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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,
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and try to figure out the rest. Also make sure to look at the point totals on the questions
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Compound
Hydrochloric acid H-CI
®
Protonated alcohol RCH,OH,
Hydronium ion ﬂ3O®
T
Carboxylic acids R-CO-H
L ®
Ammonium ion HuN
. I Il
p-Dicarbonyls RC -CH, CR'
®
Primary ammonium H3NCH,CHj
T
p-Ketoesters RC-CH, COR!
ﬁ I
p-Diesters ROC -CH, COR'
Water HOH
Alcohols RCH,OH
]
Acid chlorides RCH,-CCl
T
Aldehydes RCH,-CH
T
Ketones RCH,-CR'
i
Esters RCH,-COR'
Terminal alkynes RC=C—H

LDA

Terminal alkenes

Alkanes

10
10.5

11

13

15.7
15-19

16

18-20

18-20

23-25

25

40

44
51
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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 four pages on this single sheet.

Question 1, page 2 (5 pts) Write the correct letter, A), B), C), D) or E) corresponding to the order of acidity
of the molecules, listed from most to least acidic.

Question 2, page 2 (5 pts) Write the correct letter, A), B), C), D) or E) corresponding to the order of anion
stability, listed from most to least stable.

Question 3, page 3 (5 pts) Write the correct letter, A), B), C), D) or E) corresponding to the order of reactivty
with nucleophiles, listed from most to least reactive.

Question 4, page 3 (6 pts) Write the hybridization state of the atoms indicated by the arrows.

a) b) c) d) e) f)

Question 5, page 4 (5 pts) Write""yes" or "no" corresponding to whether the bond indicated by the arrows
does ("yes") or does not ("no") rotate freely at room temperature.

a) b) c) d) e)

Question 6, page 4 (1 pt) What pH (2.0, 7.0, or 11.0) corresponds to the stucture from question 5?

Question 7, page 4 (5 pts) Write the correct letter, A), B), C), D) or E) corresponding to the order of reactivty
with nucleophiles, listed from most to least reactive.

Question 8, page 5 (4 pts each) Write "A" or "B" in each blank to indicate which structure is the nucleophile
and which is the electrophile.

8.1 The nucleophileis ______  and the electrophileis _____
8.2 The nucleophileis _____ and the electrophileis _____
8.3 The nucleophileis ______ and the electrophileis ______
8.4 The nucleophileis _____ and the electrophileis ______
8.5 The nucleophileis _____ and the electrophileis ______

8.6 The nucleophile is and the electrophile is
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Write the answers to these questions on the answer sheet on page 1

1. (5 pts) Rank order all of the following with respect to relative acidity. The acidic H atom in question
is indicated in bold and with an underline for each molecule. On the answser sheet on page 1 write
the letter corresponding to the correct order of acidity, ranked from most to least acidic for the
molecules labeled as (a) - (d).

H

H }I

(a)

most acidic

A)
B)
)
D)
E)

(a)
(b)
()
(b)
(d)

(b)
(a)
(a)
(c)
(c)

(c)
(d)
(d)
(a)
(b)

H H H
H_| \ /
/C\ /C\ -
H S
H—Cl H
H
(b) (c)
least acidic
(d)
(c)
(b)
(d)
(a)

H H H

2. (5 pts.) Rank order the following in terms of anion stability. On the answer sheet on page 1 write the
letter corresponding to the correct order of anion stability, ranked from most to least stable for the
molecules labeled as (a) - (d).

H 0.
H: I R /g O
C 0.
H / \H o
(@)
most stable
A) (@ (b)
B) (b) (a)
C) (o (a)
D) (b) (©
E) @ (©

(c)
(d)
(d)
(a)
(b)

H H H
H_| \ /
O TR
:Cl: ! H H
H
(b) (c)
least stable
(d)
()
(b)
(d)
(a)

H\ H\ /H
H-
C\ /Cﬁﬁo

e

H C O.
/ \ L)
H H

(d)
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Write the answers to these questions on the answer sheet on page 1

3. (5 pts) Rank order all of the following with respect to relative reactivity with a nucleophile such as
NH;. On the answer sheet on page 1 write the letter corresponding to the correct order of
reactivity, ranked from most to least reactive for the molecules labeled as (a) - (d).

0 0 O O o
)l\ 0" /\)J\ cl )J\ o )J\ /\)J\ N N
(a) (b) (c) (d)
most reactive least reactive
A) (@ (b) (c) (d)
B) (b) (a) (d) (©
© (o) (a) (d) (b)

D) (b) () (a) (d)
E) (d) (©) (b) (a)

4. (6 points) On the answer sheet on page 1, indicate the hybridization state of each atom identified by the
arrows.
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Write the answers to these questions on the answer sheet on page 1

5. (5 pts) On the answer sheet on page 1 write "yes" or "no" to indicate whether the bond
identified by the arrow does (yes) or does not (no) rotate freely at room temperature.

