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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.

DO NOT TEAR OUT THIS PAGE!!

Question 1, page 2 (24 pts) Write the word or symbol
that best completes the sentences.

1.1 nuclei

1.2 magnetic

1.3 more shielded

14 lower

1.5 spin

1.6  furanose

1.7 pyranose

1.8 hemiacetal

19 toward

110 away from

1.11 alpha (o)

1.12  peta ®)

Question 2, page 2 (2 pts) Write the letter (A, B, C,
or D) corresponding to the correct rank (most to
least acidic)

2 B

Question 3, page 3 (2 pts) Write the letter (A, B, C,
or D) corresponding to the correct rank (most to
least reactive with a wicked strong electrophile)

3 A

Question 4, page 3 (2 pts) Write the letter (A, B, C,
or D) corresponding to the correct rank (most to
least basic)

4 _A
Question 5, page 3 (2 pts) Write the letter (A, B, C,

or D) corresponding to the correct rank (most to
least reactive with a nucleophile like water)

5 D

Question 6, page 4 (14 pts) Write the hybridization
state of the indicated N atom

61 5P 62 5P7 63 SPT 64 SP’

6.5 SP> 6.6 P’ 6.7 sp’

Question 7, page 4 (2 pts) Most reative with a
nucleophile

7 B

Question 8, page 4 (2 pts) Most reative with a
nucleophile

8 C

Question 9, page 5 (4 pts) Write the pH (2.0, 5.0,
8.0, 11.0) corresponding to the protonation state of
the molecule

9 50
Question 10, page 5 (6 pts) Write the type of

glycosidic bond indicated by the arrow. Anwers
might be a-1,4 or B-1,2, etc.

10.1 o-1.6 102 B-1.6 103 o-14

Question 11, page 6 (14 pts) Label the nucleophile
and electrophile with A and B as appropriate for each
pair of reagents.

11.1 Nucleophile:
11.2 Nucleophile:
11.3 Nucleophile:
11.4 Nucleophile:

B Electrophile A
B Electrophile A
A Electrophile B

Electrophile _
Electrophile B

11.5 Nucleophile:
11.6 Nucleophile: __ B Electrophile __ A

11.7 Nucleophile: __ B Electrophile __ A

Question 12, page 7 (6 pts)
121 B 122 A 123 3

Question 13, page 7 (6 pts) Write the word or symbol
that best completes the sentences.

13.1 charges

13.2  unpaired electron density (any order)

13.3 pielectrons

Question 14, page 7 (4 pts) Write the word or symbol
that best completes the sentences.

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

1. (24 pts) On page 1, fill in each blank with the word or words that best complete(s) the
following sentences.

NMR spectra record the energy (plotted as frequency) necessary for hydrogen (1.1)
to be excited from the lower energy spin state to the higher energy spin state in the presence of a strong
external (1.2) field.

The greater the electron density around a nucleus, the (more shielded or less shielded)

(1.3) it is, and the (lower or higher) (1.4) the energy of
electromagnetic radiation required to flip its nuclear (1.5).
A five-membered ring formed by a carbohydrate is called a (1.6) while a six-
membered ring formed by a carbohydrate is called a (1.7). In both cases, the ring is
formed by an —OH group reacting with a carbonyl to give a cyclic (1.8). When

looking at a Fischer projection, groups that are horizontal are oriented (toward or away from)
(1.9) you, while groups that are vertical are oriented (toward or away from)
(1.10) you.

Both starch and cellulose are polymers of glucose, but starch has (alpha or beta) (1.11)
glucose linkages, so it is bent and therefore not rigid (potatoes). Cellulose has the glucose monomers
linked via (alpha or beta) (1.12) glucose linkages so it is flat and the chains can pack
together nicely to create rigid cellulose (wood).

2. (2 pts) On page 1, write the letter (A, B, C, or D) corresponding to the order of acidity of the
following molecules. Rank them starting with the strongest acid and ending with the weakest
acid.

OH OH OH OH
O,N NO, =t NO,
| I m \'
A:TV>T> I > 11
B: II>II>1>1IV

C:IV>II>III>1
D:I>IV>II>11
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Write your answers to these questions on the answer sheet on page 1

3. (2 pts). On page 1, write the letter (A, B, C, or D) corresponding to the order of reactivity of
the following molecules reacting with a wicked strong electrophile. Rank them starting with
the most reactive (reacts the fastest) and ending with the least reactive (reacts the slowest).

