
Chemistry 320M/328M
Dr. Brent Iverson
2nd Midterm
October 25, 2012

NAME (Print): _____________________________

SIGNATURE: _____________________________

Please Note:  This test may be a bit long, but there is a reason.  I would like to give you a 
lot of little questions, so you can find ones you can answer and show me what you know, 
rather than just a few questions that may be testing the one thing you forgot.  I recommend 
you look the exam over and answer the questions you are sure of first, then go back 
and try to figure out the rest.  Also make sure to look at the point totals on the questions 
as a guide to help budget your time.

Please print the 
first three letters 
of your last name 
in the three boxes

You must have your answers written in 
PERMANENT ink if you want a regrade!!!!  This 
means no test written in pencil or ERASABLE INK 
will be regraded.

Please note: We routinely xerox a number of exams following initial grading to 
guard against receiving altered answers during the regrading process.

FINALLY, DUE TO SOME UNFORTUNATE RECENT INCIDENCTS YOU ARE NOT 
ALLOWED TO INTERACT WITH YOUR CELL PHONE IN ANY WAY. IF YOU 
TOUCH YOUR CELL PHONE DURING THE EXAM YOU WILL GET A "0" NO 
MATTER WHAT YOU ARE DOING WITH THE PHONE. PUT IT AWAY AND 
LEAVE IT THERE!!!  



Honor Code

The core values of the University of Texas at Austin are learning, discovery, freedom, 
leadership, individual opportunity, and responsibility. Each member of the University is 
expected to uphold these values through integrity, honesty, trust, fairness, and respect 
toward peers and community.

(Your signature)  
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Pg 1 _____________(15)

1.   (5 pts)  What is the most important question in organic chemistry?

Signature_________________________

2.  (10 pts)  Write an acceptable IUPAC name for the following two molecules.  Where appropriate, 
use E and Z or R and S.

Where are the electrons?

1
2 3

4 5
6 7

8

1
2 3 4

5
6

7
8 9

10

3. (5 pts)  Draw the structure that corresponds to the following name:

(4S,5E)-2,3,4,7-tetramethyl-2,5-octadiene

(3E,5E,7E)-6-isopropyl-2,3,7,8,9-pentamethyl-5-propyl-1,3,5,7-decatetraene
(3E,5E,7E)-2,3,7,8,9-pentamethyl-6-(1-methylethyl)-5-propyl-1,3,5,7-decatetraene

1
2

3

4

5

6

7

8

9

10

11

(3E,5Z,7Z)-1,3,5,7,10-undecapentaene

This problem was 
deleted to shorten the exam

 



Pg 2 _____________(24)Signature_________________________

4.  (10 pts) Amides are best represented as the hybrid of three contributing structures.  Draw the second 
and third important contributing structures in the spaces provided, including all lone pairs and formal 
charges. For the two structures on the left in each problem, use arrows to indicate the movement of 
electrons to give the structures you drew.  There is no need to draw any circles around any of these 
contributing strucures. You might want to read these directions again to make sure you know what we 
want
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5.  For the following carbocation: 
A) State the hybridization state of the indicated atom in the square box provided.  In the rectangular 
boxes, describe the bonds indicated by the arrows in terms of overlap between hybrid orbitals (the 
valence bond approach).  For example, answers might be orσCsp3-Csp3 πC2p-C2p
Note that this part of the question is NOT about hyperconjugation.  We just want a valence bond 
description of the bonding in a carbocation structure.

C

C

CC

C

H

H

H

H

H

H
H

H

σCsp2-Csp3

sp2

σCsp3-Csp3

σCsp2-H1s
(2 pts. each)

.

B) (6 pts) This part refers to hyperconjugation.  On the structure, circle all of the sigma bonds that can 
take part in hyperconjugation with the carbocation.