6. (1 pt) For the above structure (problem 5), is the molecule drawn in the correct protonation state for
pH2.0,7.0,0or11.0? Write 2.0, 7.0 or 11.0 on the answer sheet on page 1.

7. (5 pts) You will have to think about this one a little. Rank the following molecules with respect to
overall reactivity with nucleophiles such as NH; On the anwer sheet on page 1, write the letter
corresponding to the correct order of reactivity, ranked from most to least reactive for the molecules
labeled as (a) - (d).

\/\"/O\CF3 \/\ﬂ/o\?i:' \/\H/O\CHS \/\"/O\C/\CHs
o) o) Cl 0 0 (!‘;HsCH3
(a) (b) (©) (d)
most reactive least reactive

A) (a (b) (c) (d)
B) (b) (a) (d) (c)
O © (a) (d) (b)
D) (b) (c) (a) (d)
E) (d) (c) (b) (a)
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Write the answers to these questions on the answer sheet on page 1

8. (4 pts each) The mechanisms we have been studying largely involve nucleophiles of various types
attacking electrophiles of various types, with protons being transferred quite often as well. The following
reagents represent individual steps from some of these mechanisms. For each pair of reacting molecules,
one is labeled A and the other B. On the page 1 answer sheet, indicate whether A or B is the
nucleophile and whether A or B is the electrophile.

8.1

8.3

8.4

8.5

8.6

®_H
:0
’ g | _H ..
H:?/ \:Q/ \H + H_Q_H
H A B
:0:
I | _H PN
~ /C\--/C\ " MgBr =
/C|3 9) H B
A
H ® .
H—/C—CEN + H-O-H =—>
H A B
:0: H Li®
|
H .. _Al—
:CJ\N/\CH; H A|| H
H | H H
HoA
B
:Ele
Mo O M ¢ BB ——
H™ |
H H B
A
:ﬁ:
He Coo * 7 W, <
~ Gl B
H |
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9. (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.

10. (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.

11. (4 pts each) In the space provided, write the IUPAC name (including stereochemistry where
appropriate) for the following two molecules: o o

CH,

CH,

12. (4 pts) In the space provided, draw the following molecule: (35,6 R)-3,6-dihydroxyoctanoic acid
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13. (35 pts) Complete the mechanism for the following ester hydrolysis 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.).

T — p—
0: e
/\O < -
.O.
H/c.\H WL
.O.
H/co\H
)
2
H™ " H
‘:‘

Products

Note you will have to write a balanced equation forthe above mechanism on PAGE 9
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15. (36 pts) Complete the mechanism for the following two reactions of esters. 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.).

A

—H

A .

Note you will have to write a balanced equation forthe above mechanism on the NEXT page

Note you will have to write a balanced equation forthe above mechanism on the NEXT page

i
. O ° : N - H Proton
AT H heat Transfer
/\‘O‘ ~ ~
[ ] ..e 7
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16. (12 pts) Write BALANCED equations for the four mechanisms, 1-4, that you drew on the last three
pages.

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

H,SO,
or HCI
(catalytic)
_—

Write a balanced equation for the overall process described by mechanism 2 from page 8

Write a balanced equation for the overall process described by mechanism 3 from page 8

heat
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14. (17 pts) Complete the mechanism for the reduction of the following lactone. Be sure to show arrows
to indicate movement of all electrons, write all lone pairs, all formal charges, and all the carbon
containing products for each step. Remember, I said all the carbon containing 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.).

No need to draw arrows on this structure — - -

2) Chemist
opens flask and
adds excess

.O.
H/..\H
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16. (3 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.

0) 2eq. H,NT N

\)J\ >
Cl

~CH3 1) LiAlH,
H
2) H,0

O

Draw all the carbon containing products made
from the ester starting material

o H,0
—>
H,S04
catalytic

O 1eq.NaOH
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16. (3 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.

0]
HO

Cl

(0
W ~ CH3 R
2) HC1/H,0

O (mild acid)

Draw all the carbon containing products made
from the ester starting material

1 CulLi

Cl >
2) H,0

NN 1) LiAIH,
H 2) H,0

H 1) HCN

2) H;0®
(strong acid)
Heat
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17. 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. Hint: this should look familiar as a homework problem.

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

A)

(0
?
A "on > /\)I\O/\/\
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17. 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. Hint: this should look familiar as a homework problem.

