NAME (Print): Chemistry 320N
Dr. Brent Iverson

3rd Midterm
SIGNATURE: April 23, 2015

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

Please Note: This test may be a bit long, but there is a reason. | 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. |1 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.

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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DO NOT TEAR OUT THIS PAGE!!

We are trying something new to improve grading accuracy. You must write the answers for the questions on the

next three pages on this single sheet.

Question 1, page 2 (12 pts) True false qustions.
As appropriate, circle True or False in each space
corresponding to the statements on page 2.

1.1 True False 1.2 True False
1.3 True False 1.4 True False
1.5 True False 1.6 True False
1.7 True False 1.8 True False

1.9 True False 1.10 True False
1.11 True False 1.12 True False

Question 2, page 3 (4 pts) Write the word that best
completes the sentences.

2.1
2.2
23 (Red or Green)
24 (Red or Green)

Question 3, page 3 (3 pts) Write the word or symbol
that best completes the sentences.

3.1

32
33

Question 4, page 3 (6 pts) Write the letter (A or B)
of the more acidic molecule.

4.1 42 43

4.4 4.5 4.6

Question 5, page 4 (12 pts) For each molecule, write
"Aromatic" or "Not Aromatic"

5.1 52
53 54
55 56
5.7 58
59 5.10
5.11 5.12

Question 6, page 4 (7 pts) State the type of orbital
containing the lone pair of electrons indicated by
the arrow.

6.1 62 63
6.4 6.5 6.6
6.7



Signature Pg2 (12)

Write your answers to these questions on the answer sheet on page 1

1. (12 pts). On page 1, circle True or False to indicate whether each of the following statements is true
or false.

1.1

1.2

13

14

15

1.6

1.7

18

1.9

1.10

1.11

1.12

When HBr adds to conjugated dienes, the 1,4 addition product is the product that predominates
when the reaction is considered to be under kinetic control.

When HBr adds to conjugated dienes, the 1,4 addition product is the product that predominates
when the reaction is considered to be under thermodynamic control.

When HBr adds to conjugated dienes, thermodynamic control of the reaction will occur at
higher temperatures and kinetic control will occur at lower temperatures.

When HBr adds to conjugated dienes, thermodynamic control of the reaction will occur at lower
temperatures and kinetic control with occur at higher temperatures.

When trying to understand molecular orbitals in aromatic molecules it is best to think of
electrons as waves.

In molecular orbital theory, the number of molecular orbitals generated equals the number of
atomic orbitals used to construct them. For example, six 2p orbitals will combine to give six
new pi molecular orbitals.

Fluorescence occurs when an electron is excited to an unfilled orbital upon absorption of a
photon, then a new photon is emitted as the electron immediately returns to the orbital from
where it originated (ground state).

Chemiluminescence occurs when the product of a reaction happens to be generated in an
electronically excited state, and a photon is emitted as the electron returns to the ground state
orbital.

Chemiluminescence occurs when an electron is excited to an unfilled orbital upon absorption of
a photon, then the electron is trapped in this excited state for a while. After a time, a new photon
is emitted as the electron returns to the orbital from where it originated (ground state).

Phosphorescence occurs when the product of a reaction happens to be generated in an
electronically excited state, and a photon is emitted as the electron returns to the ground state
orbital.

The greater the number of atoms taking part in conjugation (larger “pi-way”), the larger the
energy gap between the highest energy filled pi molecular orbital and the lowest energy unfilled
pi molecular orbital.

The greater the number of atoms taking part in conjugation (larger “pi-way”), the smaller the
energy gap between the highest energy filled pi molecular orbital and the lowest energy unfilled
pi molecular orbital.
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Write your answers to these questions on the answer sheet on page 1
2. (4 pts). On page 1, fill in each blank with the word that best completes the following sentences.

The color we see for an object is the determined by the combination of wavelengths of light that are
(2.1) minus the wavelengths of light that are

(2.2) This is precisely why the (2.3) (red or
green) laser was able to shine through my finger while the (2.4) (red or green) laser
was completely absorbed by hemoglobin, the main colored pigment in our tissues.