NOTICE THIS

H

H
H

σCsp3-H1s

σCsp2-Csp3
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6.  (6 pts)  For each acid-base reaction, circle the side of the equation that predominates at 
equilibrium. In each case identify the stronger and weaker acids by comparing relative 

stabilities of the anions which are the conjugate bases of the two acids.  
Equilibrium favors formation of the weaker acid.  You will notice this means you 
circled the side with the more stable anion.

S

O

O

H2C CH3+

H H

pKa = 20

OH H +
H

N H OH +
H

N HH

7. (2 or 4 pts each) For the following, circle the capitalized word that best completes the statement.

A reation that has a strong thermodynamic driving force (a strong motive) is 
FAVORABLE or UNFAVORABLE as written.

A reaction that occurs faster (greater opportunity) has a LOWER or HIGHER activation 
energy.

A pi bond or lone pair will serve as an ELECTRON SOURCE or ELECTRON SINK for an 
arrow that indicates the making of a new bond.

An atom that can accommodate a new bond can serve as an ELECTRON SOURCE or 
ELECTRON SINK for an arrow that indicates the making of a new bond.

In general, NUCLEOPHILES or ELECTROPHILES serve as electron sources and 
NUCLEOPHILES or ELECTROPHILES serve as electron sinks for most reactions.

In general, it is best to think of alkenes and alkynes as NUCLEOPHILES or 
ELECTROPHILES that react with NUCLEOPHILES or ELECTROPHILES.

CF
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O
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+ CCl

Cl

Cl

C
OH

O

S

O

O

H3C CH3+

H pKa = 23

 



Signature_________________________ Pg 4 _____________(28)

8. (2 pts each) Write the four most common mechanism elements seen in organic chemistry reaction 
mechanisms.

1. Make a bond between a nucleophile and an electrophile

2. Break a bond to give stable molecules or ions

3. Add a proton

4. Take a proton away

9. (6 or 8 pts each) Label each stereocenter as "R" or "S" and on the line provided state whether 
the pair of molecules represent two enantiomers, two diastereomers, or the same compound.  
Draw a circle around any meso compound.
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10. (2 pts each no partial credit) The following statements are true.  Choose from among the following 
three possibilities and in the space provided, write the letter of the one or more phenomena that best 
explain the true statement.

11.  (2 pts each no partial credit) The following statements describe some important properties of 
molecules.  Choose from among the following three types of isomers and in the space provided write 
the letter of the one or more types of isomers for which the statemet is TRUE.

A. The inductive effect B. Hyperconjugation C. Resonance delocalization of a charged species

OH

O
is a stronger acid than OH because of: _________________

H3C H

O
is more acidic than because of: _________________

H H

O

is a more stable carbocation than because of: _________________

is a more stable carbocation than because of: _________________
F

C

C

A, B

A

A.  A single enantiomer       B.  A meso compound       C.  A racemic mixture

A solution of this will rotate the plane of plane polarized light.

Might be produced when an alkene with no chiral centers 
reacts with a non-chiral reagent such as H-Br or Br2.

The LEAST desirable option when developing a new drug

A

C

B, C

F
F

A solution of this will NOT rotate the plane of plane polarized light.
B, C

 



Signature_________________________
12.  (12 pts) Complete the following two structures by adding appropriate numbers of lone pair 
electrons, H atoms, and formal charges to the atoms in the boxes.  You must adjust your answers to 
indicate the predominant species at each indicated pH value.  (You do not have to add anything such as 
H atoms to atoms not drawn in the boxes.)   This problem is testing your understanding of the 
relationship of protonation state to pH to pKa values for certain functional groups we have discussed.  
Next, in the space provided, write the overall charge on each structure at the indicated pH.  For 
your reference, here are the relevant pKa values:

H3C
C

OH

O

pKa  = 4.76

H3C NH3

pKa  = 10.64

N
H
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H
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N
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pH = 13

H

N
H

H
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Total charge on molecule:______

Total charge on molecule:______
-2

+1

H3CH2C SH

pKa  = 10.6

H

S

Pg 6  __________(12)

 



