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1. (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.

The popular medical diagnostic technique of magnetic resonance
imaging (MRI) is based on the , namely
the flipping (i.e. resonance) of nuclear spins of protons by radio
frequency irradiation when a patient is placed in a strong
magnetic field. 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 slices that

of relative
amounts of protons, especially the protons from water and fat,
in the different tissues.

2. (4 pts each) In the space provided, write the IUPAC name (including stereochemistry where
appropriate) for the following two molecules:

/\)Oi/'\)OJ\
0o~ >~

(3R ,SR)-Ethyl 5-hydroxy-3-methyloctanoate

O O
w AL
3 oH

5,5,5-Trifluoro-3-oxopentanoic acid

(0]

1P
N

N,N-Diethylformamide
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3. (4 pts each) In the space provided, draw the following molecule:

(R)-Isopropyl 3-methyl-4-oxohexanoate

0]

Y

(3E,5Z)-3-Methyl-3 ,5-heptadienoic acid

OH

Pg 2 27)

4. (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.

~N
~

H H
Lo
H™ >c? H
O

oo@

5. (9 points) Shown below is an amide formed between methyl amine and the amino acid
phenylalanine. Draw a small circle around all sp? hybridized atoms in the molecule.
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6. (4 points) Rank the following carboxylic acid derivatives with respect to reactivity with a nucleophile.
Write a 1 under the most reactive, and a 4 under the least reactive derivative.

@]
HsC O CHj @) O \)J\
\{( \{( )k )J\ NH2
o) o) HsC Cl HsC 0

_CH3

2 1 3 4

7. (4 points) Rank the following with respect to anion stability. Write a 1 under the most stable anion, and
a 4 under the least stable anion.

©o CHs
S S
T Cl © O—CHj NH,

2 1 3 4

8. (4 points) Rank the following in terms of relative acidity, with a 1 under the most acidic, and a 4 under
the least acidic molecule.

HO CHg
T Cl—H HO—CH NH,
0o

2 1 3 4

9. (4 points) Rank the following in terms of relative acidity, with a 1 under the most acidic, and a 4 under

the least acidic molecule.
H3CYCH3 FsC TOH \”/OH H3C\[(OH
O O O O

4 1 2 3

ClsC



Signature Pg 4 (18)
10. (10 points) The following structure is that of ampicillin, a very common antibiotic used in the
treatment of many bacterial infections. The following structure was copied directly from a Wikipedia page
(http://en.wikipedia.org/wiki/Ampicillin). To the right of the structure are listed relevant pK, values
from the table at the beginning of the exam.

PKa
H ﬂSNg)HchS 105
WS C H3 Primary ammonium
CH3 O
R—ll)O-ﬂ 3-5
OH Carboxylic acids

: : T : +1
Based on the pK, values given, what is the total charge on amplicillin in a solution of pH = 2.0?
(Amine function will be protonated and have a positive charge and the carboxylic acid will be protonated and neutral)

Based on the pK, values given, what is the total charge on amplicillin in a solution of pH =7.0? 0
(Amine function will be protonated and have a positive charge and the carboxylic acid will be deprotonated with a negative
charge)

In only two short sentence, describe two very different things that are wrong with the format of the

ampicillin structure that I copied from Wikipedia. Hint; one of the answers to this question is related to

the two questions you just answered. You can assume the atoms are all in the correct places in the

structure, we do NOT assume you know the structure of ampicillin by heart!

Based on the pK, values, there is NO pH in which the carboxylic acid will be
protonated but the amine function will be neutral as shown. The second problem is
that the stereochemistry is ambiguous at the circled chiral centers, showing three

bonds in the same plane and only one out of the plane.

11. (8 points) In the following reactions, draw a circle around the nucleophile. Note there is no reason to
write any products for these.

0) OH

A)
O
/\[r ~ K e
*HO )/ HsC CH, -
@)

D)

@_H
B)/\H/Cl O/
. (Nrgory) ——= Pe .
+ H0 | —
0 HsC o~ §




Signature

12. (35 pts) Complete the mechanism for the following amide 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

Pg 5

LABEL IT 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.).

/o 0\
Add a proton [
'@ _ ]
/ N .\ b'

proton
B away
¢l '@
Add a proton
H /. AN H
e H ] B
&
" \®M
0. H/T&O
A . Break a bond
H™SH  H N
H 0.
|®
H—N—H H oo
| "0
H LN ]
Products

\.
/p.\ Make a bond
H
o0 H
:O/ Racemic
*
H \.N.
| :O—H

Take a
proton
away
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13. (30 pts) Complete the mechanisms for the following two lactone reactions. 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 IT 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.).

O—H
Note: Due to the © ve
special nature of this O—H
starting material,
you are not supposed = Racemic
to draw arrows on
the last intermediate Make a bond
in each case. - -
Break a bond
‘0" Proton 0.
Ji il M ©
H 2
% 1 2 3 4 5 ° o/ H \. ) 1 3 : > 6:
e. Q - 9 LN ] o0
Products Do not draw any arrows here
Makea |[ Li 71| Break |[ :O_:) 7
bond ©,. .AlH; a bond
H__ 30! > 4 .O
P % J ——— | H ! 3 >0 @
1 Q0 .~ Li
NOH o
© @
Li | Racemic _| | _
n O O
| Li Make a
H—All —H bond
Chemist Opens H
Flask (
Li
excess — .@,Ale -
2) P H :.0:
PN
D ‘W\. . H H 2 3 4 5 ° oe
HO™ ! ; OH H ! ; 0. @
o ‘ Li
Adda AlH;
Products proton | Do not draw any arrows here |
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14. (35 pts) Complete the mechanism for the following Fischer esterification 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 IT 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.).

