
 

Chemistry 320M/328M
Final Exam
December 10, 2022

NAME (Print): _____________________________

EID _______________

SIGNATURE: _____________________________

Please Note:  Please take your time.  You have three hours to take this exam.  The final in 
comprehensive in nature and longer than the midterms.  However, please do not rush.  
Making careless mistakes is not good for anyone!  If you find yourself getting anxious 
because of a problem, skip it and come back.  Please do not second guess yourself!  Keep 
track of the questions worth a lot of points.  (This does not mean they are hard, it just means 
we think they cover important material.)  

One last thing: I recommend you close your eyes for a moment, then take some nice deep 
breaths before you begin.  YOU GOT THIS!

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

FINALLY, DUE TO SOME UNFORTUNATE RECENT INCIDENTS 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!!!



 
You have been a great class and I have very much enjoyed getting to know you.  We all 
emerged from the strangeness of the pandemic and have had to readjust to in-person learning.  
You have done that and here we are, finishing our first semester meeting as a class.  I wouldn’t 
say we are back to a “normal” yet, but we are getting there together.  You have proven that you 
are resilient and strong!  
 
I put this on every final, but I think it has special meaning for all of you right now.  
Acknowledging what we have all been through, it is time for you to look forward to your 
futures with optimism and big dreams.  As one of my favorite poets of the 20th century put it, 
here is my truly sincere wish for every one of you:  
 
“May your wishes all come true.   
May you build a ladder to the stars  
and climb on every rung.   
May you stay forever young. 
 
May you grow up to be righteous, 
May you grow up to be true, 
May you always know the truth 
And see the lights surrounding you 
May you always be courageous 
Stand upright and be strong 
May you stay forever young. 
 
May your hands always be busy 
May your feet always be swift 
May you have a strong foundation 
When the winds of changes shift  
May your heart always be joyful 
May your song always be sung.   
And may you stay forever young.”  BD 
 
Remember, run every chance you get.  Being fit for your entire life is truly the best gift you can 
give yourself and those you love.  Staying fit will also allow you to stay forever young.  Now, 
go crush this final! 
 
 
Brent Iverson 
 



 
 
 

 
 
 

 
 

Student Honor Code
“As a student of The University of Texas at Austin, I shall abide by the core values of the 
University and uphold academic integrity.”

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

Signature_________________________

Where are the electrons?

2.  (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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3.  (1 pt each) Fill in each blank with the word that best completes the sentences.  Yep, this is the MRI 
paragraph!

The popular medical diagnostic technique of 1._____________________ 2._____________________

3._____________________ (________) is based on the same principles as 4.___________, 

namely the flipping (i.e. 5._____________________ ) of nuclear spins of H atoms by 

6._____________________  frequency irradiation when a patient is placed in a strong 

7._____________________  8._____________________. Magnetic field gradients are used to 

gain imaging information, and rotation of the gradient around the center of the object gives imaging 

in an entire plane (i.e. slice inside patient). In an MRI image, you are looking at individual 

9._____________________ that when 10._____________________ make up the three-

dimensional image of 11._____________________ amounts of H atoms, especially the H atoms 

from 12._____________________ and 13._____________________, in the different 

14._____________________.

magnetic resonance

imaging MRI NMR

resonance

radio

magnetic field

slices stacked

relative

water fat

tissues



 

4.  (2 pts each)   In the spaces provided, indicate the type of bond, and the hybridized orbitals that 
overlap to form the bond. For example, one answer could be: σCsp3-H1s

Signature_________________________ Pg 2 _____________(23)

5.  (1 pt each)   In the spaces provided, write the hybridization state of the atoms indicated by the 
arrow.

πC2p-O2p

σCsp2-Csp3

πC2p-C2p

sp2

sp2

sp2

sp3

sp2

sp3

σCsp-Csp

σCsp2-Osp2

σCsp3-Osp3

Note: for the multiple bonds, you 
can put the orbitals in any order, 
you just need to describe all the 
bonds.