OCHj HgCO OCHj
i : : ~Cl :

| | 1] v

A:IV>I>1I> 111
B:IV>I>1II>1I
C:HI>II>I>1V
D:IMI>1I>1IV>1

4. (2 pts) On page 1, write the letter (A, B, C, or D) corresponding to the order of base strength
of the following molecules. Rank them starting with the strongest base and ending with the
weakest base.

NH2 NH2 NH2 (j/NHQ
i O.N”~ i :NOZ i :NOQ
| | ]l v

A:IV>I>IIT> 1T
B:II>II>1>1V
C:IV>II>II>1
D:II>II>1IV>1

5. (2 pts). On page 1, write the letter (A, B, C, or D) corresponding to the order of reactivity of
the following molecules reacting with a nucleophile such as water. Rank them starting with
the most reactive (reacts the fastest) and ending with the least reactive (reacts the slowest).

A:I>11>1I>1V
B:II>1IV>I>III
C:HI>II>IV>1
D:II>IV>III>1
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Signature
Write your answers to these questions on the answer sheet on page 1

6. (14 pts). Following are several biological molecules with nitrogen atoms. On page 1, write the
hybridization state of each nitrogen atom indicated by an arrow.
6.1

Hzi\]\/\/\
NH;

Putrescine
("dead animal smell") H3N :

L-Alanine-L-alanine 6.6
6.4 (a dipeptide) ’ ﬁ

Cytidine
A (an RNA base
OHOH jrawn in the 6.7
form present at Tryptophan
acidic pH) (an amino acid)

(2 pts). On page 1, write the letter (A, B or C) corresponding to the molecule that is most

7.
reactive (reacts fastest) with a nucleophile.

0 0 0 CHg
A e Ak
CH, CF4
o~ o~ 0 CHs
A B c

(2 pts). On page 1, write the letter (A, B or C) corresponding to the molecule that is most

8.
reactive (reacts fastest) with a nucleophile.

NO,
CH3 \)‘J\ \)‘J\
\)J\o/ 0 0
A B c
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Write your answers to these questions on the answer sheet on page 1

9. (4 pts). For the following peptide, the relevant pK, values are provided. Based on the protonation
states of the different functional groups, is the pH of the solution 2.0, 5.0, 8.0 or 11.0?

pK, = 6.0

)

pK, =100

u o) o
®
HaN

I=

ﬁ_.

%;

NH,
®<: pK, =4.1

10. (6 pts). On page 1, for the following tetrasaccharide, write the type of glycosidic bond
indicated by the arrows. Answers should be in the form a-1,4 or -1,2, etc.

HOH,C

0 10.1
/ 102

@]
HO OH
03

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

11. (2 pts each). On Page 1, for the following sets of reagents write the correct letter A or B to identify
which is the nucleophile and which is the electrophile.

11.2

O
/\)J\m
A B
0]
/\)J\H
A

OCH,
®
B
A
F
14 /@i HN—CH; <~——=
ON NO, B
A

O O
N
| o
B

A
O O
116 )k )k
A © B
0]

11.7
) MgB

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

12. (6 pts). Consider the following five carbohydrates A-E, drawn as Fischer projections.

O M cHol NG
H——OH CH,0H —0 N" u—l-om
HO——H — O HO——H HO——H HO——H
HO——H HO——H H——oO0H HO——H H——OH
HO——H H——OH H——OH HO——H H—|—OH
CH,OH CH,OH CH,OH CH,OH CH,OH

A B C D E

12.1 On page 1, write the letter (A-E) corresponding to which of the five carbohydrates is
a D-ketopentose

12.2 On page 1, write the letter (A-E) corresponding to which of the five carbohydrates is
an L-aldohexose?

12.3 How many of the five carbohydrates are D?

13. (6 pts) According to the Golden Rules of Chemistry numbers 5-7, delocalization of three
different things “over a larger area is stabilizing’”’. On page 1, write those three things that are
stabilized when delocalized over a larger area.

14. (4 pts) According to the Golden Rule of Chemistry number 8, “Reactions will occur if the
(14.1) are more stable than the reactants and the (14.2)
barrier is low enough.” On page 1, fill in the two words that complete the Golden Rule of
Chemistry number 8.