 Signature ______________________________                                                                    Pg. 7 ______ (22)
13. (16 pts.) Read these directions carefully.  Read these directions carefully. (It was worth repeating)  
For the reaction of an alkene with water and a small amount of sulfuric acid shown below, fill in 
the details of the mechanism.  Draw the appropriate chemical structures and use an arrow to 
show how pairs of electrons are moved to make and break bonds during the reaction.  For this 
question, you must draw all molecules produced in each step (yes, these equations need to be 
balanced!).  Finally, fill in the boxes adjacent to the arrows with the type of step involved, such as 
"Make a bond" or Take a proton away".  MAKE SURE TO NOTICE THE QUESTIONS AT 
THE BOTTOM.  If an intermediate or product is chiral, you only need to draw one enantiomer 
for this problem.

(2 pts) During the reaction described by the above mechanism, what happens to the pH of the 

solution _________________________________________________________________________________
The pH stays the same because just as much acid is made as is used.

(2 pts) Is this reaction catalytic in acid?   ____________________________________________________Yes

Products
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H
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O HH

Add a proton

Make a bond 
between a 

nucleophille 
and electrophile

Take a 
proton away

Electrophile

(2 pts) One of the above steps involves making a bond between a nucleophile and an electrophile.  Draw a 

circle around the electrophile.   
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14. (21 pts.) Read these directions carefully.  Read these directions carefully. (It was worth 
repeating)  For the reaction of an alkene with water in the presence of Cl2 shown below, fill 
in the details of the mechanism.  Draw the appropriate chemical structures and use an 
arrow to show how pairs of electrons are moved to make and break bonds during the 
reaction.  For this question, you must draw all molecules produced in each step (yes, these 
equations need to be balanced!).  Finally, fill in the boxes adjacent to the arrows with the 
type of step involved, such as "Make a bond" or Take a proton away".  MAKE SURE TO 
NOTICE THE QUESTIONS AT THE BOTTOM.  If an intermediate or product is chiral, 
you only need to draw one enantiomer for this problem.  For the product, you must draw 
both enantiomers and write "racemic" if appropriate.

(2 pts) During the reaction described by the above mechanism, say what happens to the pH of the 

solution _________________________________________________________________________________The pH drops because acid (H3O+) is produced

(2 pts) Is this reaction catalytic in acid?   ____________________________________________________No, acid is produced
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15.  (3 or 5 pts each) The following reactions all involve chemistry of alkenes.  Fill in the box with the 
product(s) that are missing from the chemical reaction equations.  Draw only the predominant 
regioisomer product or products (i.e. Markovnikov or non-Markovnikov products) and please 
remember that you must draw the structures of all the product stereoisomers using wedges and 
dashes to indicate stereochemistry.  When a racemic mixture is formed, you must write "racemic" 
under both structures EVEN THOUGH YOU DREW BOTH STRUCTURES.

Pg 9  __________(11)

B. CH3 CH3CHCH3

A. HBr
CH3

Br

(not chiral)

H2SO4 (cataltyic)

OH

(not chiral)

C. 1. BH3

2. H2O2 / HO

CH3

H

H

OH

(racemic)

H2O

H

OH

CH3

H
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15. (cont.)  (4 or 5 pts each) The following reactions all involve chemistry of alkenes.  Fill in the box 
with the product(s) that are missing from the chemical reaction equations.  Draw only the predominant 
regioisomer product or products (i.e. Markovnikov or non-Markovnikov products) and please 
remember that you must draw the structures of all the product stereoisomers using wedges and 
dashes to indicate stereochemistry.  When a racemic mixture is formed, you must write "racemic" 
under both structures EVEN THOUGH YOU DREW BOTH STRUCTURES.

Pg 10 __________(14)

E.

F.

D. Cl2
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2) (CH3)2S
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R
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1) BH3

2) H2O2 / HO

HI

Cl2

From 
Rearrangement

Signature_________________________

16. (13 pts total) Organic chemistry is a very creative science because there are so many different 
reactions known that often we are only limited by our imaginations.  For example, the same starting 
alkene can be converted to the different products listed.  Deduce the identity of the starting alkene, and 
write its structure in the box labeled "Starting Alkene".  Fill in the boxes containing arrows with 
the reagents required to produce the given products.

