutane)

Place 8 drops of each of these five halides in the appropriately labeled test tube. Close the tops of the test tubes with parafilm. Put 10 mL of a 15% NaI solution in acetone in a completely dry 10 mL graduated cylinder. In close succession, into each of the test tubes pour 2 mL of this NaI solution and quickly close the top. (When you wish to add the solution, simply pull back the parafilm a bit, then promptly pull it back over the top.) Immediately note the time of addition for each test tube and watch for signs of a precipitate. Note the time it takes for a precipitate to begin forming in each of the five test tubes. Allow the test tubes to stand while you complete the next experiment, occasionally checking to see if a precipitate has formed in any of the test tubes that don't show a more rapid reaction. .

Label 5 disposable test tubes with numbers I - 5. These correspond to:

(1) n-butyl chloride

(2) sec-butyl chloride

(3) tert-butyl chloride

(4) crotyl chloride

(5) sec-butyl bromide. (2-bromobutane, Note: This is not n-butyl bromide, used in the first set of halides.)

In each test tube, put exactly 2.0 mL of a solvent mixture containing equal amounts of methanol and water (50:50 Methanol: water solution).  To each of the five test tubes from above, add three drops each of 0.5 N aqueous NaOH solution and 1 drop each of phenolphthalein indicator. Place the five test tubes in water bath that is heated to approximately 55°C.  Then, very carefully add eight drops (ca. 400 mg, 4 mmol) of each of the five halides in the appropriately labeled test tube and note the exact time of addition. Observe the time required for the reaction mixture to consume all of the NaOH, as revealed by disappearance of the pink color.

Clean up

Discard all wastes in the appropriately labeled containers. No organic materials from this experiment go down the drain in the sink! After you have poured all you can into the waste containers, wash glassware containing only residual amounts (clinging to the sides of the glassware) in the sink.
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Data and Results

SN2 Reaction of Halides with NaI



SN1 Reactions of Halides with NaOH in water
(1) n-butyl chloride time




(1) n-butyl chloride
time of NaI addition: __________


time of NaOH addition:__________

time first ppt observed: ________


time color disappeared: __________

elapsed time: ________________


elapsed time: __________________
(2) sec-butyl chloride




(2) sec-butyl chloride

time of NaI addition: __________


time of NaOH addition:__________

time first ppt observed: ________


time color disappeared: __________

elapsed time: ________________


elapsed time: __________________
(3) tert-butyl chloride




 (3) tert-butyl chloride 
time of NaI addition: __________


time of NaOH addition:__________

time first ppt observed: ________


time color disappeared: __________

elapsed time: ________________


elapsed time: __________________
(4) crotyl chloride time 




(4) crotyl chloride

time of NaI addition: __________


time of NaOH addition:__________

time first ppt observed: ________


time color disappeared: __________

elapsed time: ________________


elapsed time: __________________
 (5) n-butyl bromide




 (5) sec-butyl bromide 
time of NaI addition: __________


time of NaOH addition:__________

time first ppt observed: ________


time color disappeared: __________

elapsed time: ________________


elapsed time: __________________
Questions

1. Describe a safety hazard associated with this lab and what you did to prevent it from being a problem.

2. For the SN2 reaction with NaI in acetone, what is the order of reactivity of the five halides you studied?

3. For the SN1 reaction with NaOH in H2O in aqueous methanol, what is the order of reactivity of the five halides you studied?

4. Why did you cover the tops of the test tubes in the SN2 experiment?

5. Why did you run the SN1 reactions at 40°C, rather than room temperature (ca. 25 °C)?

6. Where does the primary bromide fit in the series in relation to the primary chloride for the SN2 reactions?

7. Where does the primary allylic chloride fit in the series in relation to the other alkyl chlorides for the SN2 reactions?

8. Where does the secondary bromide fit in the series in relation to the secondary chloride for the SN1 reactions?

9. Where does the primary allylic chloride fit in the series in relation to the other alkyl chlorides for the SN1 reactions?
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