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1. (8 pts) Ammonia can act as either an acid or a base.

A. Draw the Lewis structure of ammonia.
(2 pts)
H——N—H

H

B. What is the pK,; of ammonia?

(1 pt)
36

C. Fillin the equation below to relate the pK, of ammonia to its K.

(1 pt)
Ky =107 =107°

D. Draw the Lewis structure of the conjugate base of ammonia.
(2 pts)

H—N—H

E. Draw the Lewis structure of the conjugate acid of ammonia.

(2 pts)
H

| +
H—T—H
H

2. (6 pts) Prozac®, shown below, is a widely prescribed antidepresent.
(1 pt each)

A. Label each atom indicated by a box as sp?, sp?, sp, or none of these.

B. Label each atom indicated by a circle as 1°, 2°, 3°, or 4°.

SP3 sp

o

3
2
N N
*

Sp
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3. (9 pts) Give the IUPAC name for each of the following compounds.
(3 pts each)
A.

Hac\Q“\\\\\\CHch(CHs)z

trans-1-isobutyl-3-methylcyclopentane
_Or_
trans-1-methyl-3-(2-methylpropyl)cyclopentane

B. (CH3CH3),CHCH,CH(CH3)
Book Problem 2.10b

4-ethyl-2-methylhexane

C.
CH,CHoCH(CHa)z
H3CH.C H
HsC CHoCHoCHoCHg
CHs

5-sec-butyl-2,5-dimethylnonane
_Or_
2,5-dimethyl-5-(1-methylpropyl)nonane

4. (5 pts) Circle the compounds below that have a dipole moment.

Book Problem 1.21

NCCH,CH,CN cyclobutane
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5. (12 pts) State whether the following pairs of compounds are constitutional
isomers, stereoisomers, conformers, resonance structures, identical structures,
or have no relation. Place your answer in the box.

(2 pts each)
A.

and

sec-butylcycloheptane

and

O

H

HaC CHa
HsC CHa

H

and

N\

CHg

H CHoCHg
H CHg

H

and

_/

and

and /\%\Br

CHg
H CHa

H H
CHoCHoCHs

Constitutional Isomers

Book Problem 2.22¢c

Constitutional Isomers

Book Problem 2.28d

No Relation

Book Problem 3.12

Conformers

Book Problem 3.24c

Identical Structures

No Relation
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6. (18 pts) For each of the following pairs, circle the more stable compound or

ion. In the box, give a brief reason for your choice.
(3 pts each)

1,1-dimethylcyclopentane

1-ethyl-3-methylcyclobutane

B. Book Problem 3.28a
cis-1-methyl-2-(1-methylethyl)cyclohexane

trans-1-methyl-2-(1-methylethyl)cyclohexane

F.
O
)J\ or
v

Less ring strain

Less 1,3-diaxial repulsions

- both substituents are
equatorial

More branched isomer

Less torsional strain

- big groups are anti to one
another

More resonance structures

Extra electrons on more
negative atom
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7. (9 pts) The following is a three-part question. Be sure to draw neat chair

cyclohexanes.
Book Problem 3.10c and d

A. Draw the most stable conformer of cis-1-tert-butyl-4-methylcyclohexane.

(3 pts)

B. Draw the most stable conformer of frans-1-tert-butyl-4-methylcyclohexane.

(3 pts)

C. Which of the isomers (cis or trans) is more stable? Why?

(3 pts)

The trans isomer is more stable because both substituents are equatorial
in the most stable chair conformation. (It has less 1,3-diaxial repulsions.)

8. (9 pts) Circle the more acidic compound in the following pairs. In the box, give

a brief reason for your choice.
(3 pts)

A.
HC—=CH or

B. Book Problem 1.31a
+
(CH3)3NH or

C.
or CH3CHQSH

Hydrogen is on the more
electronegative element

Hydrogen is on the more
electronegative element

Inductive effect
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9. (4 pts) Circle the most acidic hydrogen in phenytoin, an anti-seizure drug.

0]

phenytoin

10. (10 pts) Carbonate (CO3?) is a very common polyatomic ion.
Book Problem 1.17
A. Draw all of the resonance structures of the carbonate ion. Be sure to show
any non-zero formal charges. Label each structure as a major or minor
resonance contributor. (8 pts)

(0] o~
| A ]
Lo e e
major major
o~ o~
| - |
o7 o N
major minor

B. Explain why all of the carbon—oxygen bonds in the carbonate ion have the
same bond length. (2 pts)

Due to electron delocalization, the actual structure is a resonance
hybrid of the three major resonance structures. Thus each C-O bond has
2 parts single and 1 part double bond character and each oxygen has a
2/3 negative charge.
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11. (10 pts) Complete the following acid-base reactions. Show all non-zero
formal charges. If no reaction occurs write NR.
(2 pts each)

A. CHsCH,Li + H,O = CHsCHz; + LIiOH

— +
B. BF; + CH3SCH; => F3B——8(CHj3).
Book Problem 1.38

C. CH:COOH + CH3CONHNa =->

O 0
)J\ i )k
o NH;
Na+
D. CoH, + NHyNa > HC==C~ Na° + NHg

Book Problem 1.71a

E. CH3OH + CHsSNa - NR



