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NAME (Print): _____________________________

SIGNATURE: _____________________________

Please Note:  You will do your best if you are relaxed.  Take a deep breath and close your 
eyes for a minute.  Keep your mind clear and don't second guess yourself.  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!!!
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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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I have very much enjoyed getting to know you this semester.  As long as I live I
will not forget looking up at the beginning of class on April 7th to see all of those
wonderful shirts in the audience.  Thank you from the bottom of my heart!  I am not
sure if you knew, but April 7th is actually my birthday, so you officially gave me the
best birthday gift ever.  I mean best ever.

Success in your careers will be much more satisfying if you
are healthy until you retire. Never sell yourself short.  You
are capable of amazing things, and an amazingly long and
healthy life.  You have to make your health your first
priority.  Do not take it for granted. Exercise every chance
you get!

Brent Iverson



Here is some scratch paper for you.  Do not remove.



Here is one more page of scratch paper for you.  Do not remove.



Pg 1 _____________(24)Signature_________________________

2. (14 points) Suppose a relative of yours is having an MRI.  In no more than four sentences, explain to 
them what is happening when they have the MRI scan.  We will be looking for a minimum of 7 key 
points here.
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H

3. (8 points)  Draw the two most important resonance contributing structures of the amide shown 
below.  Be sure to show all lone pairs and formal charges.  You do not have to draw arrows on this 
one.

1. (2 pts) What is the most important question in chemistry?



Pg 2 _____________(21)Signature_________________________

4. (21 pts total) Here is a crossword puzzle.  Fill in the crossword spaces with the words that best complete the
sentences listed in the clues.  These are largely derived from “Rules of the Day”, so they may seem familiar.
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Across:

1: _________________ occurs when there are not vibrations possible (a rigid molecule) so the photon is emited
as the electron goes back to ground state.

2: At higher temperature, in which the products do equilibrate with each other, the more stable product
predominates (called ______________________ control)

3: The ________-Alder reaction involves a diene reacting with a dienophile.

4: When large groups are present, some reactions cannot occur because the atoms crash into each other before a
new bond can be made.  Such interactions are referred to as ______________ interactions.



5: The lone pair on the nitrogen atom of an amide is best described as being in a _____ orbital

6: Absorbance of a photon by a molecule corresponds to promotion of an electron from a filled
________________ orbital to an unfilled ________________ orbital.

7: When it comes to cyclic form of glucose, alpha is _____________.

8: __________________ has glucose monomers linked via beta linkages so it is flat and the chains can pack
together nicely to create a highly rigid substance.

9: The _______________ ion intermediate has partial positive charge located ortho and para to the position of
the incoming electrophile, but not meta.

10: H-X and X2 add to ___________________ dienes to give both 1,2 and 1,4 addition products, via a
resonance stabilized allylic cation intermediate.

11: Molecules appear to our eye to be a combination of the wavelengths _____________.

12: ____________________ aromatic substitution involves wicked strong electrophiles reacting with the
aromatic pi system.

Down:

1: A carbohydrate with 5 carbon atoms is called a __________________.

2: ___________________ (glow in the dark) happens when the excited electron must reflip its spin before
entering the original filled orbital while emitting a photon.

3: At low temperature, in which the molecules cannot equilibrate, the more quickly forming product
predominates (called ______________ control).

4: Carbohydrate monomers can be linked together via acetal bonds, and this linkage can be alpha or beta. This
type of acetal bond is called a __________________ bond.

5: A ________________ is a carbohydrate monomer that has a ketone carbonyl group.

6: A ________________ is a carbohydrate monomer that has an aldehyde carbonyl group.

7: A new chiral center is created (at the _____________ carbon) as the carbohydrate cyclizes.

8: __________________ has glucose monomers linked via alpha linkages so it is bent and therefore not rigid.

9: Carbonyl groups on the dienophile react in the so-called __________ position "underneath" the double bonds
of the diene.



Pg 4_____________(18)

5.  (10 pts) The following tripeptide, referred to as RGD, binds to certain receptors in the integrin 
family involved with cell adhesion.  In each box, add the correct number of protons as well as lone 
pairs of electrons and draw any formal charges on the boxed atoms TO INDICATE THE 
APPROPRIATE PROTONATION STATES AT pH 7.0.  Refer to pKa values in the table at the 
beginning of the exam as well as the value for guanidinium listed below to the right:

Signature_________________________

OH O

HA)
(racemic)

*

6.  (2 pts each)  In each of the boxes over an arrow, write the minimum number of equivalents of 
the specified reagent required to carry out the reaction shown to completion.  If only a catalytic 
amount is needed, write "CAT".   Note: You must assume the carbonyl compound starting 
material is initially present in an amount of 1.0 equivalent.

equivalents  NaOH

B)

H

O

O

O mild H3O

LDA

O O

OCH3

(racemic)

*equivalents1)

2)
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mild H3O
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pKa = 13.6

What is the overall charge on the RGD peptide at pH 7.0?