3. (3 pts). On page 1, fill in each blank with the word or symbol that best completes the following
sentences.

According to Hiickel’s rules, for a monocyclic molecule to be aromatic:

A. The ring must be (3.1).
B. All of the ring atoms have a (3.2) orbital.
C. There are 4n + 2 (3.3) electrons.

4. (6 pts). On page 1, for each pair of molecules, write the letter (A or B) corresponding to the
MORE ACIDIC molecule.

0 0
4.1 \)J\ 4.2 \)J\
o > on S o
A B A B

@) O O
o A - )
A B A B
|
H
H
N @

9 0 \ /
45 )J\ )J\ 46 N® X
FaC ) OH o \\ // | P
A

B
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Signature
Write your answers to these questions on the answer sheet on page 1

5. (12 pts). On page 1, for each molecule, in the spaces provided write “AROMATIC” if the molecule
is aromatic according to the Hiickel definition, write “NOT AROMATIC” if the molecule is not

aromatic.
H

> 52 0O 53

OB n 0

/

6. (7 pts). On page 1, in the spaces provided write the type of atomic orbital (sp’, 2p, etc.) that contains
the electron pair indicated by the arrow.

55

5.12

H 6.1 6.2
c|:@ A — y 6.4
Ho " on N He? DnNF
N He” cH AN/
HC —CH I | ‘N—CH
HC . _CH “—/H/
G 6.7
6.5 H o)
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7. (2 pts) What is the most important question in chemistry?

-~

8. (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 wil be looking for a minumum of 7 key
points here.

9. (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.




Pg6 (18)

Signature

10. (10 pts) 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.

W I
A) \/C\ equivalents HO-Na* {+_ CH
H (racemic)
% OCH;
(UN D equivalents CH;O-Na*
B) /\I( CH, q 3 - ) o
o 2) mild H;0* (racemic)
% OCH;
0 O_ 1) equivalents LDA /\’
/\' I/ CH3 _ i J
(0] 2) mild H;O* (racemic)
D) 0 . Nt (0)
N 1) equivalents HO-Na
CH, - \)I\ .CH,
o 2) mild H;0*

For these next two we have provided the product, you need to draw the starting material as well as fill
in the number of equivalents.

(0]
E) o
1) equivalents CH;0"Na* * -
> (0)
2) mild H;0* (racemic)
(0]
F)
1) equivalents HO-Na*
- H
2) mild H;0* (heat)

11. (8 pts) For the following enolate, draw the two other most important contributing structures. You do not
need to draw arrows here, but be sure to show all lone pairs and formal charges.

0 :0:
Il o Il
H3C <N a/C\o-/C\. a/CH3
0] C o) > >

H
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12. (23 pts) Complete the mechanism for the following Claisen 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. [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 mechanistic elements describes each step (make a bond, break a bond, etc.).

0. ©..
I :0—CH,CHs
H3CHLC \.CS/C\ ~CHg -
o0 / \ D
H H
4
:ﬁ)i
H3;CH,C \.O./C\C/CHs
o0 H/ \H
A
4
@ o0
:.O._CHchS
A
Products

Note you will have to write a balanced equation forthe above mechanism on PAGE 9
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13. (26 pts) Complete the mechanism for the following Michael 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. 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 mechanistic elements describes each step (make a bond, break a bond, etc.).

2 _ _

[ ] (] .O. @..
I I 1) <O—CHyCH;
C C -
AN AN =
H /C\ H
H H i |
o
2
) _Co Cosn
H Cl) NH,
H "
HaCH,C—0 —H
4
Tautomerization
y
®..
:Q_CHQCHs
- Products

Note you will have to write a balanced equation forthe above mechanism on PAGE 9
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14. (11 pts) Write BALANCED equations for both mechanisms that you drew on the last two pages. Note
that because we want balanced equations you will need to specify the equivalents of each of the reagents
you start with as well as the equivalents of each of the products made. PLEASE READ THIS
CAREFULLY, WE ARE NOT TRYING TO TRICK YOU SO MAKE SURE YOU READ THE WORD
EACH IN THE LAST SENTENCE!!