πC2p-C2p

Mirena
Company: Bayer
2021 sales: $1.28 billion
Use: Contraceptive

O

H

OH

H

HH

H

σCsp3-Osp3

Eliquis
Companies: Bristol Myers 
Squibb, Pfizer
2021 sales: $16.73 billion
Diseases: Nonvalvular 
atrial fibrillation, deep vein 
thrombosis and pulmonary 
embolism

N
N

N

H2N O

N

O
O

OH3C

sp2



 

 

A.   The best way to think of electrons in molecules is as ________________________, described 
mathematically by three-dimensional wave function equations.
 
B.    When the 2s orbital is hybridized with all three 2p orbitals, you get ________________________ 
hybridization that has major lobes pointed in a tetrahedral geometry. 

C. For ________________________ hybridization, the 2s and only two of the 2p orbitals combine to 
make three major lobes in a trigonal planar geometry. 

D. The two extreme conformations in ethane are ________________________ (more stable) and 
________________________ (less stable).
 
E.    ________________________ isomers are molecules with the same molecular formula but different 
connectivities between atoms.
 
F.   On cyclohexane rings, groups larger than H prefer to be ________________________ because when 
they are axial there is steric strain (also called non-bonded interaction strain or 1,3 diaxial interactions) 
with the other axial groups.

G.  An ________________________  is any molecule that cannot be superimposed on its mirror image 
(it does not have a plane or center of symmetry).

H. ________________________ are molecules that are stereoisomers but not enantiomers; a situation 
that arises when there are more than one chiral center in the same molecule.

I. A ________________________ compound is a molecule with two or more chiral centers yet is not 
chiral because it contains a symmetry element, usually a plane of symmetry.

J. To understand NMR you need to know the following: Physics: Moving charge generates a 
________________________  field, and a moving magnetic field causes charges to move in a 
conductor.

K. The difference in energy between the +1/2 and -1/2 nuclear spin states is proportional to the strength 
of the ________________________  field felt (experienced) by the nucleus.

L. The ________________________  under a given NMR signal is proportional to the number of 
equivalent hydrogen atoms that give rise to that signal.

M. The splitting of a -CH2- group adjacent to a ________________________  center will be "messed 
up", that is split into many peaks.

Pg 3 _____________(28)Signature_________________________

sp3

waves

Constitutional

equatorial

enantiomer

Diastereomers

meso

magnetic

magnetic

area

chiral

sp2

staggered
eclipsed

6.  (2 pts each) Fill in each blank with the word that best completes the sentences (you will rccognize 
these as Rules of the Day!).



 

7. (24 pts total) On the following four pages there are NMR spectra.  The relative integrations are given 
above each signal.  Each NMR spectrum has a letter on it.  In the spaces provided, write the 
appropriate letter underneath the molecules that would produce that spectrum.  Notice that not all 
of the molecules below will have letters underneath them, as there are only four spectra but nine 
molecules.

Signature_________________________ Pg 4 _____________(24)
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Spectrum A                        This page is not graded 
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Spectrum C      This page is not graded 
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Spectrum D      This page is not graded 
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8. (8 pts.)  Fill in the circle to indicate the pH at which the species shown will be the prodominant one. Fill 
in the circle next to the “X” under a species that cannot predominant at any pH.

The pKa of a carboxylic acid (RCO2H) is generally in the 4-5 range.  The pKa of 
ammonium ions (RNH3   ) is in the 9-10 range and that of -SH groups is in the 
8-9 range.  PLEASE NOTE THAT LAST ONE:  the pKa of -SH groups is in the 
8-9 range!
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H
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N
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O
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S