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

(0) (0)
K ? )J\ )J\
~on . > o) o™

Racemic
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18. Here is an MCAT style “Passage” question. Read the passage then answer the multiple choice
questions. Synthetic fibers are used in everything from modern fabrics for clothes to synthetic ropes and
even bullet proof vests and clothes. The first commercially important synthetic fiber, Nylon 66, was
created right after World War II at the DuPont company. Nylon 66 is so-named because it is
synthesized as a polymer from a 6-carbon diacid and a 6-carbon diamine. These molecules are reacted
to give amide bonds. Because both the diacid and diamine have two functional groups, the result is a
very long chain molecule called a polymer.

6 carbon diacid O 6 carbon diamine
H /\/\/\
O\’(\/\)‘\OH T HaN NH,

O l Special catalytic reaction conditions

Polymer chain

continues ina 6 carbon diacid Q 6 carbon diamine 6 carbon diacid @ Polymer chain
repeating H H  continues ina
fashion P U N NN N N repeating
N N ~ ; fashion

O

H H 6 carbon diamine
(0]
Nylon 66

Nylon 66 was made at the same time as analogous polyester polymers, such as the one shown here made
from the same 6-carbon diacid and a 2-carbon dialcohol.

0 2.carbon
6 carbon diacid dialcohol
HO k OH
\’(\/\) OH + HO /\/
© l Special catalytic reaction conditions

Polymer chain .. ..
con)tlinues ina 6 carbon diacid o 2 carbon 6 carbon diacid (0] 2 carbon

h : i Polymer chain
;epﬁglmg ;((V dialcohol 0 dialcohol o continues in a
ashion repeating
(e} /\/ (0] /\/ ~ )f) fashion

0 0

One of the first polyester polymer fibers
For the following three questions, circle the single best choice among the four answers:

1) Nylon 66 makes strong fibers suitable for creating durable fabrics among many other items. The
first polyesters, on the other hand, turned out to melt too easily and are not used for any useful fibers
or other products. Fibers made from Nylon 66 are strong and useful while the polyester fibers are
not because:

A) The amide bond does not rotate as easily as ester bonds making the nylon polymer molecules
less flexible

B) Amides can hydrogen bond between polymer chains, while polyesters cannot

C) Amides are more basic than esters

D) Both A) and B)
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Kevlar is an important fiber that is also composed of diacids and diamines linked by amides to make
long polymer molecules as shown below. Kevlar fibers are so strong they are used to make bullet-proof
vests and more recently bullet-proof clothes. Many celebrities and politicians wear suits made from
Kevlar every day and no one can usually tell their stylish suit jacket would stop a bullet!

0] (O]
HO OH

l Special catalytic reaction conditions

Polymer chain
Polymer chain o O 0] @) continues in a
continues in a %repeat!ng
repeating - fashion
fashion ‘@1‘ N N N N
H H H H

Kevlar

2) Kevlar makes fibers that are much stronger than Nylon 66 because:

A) The rings make the amides more basic in Kevlar compared to Nylon 66

B) The rings make the Kevlar polymer chain much more rigid than the Nylon 66 polymer chain

C) The Kevlar amides make hydrogen bonds between polymer chains, while the amides in Nylon 66
do not make hydrogen bonds.

D) Kevlar was brought to Earth by Superman, explaining why his suit stops bullets.

Dacron and Mylar are polyesters made from the same diacid used to make Kevlar

° ° OH
>_©_/< v+ HOT O
HO OH

l Special catalytic reaction conditions

0 0 Polymer chain
Polymer chain continues in a

continues in a 0 o re}f)e:i]t:mg
repeating s ashion

o o
Dacron and Mylar

3) Dacron and Mylar make much stronger fibers and films compared to the polyester on the previous
page because:

A) The rings make the esters more basic in Dacron and Mylar compared to ester polymers with no
rings

B) The rings make the Dacron and Mylar polymer chain much more rigid compared to ester
polymers with no rings

C) The Dacron and Mylar esters make hydrogen bonds between polymer chains, while the polymers
made from esters with no rings do not make hydrogen bonds

D) Dacron was brought to Earth by aliens bent on colonizing our planet. In the 1980’s the aliens
tried to convince all males to buy polyester “leisure suits” and thus become unattractive to all
human females. It almost worked. Check out some old photos of your father!!
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19. (5 pts) One of the fundamental paradigms of organic chemistry is that a functional group
reacts the same in a complex molecule as it does in a simple molecule. The following step
was used in the synthesis of atorvastatin (Lipitor). Write the predominant product of the
following transformation, including the correct stereochemistry. This will take you a while to
draw and it is not worth that many points, so definitely leave it until the end.

HO O