Guanidinium

O O O
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7 (4 pts each) For the following, rank the molecules according to the directions given.
A. Rank from least to most acidic, with a 1 under the least acidic and a 4 under the most acidic molecule.

Cl

O

B. Rank from least to most reactive with nucleophiles, with a 1 under the least reactive and a 4 
under the most reactive molecule.

O

O

NH2

O

O

O O

D. Rank from least to most basic, with a 1 under the least basic and a 4 under the most basic molecule.

NH2

NH2

H

O

OH

O

F3C OH

O

H2ClC OH

O

C. Rank from least to most reactive with wicked strong electrophiles, with a 1 under the least 
reactive and a 4 under the most reactive molecule.

ClClCl OCH3

E. Rank from least to most acidic, with a 1 under the least acidic and a 4 under the most acidic molecule.

NH2

Cl

NH2

O2N NO2

F. Think this through!!  Rank from least to most acidic, with a 1 under the least acidic and a 4 under the 
most acidic molecule.
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Did you remember to draw boxes and circles?

Intermediate

O

O

Intermediate

C) H

OH H

8. (28 points)  Many of the reactions we have learned this semester involve steps with nucleophiles reacting 
with electrophiles.  For the following examples of steps in mechanisms we have seen this semester, 1) Draw 
the intermediate that will be formed when the two molecules react.  2) Draw all formal charges and 
lone pairs on the intermediates.  3) Draw arrows on the starting materials to indicate the flow of 
electrons that leads to the intermediate.  4) FINALLY, DRAW A BOX AROUND THE 
NUCLEOPHILE AND A CIRCLE AROUND THE ELECTROPHILE IN EACH CASE.  There is no 
need to draw final products or any further steps of the mechanisms.  You do not have to worry about 
labeling chiral centers or writing "racemic" on this one. You might want to read these directions again so 
you know what we want.
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a proton 
transfer
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Products

9.  (28 pts total) Complete the mechanisms below for a cyclic aldol reaction and decarboxylation.  DO NOT 
DEHYDRATE THE PRODUCT. Use arrows to show the movement of all electrons, and be sure to draw all lone 
pairs of electrons and all formal charges.  Label all chiral centers with an asterisk (*) and write "racemic" if 
appropriate.  Remember, you must show all products for each step. Fill in the boxes below or beside each set of 
arrows to indicate which type of mechanistic element is involved, i.e. "add a proton", "break a bond", etc.

H O H

H3C O
H

O O

H H

Reactive Conformation

No need to name the steps on this decarboxylation reaction

Product

Tautomerization
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10. (16 pts total) This question is designed to probe your understanding of reaction mechanism, as well as 
the concepts surrounding kinetic vs. thermodynamic control of reactions.  Below is the energy diagram 
for the addition of HBr to 2-methyl-1,3-butadiene.  Fill in the boxes with appropriate structures.

2-Methyl-1,3-butadiene

HBr   +

Draw the two most important contributing 
structures of the key intermediate

Product A

Product B

Reaction Progress

Fr
ee

 E
ne

rg
y

Which product will predominate a lower temperature?

Which product will predominate a higher temperature?

Which product will predominate under kinetic control?

Which product will predominate under thermodynamic control?

 (2 pts each) For the following four questions, circle the correct answer either "Product A" or
 "Product B"

Major Minor

Product A       Product B

Product A       Product B

Product A       Product B

Product A       Product B
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11. (12 pts total) On the following molecules, circle all of the lone pairs that are part of the aromatic set of 
pi electrons. In other words, circle the lone pairs that are part of the 4N + 2 pi electrons according to 
Hückel.  Note: you do not have to worry about the lone pairs we did not show on the structures below.

NH

N
H

N

O

Keet

Keet

O

Gren

Falcon

NH

O

ON

O

OHOH

HO

N

H H

O O

NH2

For all of the lone pairs you circled, what type of orbital are they in?

Notice this!