9.  (12 pts) For each pair of molecules, on the line provided state the relationship between the two 
structures.  Possible answers could be enantiomers, diastereomers, consitutional isomers, 
or same molecule. Fill in the circle to indicate the correct relationship between the 
molecules shown.  In the boxes provided next to each chiral center, write “R” or “S” 
to indicate the absolute stereochemistry present. Relationship:

enantiomers
diastereomers

H3C
OH

HF

H CH3

H3C
CH3

FH

HO H

R

R

R

S

constitutional isomers
same molecule

enantiomers
diastereomers
constitutional isomers
same molecule

H3C
H

FH

HO CH3

H3C
CH3

HF

HO H

S

S

R

R

pH 2.0

pH 7.0

pH 12.0

X

H3N

H
N

N
H

O

O

O

OH

SH
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10.  (10 pts)  For the following cyclohexane derivative, draw the two alternative chair conformations. IF 
there is a difference in stability, fill in the circle that says “More stable”.  If there is not any difference in 
stability, do not fill in any circle.

1
2

3
4
5

6

1
2

3
4 5

6
1

2
34

5
6

up

up

up

(Eq.)

(Ax.)

up(Eq.)

(Ax.)

up

up

It is critical that you number 
in the same direction on all 
structures, I numbered 
clockwise here

two equatorial

two axial

More stable More stable

C C
CH3

H CH2CH3

Br
H3C

H C C
H

Br CH3

H3C
H

CH2CH3C C
H

H3C CH3

H
Br

CH2CH3 C C
CH2CH3

Br H

H3C
H

CH3

11. (8 pts) Drawn below are four conformations of the molecule (2R,3S)-2-bromo-3-methylpentane.  
Indicate any of the conformations that, as drawn, would be able to react through an E2 mechanism 
with a strong base.

C C
CH2CH3

CH3

H3C

H

H

H3CH2C CH3

Br

HH3CH2C

Reacts by E2

Cannot react by E2

Reacts by E2

Cannot react by E2

Reacts by E2

Cannot react by E2

Reacts by E2

Cannot react by E2

anti-periplanar

In the box, draw the product of the E2 reaction of (2R,3S)-2-bromo-3-methylpentane with strong base.
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12. (8 pts) For the following four sets of reagents you have seen in various bond-making steps in 
mechanisms, fill in the circle to inidicate which of the two species is the nucleophile.  DO NOT 
WRITE THE PRODUCTS OF THESE STEPS, we only want to see circles filled-in here!!

OH + PBr3

O + + Br

Nucleophile Nucleophile

Nucleophile Nucleophile NucleophileNucleophile

H

H
O

H

O
+

Nucleophile Nucleophile

O H

13.  (18 pts) The following reactions all involve chemistry of haloalkanes.  Fill in the box below the 
arrow with the mechanism that will be followed (SN2, E2, etc.).  Then draw only the 
predominant product or products  and please remember that you must draw the correct 
stereoisomers.   For SN1/E1 reactions you must draw all significant products (including all 
stereoisomers).

A.

B.

C.

SN2

E2

SN1/E1

CH3CH2OH

CH3CH2O Na

Br
O

Br
O

Br

CH3

CH3CH2O Na

CH3
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14. (20 pts) You have seen this one before!  Complete the mechanism for the following acid-catalyzed 
alcohol dehydration reaction.  Be sure to show arrows to indicate movement of all electrons, write all 
lone pairs, all formal charges, and all the products for each step.  Remember, I said all the products for 
each step. YOU ONLY NEED TO DRAW ONE STEREOISOMER OF A CHIRAL INTERMEDIATE 
OR PRODUCT (using wedges and dashes as appropriate) IF A NEW CHIRAL CENTER IS CREATED 
IN AN INTERMEDIATE OR PRODUCT, MARK IT WITH AN ASTERISK AND LABEL THE 
MOLECULE AS “RACEMIC” IF APPROPRIATE.  In the three boxes provided, write which of the 4 
most common mechanistic elements describes each step (make a bond, break a bond, etc.).

Product

Take a 
proton away

Add a proton

OH H
OH

H

H

Break a bond

H O S

O

O

O H

O S

O

O

O H

C
C

C
C

C

O H

H H

H H
H H

H H H H

H

C
C

C
C

C

O H

H H

H H
H H

H H H H

H
H

C
C

C
C

C
H H

H H
H H

H H H H

H

C
C

C
C

C

H H
H H

H H H H

H

H

OH HZaitsev product

There is a strong acid present (H2SO4) and there 
are no electrophiles so the only choice is to “add 
a proton” to the only lone pairs on the alcohol, 
namely the O atom of the alcohol group.