/\H NG
o (l®
\)L ST '%))/H
. ./H — '
\)J\- -/H

Add a proton

Make a bond

oo H

0 :0
N ~y .

0o~ H
Take a proton ‘

awa @O
— hG~"

Add a proton

H
C:)b_.)/ ’ < Break a bond
| e -
+Q 0 | T
/ PN

:Q.v H

—  Racemic - —

0 NN
\)J\o o/\ H Take a proton

away

Products
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15. (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.

0}
N LA, NN
H 2) H,0 H

1) NaBH,
—_——

2) H,0

Racemic

1) 1.0 Equivalent 0
o N NaOH

_—

2) HC1/H,0 OH H O/\
(mild acid)

o ] O

OH

2) HC1/ H,0
(mild acid)
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15. (14 points) For the following sequences of reactions, draw the final organic product or
products after ALL the steps have been completed. You do not need to draw the molecules
synthesized along the way, only the last product that is formed. If a new chiral center is
created in the reaction that produces a racemic mixture, label the chiral center with an asterisk
(*) and write "racemic" underneath.

(6 pts)

1) LiAIH,
2) H,0

%

1) H,CrO,
2) SOCl,

? (/\)zCuLi

4)H,0

5 O
HQC_P(Ph)S

(9 pts)

OH

Y
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(10 pts)
A) 9
O
\)‘\O/\/
1) LiAlH, T O
2) H,0 \)J\
) H, 1) O/\/
2) H;30
(mild acid)

Pg 10 (10)

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.

OH

2 Bng/\/

ether
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17. Using any reagents turn the starting material into the indicated product. All carbon atoms in the
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.
(13 pts)
B)

()
: 0
SN - /\]/ NN
1) O;
A
2) (CHy),S
1)NaBH, _~~_-OH

H /
/\I( B H,0
HZCrO4

SOCl, o

A~

Q)



(22)
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17. Using any reagents turn the starting material into the indicated product. All carbon atoms in the
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.

(22 pts)
©)
? 0
- W \/\/
(0]

RCO,H

(mild acid)
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18. (16 pts total) Here is an MCAT question in multiple choice format. You have not seen this chemistry
before, but you have learned fundamental principles of reactivity that will lead you to the correct answers. In
each case, you should circle the correct answer.

Tert-butyl esters are interesting for many reasons. Unfortunately, terz-butyl esters CANNOT be synthesized
from the reaction of an acid chloride with 2-methyl-2-propanol.

(0]
/\)J\O><
A tert-butyl ester

>< Not a useful
OH reaction

2-Methyl-2-propanol

Which of the following best explains why the above reaction does not work.
A. The 2-methyl-2-propanol has too much steric hindrance to react as a nucleophile.
B. Alcohols are weak nucleophiles, so they need acid catalysis to react with acid chlorides.
C. Alcohols are weak electrophiles, so they need acid catalysis to react with acid chlorides.
D. Both A. and B. are equally responsible for the lack of reaction.

Tert-butyl esters are synthesized in high yield from a carboxylic acid and 2-methylpropene in the presence of a
strong anhydrous acid such as H,SO,.

/\)OLO,I /K — /\)OJ\OX

2-Methylpropene A tert-butyl ester

The mechanism of this reaction involves a carbocation intermediate as shown:

N u Ny /////—\\ ~><éz :5;%14¥ j;xi;;}h804

H—O0g

Take a proton

Make a bond
away

Add a proton + HSO4
tert-butyl ester

Products




Which is true for the above mechanism:.

A. The pH of the reaction does not change.

0

The pH decreases during the reaction.
C. The reaction is catalytic in acid.
D. Both A. and C. are true.

Tert-butyl esters can be hydrolyzed in strong acid in the presence of water. Shown below are two possible
mechanisms, only one of which is correct.

y

N OH
5 %
HT " \K T

@

o)

9\ HTN
>< o L _ Products
0 H” " H ><

tert-butyl ester Add a proton

Several steps QH

|
Aﬁb';
/
u
|
\
(@)
I/
X
éé

l®
0
H/..\H

Il-l Products

Which of the following is true:
A. The reaction follows the upper pathway involving the carbocation intermediate.
B. The reaction follows the lower pathway involving an initial attack by water.

C. The mechanism use chose follows directly from the mechanism for terz-butyl ester formation according
to the law of microscopic reversibility..

D. Both A. and C. are true.

Given your answer immediately above, which is true?

A. The pH of the tert-butyl ester hydrolysis reaction does not change.

B. The pH of the tert-butyl ester hydrolysis decreases during the reaction.
C. The tert-butyl ester hydrolysis reaction is catalytic in acid.
D

. Both A. and C. are true.