This is not a question, it is here to make you smile!
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12. (34 pts.) Write the predominant product or products that will occur for each transformation. Assume 
each reagent only adds once to the ring. If predominantly ortho/para products are predicted, you must 
draw both.

Pg 10____________ (34)

HNO3

H2SO4

H2

Ni°

NaNO2
HCl

O

Cl AlCl3

MgBr
1)

ether
2) mild H3O

CuBr

HBr

H3PO2

H2O

Cl

O

HNO3
H2SO4

SO3

H2SO4



Signature_________________________

13. (23 pts.) Write the predominant product or products that will occur for each transformation.  If a new 
chiral center is created and a racemic mixture is formed, mark the chiral center with an asterisk 
"*" and write "racemic" under the structure.  If there is an aldol reaction, draw the product before 
any dehydration takes place.  If an ortho/para mixture is predicted, you must write both.

Pg 11____________ (23)
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Cl
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2) H3O
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O
cat. NaOH

OCH2CH3

NO2

Br2

FeBr3

OCH2CH3 Br2

FeBr3

O2N

O
O

O

O

1) 1.0 eq. LDA

2) mild H3O

heat
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14. (16 pts.) You might find these are harder so take your time.  Write the predominant product or 
products that will occur for each transformation.  If a new chrial center is created and a racemic 
mixture is formed, mark the chiral center with an asterisk "*" and write "racemic" under the 
structure. If ortho/para products are made, you must draw both.  Note, for this problem, aldols can 
dehydrate if heated in dilute acid.

1) cat. NaOH

2) H3O   / heat

O

O
O

O

O P(Ph)3

O
O O

1)

2) Mild H3O
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15.(3 pts each)  Fill in each box with the reagents required to bring about the reactions indicated.

A.
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O

HO

O

H

OH
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B.
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HOOH
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NO2

NO2
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NO2
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Cl
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N NH2
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16. (11 pts.) For the following series of reactions, write the predominant product you would expect.  
You do NOT need to draw intermediates synthesized along the way, just the final product.  You can use 
the back of the page as scratch paper if that will help.  If a racemic mixture is produced, put an asterisk "*" 
next to any chiral centers and write "racemic".

1) Br2 / FeBr3
2) Mg°, ether

3)  CO2

5)  SOCl2
6)

AlCl3

7) NH2NH2, NaOH

O

O 1) 0.5 eq. LDA
2) Mild H3O

3) 1.0 eq. NaOEt
4)

4) Mild H3O

Br



?
(13 pts)

OHCl
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17.  Using any reagents turn the starting material into the indicated product.  All the carbons in the 
product must come from the given starting materials.  Draw all molecules synthesized along the way.  
When it doubt, draw the molecule!

(4 pts) ? Cl

NO2

Cl

O2N
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17.(cont.)  Using any reagents turn the starting material into the indicated product.  All the carbons in the 
product must come from the given starting materials.  Draw all molecules synthesized along the way.  
When it doubt, draw the molecule!

?
(16 pts)

O2N

Br

CN

KCN
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17.(cont.)  Using any reagents turn the starting material into the indicated product.  All the carbons in the 
product must come from the given starting materials.  Draw all molecules synthesized along the way.  
When it doubt, draw the molecule!

(22 pts)

H2C CH2

?
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17.(cont.)  Using any reagents turn the starting material into the indicated product.  All the carbons in the 
product must come from the given starting materials.  Draw all molecules synthesized along the way.  
When it doubt, draw the molecule!

(28 pts)

OH
H

O

?
O
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O CH3

OH H

OH3C H

OH3C H

OH3C H
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OH3C H
H

OH3C H

OH3C H
H

OH3C H
H

H

H

HH

H

H3C
O

O CH3

Add a 
proton Make a bond

Add a 
proton

Break a bond

Take away 
a proton

Add a 
proton

18. (12 points)  We decided to try something new.  The following mechanism for Fischer esterification 
was on last year's final.  One of the students in the course named Joe Bag O'Doughnuts made 6 mistakes.  
Draw a circle around each  of the 6 mistakes.  I suggest you just start from the beginning and pretend 
you were writing the mechanism, then look at each step to find the errors.  You do not have to write what 
poor Joe did wrong, you only need to draw 6 circles.

*
(racemic)
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19 (6 pts)  Bonus question.  This is part of the synthesis of the anticancer drug sunitinib.  You have 
learned enough to predict the product if you recognize the key functional groups and work through the 
chemistry.  In the box provided, write the structure of the final product of the following reaction.

O

O

H2N
N