This is a great 
leaving group.

There is no nucleophile/
electrophile present and taking a 
proton away goes back to where 
we started so not productive.  
Noting the presence of a great 
leaving group (H2O) “Break a 
bond” is the only reasonable 
choice.

Knowing that the product is an alkene, the only logical 
step is “Take a proton away”, with water being the base as 
indicated by its placement over the arrow for you.  Note 
that “anti-periplanar” is not relevant here because it is a 
cation, but we had to consider Zaitzev’s rule to remove the 
H atom that gives the most stable E (trans) alkene product.

Note the overall similarity to an E1 reaction mechanism 
here.
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15. (33 pts) For these two mechanisms, use arrows to indicate movement of all electrons, write all lone 
pairs, all formal charges, and all the products for each step.  Remember, I said all the products for each 
step. YOU ONLY NEED TO DRAW ONE STEREOISOMER OF A CHIRAL INTERMEDIATE OR 
PRODUCT (using wedges and dashes as appropriate) IF A NEW CHIRAL CENTER IS CREATED 
IN AN INTERMEDIATE OR PRODUCT, MARK IT WITH AN ASTERISK AND LABEL THE 
MOLECULE AS “RACEMIC” IF APPROPRIATE.  In the boxes provided, write which of the 4 most 
common mechanistic elements describes each step (make a bond, break a bond, etc.).

Product(s)

+

O HH

O HH

Make a bond Br

Make a bond

Take a proton 
away

H

O HH

Halohydrin Formation

Br

H
HH3C

H3C

H3C Br

O

CH3

HHH
H

H3C Br

O

CH3

HHH

H3C

H3C

H

H
Br Br

Product(s)

+

Add a proton Br

Break a bond

Make a bond

3° Alcohol and HX

CH3C

CH3

CH3
O

H
H Br CH3C

CH3

CH3
O

H

H

Br

C

CH3
H3C

CH3

O HH
CH3C

CH3

CH3
Br
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Cl2

Br2

hν

HBr
ROOR

heat

Br2

HBr

16. (25 pts) 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, etc.) 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.

Br

Br

Br Racemic

Cl

Cl Racemic

Cl

Cl

H2O

CH3

Br

OH

H

OH

H

CH3

Br
Racemic

Br

H2O
H2SO4

(catalytic amount)

OH

OH
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16. (23 pts) 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, etc.) 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.

Racemic

Racemic

1. O3

2. (CH3)2S O

O

H

H2

Pt°

H

H

H

H

HO

HO H

OH

H OH

1. OsO4

2. NaHSO3 / H2O

H
1. (sia)2BH

2. H2O2 / HO

H

O

H
1. NaNH2

2. CH3CH2CH2Br

Na°
NH3
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16. (18 pts) 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, etc.) 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.

H

O

OH
PBr3 Br

InVERSiON

OH H2SO4

(Catalytic 
amount)

OH

OH

PCC

H2CrO4
OH

O

OH 1. RSO2Cl

2. NaN3

N3

Br NaN3
N3
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16. (18 pts) These are more complicated so please take your time!  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, etc.) 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.

Racemic

hν
NBS Br

Br

O

CH3
H3O

H

OH

H

CH3

OH

Br

NaOH

Br H

H

(This might take 
you a lot of time, 
you might want to 
leave it until the 
end)

Br H

H
rotate 
bond

H

Looking 
down this 
bond

anti-periplanar

Zaitsev product
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17.  (8 pts) Here is a warm-up for the synthesis problems.  For the following series of reactions, write the 
final product(s) that you will see.  Make sure draw all stereoisomers produced and to use wedges and 
dashes to indicate all stereochemistry, and you must write racemic if appropriate.

