Name: KEV\ il Advanced Organic Chemistry (4:172)

ID #: Fall 2007

EXAM 2, Wednesday, November 14, 2007

Before starting:

Check your exam to make sure that it is complete. There should be a total of 7 pages.
Problems are on the front of each sheet.

Read each question carefully, making sure that you completely answer each question.
You may use the back of a sheet for additional space if needed.

Remember: Questions answered in pencil, red ink, erasable ink, or that have white-out
on them cannot be regraded.

Good luck.
Question # Possible Points Points Scored
1 16
2 24
3 25
4 24
5 36

Total:




1. Multiple choice. Circle the correct answer (16 pts).
a) True or false?

The rate-determining step of a Sy1 reaction is ionization of the reactant.

@ rue ii) False

b) A Lewis-acid catalyst serves to electron pairs in organic reactions.
@ accept

i donate

iii) shield

iv) none of the above

C) Which of the following types of carbonyl compounds are least reactive toward
nucleophilic addition?
i) esters
fh ketones
amides
v none of the above

D) True or false?

Crown ethers enhance nucleophilicity by solvating cations.

@rue ii) False




2. Consider the information below and answer the questions that follow (24 points).

a) In the spaces provided, indicate whether the reactions given below are expected to
display either a primary or secondary kinetic isotope effect.
\0

) PhCH,—H* + BrH- —» PhCHy + H*—Br

H* W o
i) | Hy0 , P
I CF3;CH,OH ,

H* H*
iy B

+
( 3)3 + OH™ @ + HOH*

b) Clearly explain why isotopic substitution of D for H has an effect on the rate of a
chemical reaction.
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3. Consider the information below and answer the questions that follow (25 points).

Addition of methylmagnesium bromide to 2-methylcyclohexanone, followed by iodine-
catalyzed dehydration of the resulting alcohol, gave three alkenes in the ratio A:B:.C =
3:31:66. Each alkene gave a mixture of cis- and trans-1,2-dimethylcyclohexane upon
catalytic hydrogenation. When the alkene mixture was heated with a small amount of
sulfuric acid, the ratio of A:B:C changed to 0.0:15:85.

0O
CH; DCHMIBr progucts A B,andC 204 Products A, B, and C
i) Ifheat (ratio: 3:31:66) heat (ratio: 0:15:85)
a) Assign structures to A, B, and C.
Wy Uy oy My eilg
oy @ B
3 b C

b) Clearly describe the rationale behind your assignments.
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c) Account for the change in the relative ratios of products A, B, and C.
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4. Consider the information below and answer the question that follows (24 points).

3,3-chloro-methyl-hexane undergoes solvolysis and nucleophilic substitution in ethanol
to produce a racemic mixture of the corresponding ether as shown below. Nucleophilic
substitutions of 3,3-chloro-methyl-hexane can also proceed with 98% inversion of
stereochemistry. Carbocations are intermediates in both cases.

TSN CHCHoH 7 N

H,C Br . H,C OCH,CH3;
enantiopure racemic

Explain how you could carry out a nucleophilic substitution of 3,3-chloro-methyl-hexane
to achieve inversion of stereochemistry as described above. Clearly explain your
reasoning. Be sure to indicate why you expect inversion to predominate.
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5. Consider the information below and answer the questions that follow (36 pts).

A student has discovered that para substituted 1-(2-chloro-2-methylpropyl)benzenes
undergo solvolysis in methanol as shown below.

cl OCH;
CH;0H
R ~———— R
heat
p=-21

a) What does the value and sign of the p value indicate?
?\Q\A@Y\Oﬁ \ND\N% O CorbocaRion \‘\’@”W"L\( 0\«4 'S “\\"Q Q?\O&
eromo‘\eé \DV\ Q}‘lﬁf‘”\\é‘ma‘\“\g %‘U49$ frackien 1%
(e)\cﬁr@\\ e, Yo @03‘\“§ ok, \\-\-\1-

b) Give three examples of -R groups for the reaction above that would: (i) promote the
reaction and (ii) inhibit the reaction:

promote:
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inhibit: O
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c) Would you expect the substituents that promote the reaction to have either positive or
negative Hammett substituent constants? Clearly explain your reasoning.
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d) Propose a mechanism for the reaction and clearly indicate the species that accounts

for the p value.
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