Write a balanced equation for the overall process described by mechanism 1 from page 7

Write a balanced equation for the overall process (including adding both reagents) described by
mechanism 2 from page 8
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15. (3, 4 or 5 pts.) Write the predominant carbon containing product or products that will occur for each
transformation. If there are two carbon containing products, WRITE THEM BOTH. If a new chiral
center is created and a racemic mixture is formed, label the chiral center with an asterisk (*) and
write racemic. No need for wedges and dashes. Also, do not worry about balancing these equations,
you just need to show us the major carbon-containing products of these transformations.

/\H/H 1) catalytic NaOH
>
®

0 2) H30 ~ heat
: j 0]
NT
Cl
>
®
2) H;0 ~ heat
(0]

1) 1.0eq.LDA

>
2 Q)
2)
Cl

(0)
s
>
catalytic NaOH
(0) heat
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16. Using any reagents turn the starting material into the indicated product. All carbon atoms inthe product
must come from the starting material. Draw all molecules synthesized along the way. When in doubt,
draw the molecule! Label all chiral centers with an asterisk (*) and make sure to right "Racemic" where
appropriate. You will notice a theme in these problems in that you will be starting with very simple
structures and making more complex products.

Remember, all of the carbons of the product must come from the given starting material.
(10 pts)

A)

H H ? o
\ /
C=C > /\)j\
/A ~ H
H H

Ethylene
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16. Using any reagents turn the starting material into the indicated product. All carbon atoms inthe product
must come from the starting material. Draw all molecules synthesized along the way. When in doubt,
draw the molecule! Label all chiral centers with an asterisk (*) and make sure to right "Racemic" where
appropriate. You will notice a theme in these problems in that you will be starting with very simple
structures and making more complex products.

Remember, all of the carbons of the product must come from the given starting material.
(13 pts)

B) o)

~—"on ? > \)J\/

1-Propanol
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16. Using any reagents turn the starting material into the indicated product. All carbon atoms inthe product
must come from the starting material. Draw all molecules synthesized along the way. When in doubt,
draw the molecule! Label all chiral centers with an asterisk (*) and make sure to right "Racemic" where
appropriate. You will notice a theme in these problems in that you will be starting with very simple
structures and making more complex products.

Remember, all of the carbons of the product must come from the given starting material.
(19 pts)

&)
0]

~on —— f_

Ethanol
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16. Using any reagents turn the starting material into the indicated product. All carbon atoms inthe product
must come from the starting material. Draw all molecules synthesized along the way. When in doubt,
draw the molecule! Label all chiral centers with an asterisk (*) and make sure to right "Racemic" where
appropriate. You will notice a theme in these problems in that you will be starting with very simple
structures and making more complex products.

Remember, all of the carbons of the product must come from the given starting material.
(13 pts)

D) 9 OH

e

Butadiene Ethylene

Racemic
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16. Using any reagents turn the starting material into the indicated product. All carbon atoms inthe product
must come from the starting material. Draw all molecules synthesized along the way. When in doubt,
draw the molecule! Label all chiral centers with an asterisk (*) and make sure to right "Racemic" where
appropriate. You will notice a theme in these problems in that you will be starting with very simple
structures and making more complex products.

Remember, all of the carbons of the product must come from the given starting material.

(13 pts) You will get 5 bonus points for getting this one entirely correct!

E) OH
N ‘-’
CH;0H >
Methanol Isopropanol o)

(Wood alcohol) (Rubbing alcohol)
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16. (8 pts) The reactions we have learned now are powerful enough to make some very sophisticated
molecules. Using the reactions you know, draw the missing reagent or product in the box. In both cases,
one of the four molecules listed (A-D) is the correct answer.

I O
catalytic NaOH

heat Racemic
(Robinson)

0O O

O O
A B C D

catalytic NaOEt
F >
(Michael)

@)

I stongly recommend you number the atoms on this one!

Racemic

C

Racemic

Racemic

A B Racemic

D