OH

OH

OH

OH

Racemic

Br

O

RCO3HE2

Br2
hν

RO

1. Br2 / hν

2. RO

3. RCO3H
4. NaOH

NaOH
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18.  These are synthesis questions.  You need to show how the starting material can be converted into the 
product(s) shown.  You may use any reactions we have learned provided that the product(s) you draw for 
each step is/are the predominant one(s).  Show all the reagents you need.  Show each molecule 
synthesized along the way and be sure to pay attention to the regiochemistry and stereochemistry 
preferences for each reaction. You must draw all stereoisomers formed, and use wedges and dashes to 
indicate chirality at each chiral center.  Write racemic when appropriate. All the carbons of the product 
must come from carbons of the starting material.

?A)  (7 pts)

?B)  (4 pts)

Br
Br

Br2
hν

E2

H2O
H2SO4
(catalytic)

Racemic

Racemic
RO

4 carbons 4 carbons

8 carbons 8 carbons

OH OH

Br

Br
Br

Br

Br2 1. 3 NaNH2

2. H2O, HCl (mild)
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18.  These are synthesis questions.  You need to show how the starting material can be converted into the 
product(s) shown.  You may use any reactions we have learned provided that the product(s) you draw for 
each step is/are the predominant one(s).  Show all the reagents you need.  Show each molecule 
synthesized along the way and be sure to pay attention to the regiochemistry and stereochemistry 
preferences for each reaction. You must draw all stereoisomers formed, and use wedges and dashes to 
indicate chirality at each chiral center.  Write racemic when appropriate. All the carbons of the product 
must come from carbons of the starting material.

?
C)  (7 pts)

?D)  (7 pts)

7 carbons 7 carbons

8 carbons 4 carbons

Cl

OH

H

OH

H
Cl

RacemicBr2
hν

Br

Not chiral
E2

Cl2
H2O

H

O

H2
Lindlar’s 
Catalyst

or Na° / NH3

or

1. O3

2. (CH3)2S

Cl

Cl

2 NaNH2

RO

2
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18.  These are synthesis questions.  You need to show how the starting material can be converted into the 
product(s) shown.  You may use any reactions we have learned provided that the product(s) you draw for 
each step is/are the predominant one(s).  Show all the reagents you need.  Show each molecule 
synthesized along the way and be sure to pay attention to the regiochemistry and stereochemistry 
preferences for each reaction. You must draw all stereoisomers formed, and use wedges and dashes to 
indicate chirality at each chiral center.  Write racemic when appropriate. All the carbons of the product 
must come from carbons of the starting material.  OK, this is a long one.  Work hard to Recognize that 
product and work backwards.  You can do this!

?
E)  (22 pts) 3 carbons 6 carbons
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…And remember to run every chance you get! 
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19. (8 pts)  The chemistry you have learned this semester is used in the synthesis of important 
pharmaceuticals.  Here are two examples.  Fill in the boxes with the reagent(s) required to carry out the 
transformation indicated.

Have a great holiday break!!
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Swamy, et al., Tetrahedron Letters, 2018, 59, 419-429
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 Use this page to write down your roadmap if you would like.



Use this page for scratch if you would like.  For your reference, here are the Golden Rules of Chemistry:  

A. Predicting Structure and Bonding 1. In most stable molecules, all the atoms will have filled valence shells. 2. Five- and six-
membered rings are the most stable. 3. There are two possible arrangements of four different groups around a tetrahedral atom.  
B. Predicting Stability and Properties 4. The most important question in organic chemistry is "Where are the electrons?"  5. 
Delocalization of charge over a larger area is stabilizing.  6. Delocalization of unpaired electron density over a larger area is 
stabilizing.  7. Delocalization of pi electron density over a larger area is stabilizing.    
C. Predicting Reactions 8. Reactions will occur if the products are more stable than the reactants and the energy barrier is low 
enough.  9. Functional groups react the same in different molecules. 10. A reaction mechanism describes the sequence of steps 
occurring during a reaction.  11. Most bond-making steps in reaction mechanisms involve nucleophiles reacting with electrophiles.  

 


