
Chemistry 220 Organic Chemistry I
Answers to Review Questions on Mechanisms

1. Write the structure of the principle organic product to be expected from the reaction of 1-bromopropane with
each of the following

(All are examples of SN2 reactions, see answer to question 4 below for the structure of the
product from each reaction)

2. Write the structure of the principle organic product(s) to be expected from the reaction of (S)-2-bromobutane
under the reaction conditions described in problem 1 and name the reaction mechanism.
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good nucleophile and strong base
good leaving group, can make products without a carbocation
steric hindrance in SN2 rxn will make it a minor product.
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3. Write the structure of the principle organic product(s) to be expected from the reaction of (R)-3-bromo-3-
methylhexane under the reaction conditions described in problem 1 and name the reaction mechanism.

4. Draw out the mechanism for each reaction in the preceding problem.  Use curved arrows to correctly show the
nucleophile attacking the electrophile and displacing the leaving group.
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E2 conditions favored.  E2 will be major product.
good nucleophile and strong base
good leaving group, can make products without a carbocation
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trans alkene will be major product
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5. All of the reactions of 1-bromopropane in problem 1 give the product of nucleophilic substitution in high yield.
High yields of substitution products are also obtained in all but one of the analogous reactions using 2-
bromopropane as the substrate.  In one case, however, 2-bromopropane is converted to propene, especially
when the reaction is carried out at elevated temperature (about 55oC).

(a) What type of reaction mechanism would convert 2-bromopropane into propene?

Elimination reactions produce alkenes.  The E2 mechanism is a better choice than E1
because it is more difficult to produce a secondary carbocation than to undergo a
concerted E2 elimination.

(b) Which reactant (1a-1g) is most effective in converting 2-bromopropane to propene?



To form the elimination product, the nucleophile must act as a base.  The stronger the
base, the easier it will be to form the elimination product.  The strongest base from the
above reactants is sodium ethoxide.  Remember, since sodium ethoxide can act as both a
nucleophile and base, there will be a mixture of substitution and elimination products
present.

(c) Draw out the mechanism using curved arrows to show the electron movements for this reaction.
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The hydrogen and bromide leaving group must adopt an anti  co-planar 
reactive conformation before the E2  elimination can proceed.

6. For each of the following reactions, indicate which reaction will occur faster.  Explain your reasoning!

(a) CH3CH2CH2CH2Br or CH3CH2CH2CH2I with sodium cyanide in dimethly sulfoxide (DMSO).

Iodide is a better leaving group than bromide so 1-iodobutane will react faster than 1-
bromobutane

(SN2 reaction mechanism)

(b) 1-Chloro-2-methylbutane or 1-chloropentane with sodium iodide in acetone.

Both are primary alkyl chlorides but there will be less steric hindrance at the carbon where
substitution occurs in 1-chloropentane.  Therefore, 1-chloropentane will react faster.  Make
a model to convince yourself.

(c) Hexyl chloride or cyclohexyl chloride with sodium azide in aqueous ethanol.

Hexyl chloride (or 1-chlorohexane) being a primary alkyl chloride will react faster than
cyclohexyl chloride which is a secondary alkyl chloride.  This is an SN2 reaction where
the least sterically hindered carbon will be able to react the fastest.

(d) Solvolysis of 1-bromo-2,2-dimethylpropane or tert-butyl bromide in ethanol.

Solvolysis means reacting with the solvent.  Since both of these alkyl bromides are
sterically hindered, SN2 reactions will be difficult.  However, bromide is a good leaving
group and ethanol is a polar solvent, so SN1 reactions should be possible.  The relative
rates of SN1 reactions are determined by the relative stabilities of the intermediate
carbocations.  1-Bromo-2,2-dimethylpropane would form a primary carbocation and tert-
butyl bromide would form a more stable tertiary carbocation.  therefore, the t-butyl
bromide would react faster.  Note: the primary carbocation formed from 1-Bromo-2,2-
dimethylpropane would quickly rearrange into a more stable carbocation.  What is the
structure of this carbocation?