Pg 11 __________(13)

OH

Racemic

Cl Cl

Cl Cl

I II

Racemic

Starting Alkene

 



Signature_________________________

17.   (6 pts each) The following problems are a new format.  We turn the tables and give you the product.  
In the space provided show the starting material required to make that product using the given 
reagents.  When more than one starting material would work, you must draw both.

Pg 12 __________(18)

A.

B.

C.

1) BH3

2) H2O2 / HO

H2SO4 
(catalytic)

H2O

OH OH

(Racemic Mixture)

or

or

OH

2) (CH3)2S
1) O3or H

O

2
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18.    Here is an "apply what you know" problem in the format of an MCAT style passage.  Circle the 
correct answers.  
 
 
One of the more difficult things for new organic students to master is how to recognize an electrophile.  
One key piece of information is the charge you see on an atom.  An atom with a full or partial positive 
charge is worth considering as an electrophile.  However, not all atoms with a full or partial positive 
charge are electrophiles.  To be an electrophile, an atom must be capable of acting as a “sink” for a 
mechanism arrow.  In other words, it must be able to accept a new bond from an nucleophile.  The best 
electrophile we have seen is a carbocation, capable of reaction with nucleophiles such as halide anions 
and water.  As you continue your study of organic chemistry, you will encounter several other 
electrophiles.  The following questions examine some of these.  Although you have not seen all of them 
before, you are already familiar with all of the fundamental concepts you need to deduce the correct 
answers. 
 
1. The following intermediate structure has a positive charge on the O atom.  
  

CH C

O

H

C

H

H

HH

H
H H

 
 
 
A. The O atom is an electrophile because a nucleophile can add to it without causing the breaking of 

any of the other bonds to O. 
B. The O atom is an electrophile because although it already has a filled valence, a proton (H+) can 

depart as the new bond is made. 
C. The O atom is not an electrophile because hyperconjugation stabilizes it. 
D. The O atom is not an electrophile because it already has a filled valence and adding a new bond 

would require the creation of a very high energy species such as an H or C atom with a lone pair and 
thus negative charge. 

 
 
2. The following carbocation is encountered in a reaction you will study next semester. 
 

C
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C
C

H

H

H

H
H
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A B  
 
A. The contributing structure A makes a larger contribution to the resonance hybrid. 
B. The contributing structure B makes a larger contribution to the resonance hybrid. 
C. The two contributing structures make equal contributions. 
D. There is a third contributing structure that is not shown even though it makes the major contribution 

to the resonance hybrid. 
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18. (cont.).  
 
3. Here again is the same carbocation you saw in part 2. 
 

C
C

C
C

H

H
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H
H

H

H

C
C

C
C

H

H

H

H
H

H

H

A B  
 
A. This carbocation is stabilized because it has a “pi-way”, that is a pi orbital that extends over more 

than two atoms. 
B. This carbocation is stabilized by delocalization of the positive charge over more than one atom. 
C. Both A and B. 
D. This carbocation is less stable than an analogous carbocation that does not have an adjacent pi bond.  
 

 
4. If the carbocation shown in parts 2 and 3 reacted with the bromide anion, one could imagine at least 

three different products that could form. 
 

Br Br

Br

 
 

A. The product on the left is the only one that could form. 
B. The product on the right is the only one that could form. 
C. Only the product on the left and the product in the middle could form. 
D. All three products could form. 
 

 

5. Of the three products shown in part 4, which one(s) would you expect to be the most stable 
 

A. The molecule on the left is the most stable 
B. The molecule on the right is the most stable 
C. The two molecules on the left have the same stability and they are both more stable than the 

molecule on the right. 
D. All three molecules have the same stability 
 
 
 
 
 
 