(e) Solvolysis of isobutyl bromide or sec-butyl bromide in aqueous formic acid.

As in the previous problem, these reaction conditions will favor SN1 reactions.  There is a
polar solvent and no strong nucleophiles present.  Bromide is a good leaving group, so
the formation of carbocations is favored.  Whichever compound forms the most stable
carbocation will react the fastest.  sec-Butyl bromide forms a more stable secondary
carbocation and will react fastest.  Can the primary carbocation formed from isobutyl
bromide rearrange to a more stable carbocation?  What will be the major product from the
solvolysis of isobutyl bromide?

(f) Reaction of 1-chlorobutane with sodium acetate in acetic acid or with sodium methoxide in methanol.



These reaction conditions favor an SN2 mechanism.  Chloride is a moderate leaving group
and there is little steric hindrance in a primary alkyl chloride.  The question becomes, what

is the better nucleophile between the acetate anion (CH3CO2
- 

) and methoxide anion.  The
acetate anion is resonance stabilized and therefore less reactive than methoxide anion.
The methoxide anion will react faster.

(g) Reaction of 1-chlorobutane with sodium azide or cyclopentyl amine in aqueous ethanol.

The azide anion is a better nucleophile than cyclopentyl amine because it is smaller and
carries a formal negative charge on the nitrogen.  The SN2 reaction using sodium azide will
react faster.

7. Which type of nucleophilic substitution mechanism occurs stereospecifically (only one stereoisomer formed)?
Which nucleophilic substitution mechanism occurs non-stereospecifically (produces a mixture of
stereoisomers)?

SN2 reactions occur stereospecifically

SN1 reactions are stereorandom (non-stereospecific)

8. Briefly explain why one of the above mechanisms can produce a mixture of stereoisomers while the other
does not.

The SN1 reaction mechanism forms a carbocation intermediate which reacts with the
nucleophile in the second step of the overall reaction.  The carbocation is planar and the
nucleophile can attack either side of the sp2 hybridized carbon by overlap with the
unhybridized p orbital.  This results in the formation of both possible enantiomers when
the reaction occurs at a chiral carbon.  The SN2 reaction is concerted and occurs through
backside attack of the nucleophile at the reactive carbon center.  The result is that only
one stereoisomer can be formed because the nucleophile can effectively add to only one
side ot the reactive carbon.

9. When alkyl halides are treated with aqueous silver nitrate, silver halide precipitates and an alcohol is formed.
From what you know about the SN1 reaction, propose a mechanism for the following conversion.
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10. Hydrogen fluoride has a dipole moment of 1.82 D; its boiling point is 19.34oC.  Ethyl fluoride has an almost
identical dipole moment and has a larger molecular weight, yet its boiling point is -37.7oC.  Explain.



Boiling points are determined by the intermolecular forces which are available to hold
molecules together in a liquid state.  Both hydrogen fluoride and ethyl fluoride will have Van
der Waals attractions (london forces) which are proportional to the size of the molecule
(fluoroethane will have slightly stronger Van der Waals attractions than hydrogen fluoride).
Both compounds will have dipole-dipole interactions of approximately equal magnitude.
However, only hydrogen fluoride can hydrogen bond with itself and this will raise the boiling
point for the compound.

9. What determines whether or not a carbocation will rearrange?  Will carbocation intermediates always
rearrange? Explain.

If a carbocation is able to rearrange by undergoing a 1,2-shift (either alkyl or hydrogen)
and produce a new carbocation which is more stable than the original, then the
rearrangement will occur.  Carbocations will not usually rearrange to produce a new
carbocation of the same stability as the original.  This means that a secondary carbocation
will not undergo a rearrangement to produce a different secondary carbocation.  Finally,
carbocations will not rearrange to produce a less stable carbocation.