These are here to make you smile:

Dime Dice Graph Scope Docs Site Lell
Dime Dice Graph Scope Docs Site Lell
Bolism Physics Morphosis Pedics Gonal

f f _Pedics Gonal
Morphosis

Bolism Physics
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15. (2 pts) What is the most important question in chemistry?

Where are the electrons

(24)

6)

16. (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 minimum of 7 key

points here.

The popular medical diagnostic technique of magnetic resonance
imaging (MRI) is based on the , hnamely
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.

17. (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.

T T -
H H
H\cl; IL >C\®/N\ >C\ /N@
H/ \C/o o\H > | 4 (]‘I °e° H |[<—> H (i\l/ H
0 0 03
o@ o@
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18. (16 pts) Draw all of the important contributing structures for the following ions. You do NOT
need to draw arrows for this one. Draw all charges and lone pairs. Note: you will have to decide
how many contributing structures are important, and that number will vary. Also, you only need to
draw the H atoms shown below. You do not have to draw any of the others if you do not want to
draw them.

A) :Br: *Br: *Br: ®g;:
H . H H
Cl: Cl: ® Cl: Cl:
o0 —— L) T o0 o0
/ /
B) H H H
Cl: Cl: ® Cl:
o0 <—> L) <—> L)
/
. Br. +Br: +Br:
0) H H H H
I® | | |
“h “h “h ,/C\H
D S e R
+Br. +Br: Z?f! I?{I

19. (15 pts) Draw arrows on the following molecules then the product(s) you expect to be formed in
these reactions. Notice, in the second reaction you will actually be drawing an intermediate, not a
final product. There is not need for you to draw the final product, just the intermediate.

N . .
(o O g\
.o ‘:‘ e
9
0: ) ° o/
H o 2 2 Final product(s)
0:A Cbi) = =
pilg L] ./H . .
H : :0: :0:
*e ‘:‘ I
H )WJ\&)-/H . E:I)
L e H )
- “ - Not the final product(s) =




Signature

20. (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

Pg 10

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.).

N OX 02

1 Equivalent _

-

Take a
proton away

Add a proton

Make a bond

Take a

proton away

Products
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21. (35 pts) Complete the mechanism for the following lactone formation 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.).

H/oo 3 1 O/ ~

:o:/—\ H

|
r02

H
Add a proton
| S
R—O—H

Take a proton

|| away
Add a proton
; _
l® ; Break a bond
‘:‘
Racemic

.1

%

u Make a bond

®

Take a proton
away
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22.(3,4,5 or 6 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

Pg12

write racemic. If a new chiral center is created but the products DO NOT REPRESENT A
RACEMIC MIXTURE then you MUST USE WEDGES AND DASHES TO INDICATE

STEREOCHEMISTRY. Also, do not worry about balancing these equations, you just need to show us the

all of the major carbon-containing products of these transformations.

0]

NN

Py

1) N\ -Mebr

>

®
2)H;0  mild

1) LiAlH,

®

>

HCN

O O
Cl

Y omm
2)H;0 mild

heat

OH

racemic

(not racemic)

H
Z product

H

Q)
O
*
0 :
N
/' \
H H

racemic
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22.(3,4,5 or 6 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. If a new chiral center is created but the products DO NOT REPRESENT A
RACEMIC MIXTURE then you MUST USE WEDGES AND DASHES TO INDICATE
STEREOCHEMISTRY. Also, do not worry about balancing these equations, you just need to show us the
all of the major carbon-containing products of these transformations.

NN

N\ Msbr
>
®

\/\/OH

>

H,S0,4
(catalytic amount)

A~

0
Ao
o
0
/\)J\OH

OCH,

5y

o)
>
1) LiAlH,
2) H,0
NH,NH,
>
KOH

OH

\)\/\

(not racemic)

O

/\)LO/\/\

(0
®
NH,

OCH,

(not racemic)
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22.(3,4,5 or 6 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. If a new chiral center is created but the products DO NOT REPRESENT A
RACEMIC MIXTURE then you MUST USE WEDGES AND DASHES TO INDICATE
STEREOCHEMISTRY. Also, do not worry about balancing these equations, you just need to show us the
all of the major carbon-containing products of these transformations.

/\’ OEt 1) 0.5 eq. NaOEt
g =
(0) 2) H;0  mild
racemic

q OEt
(0] (0]
0]
(0]
l\)?!\
2 4
-
NaOH (catalytic) ‘
heat .
racemic
(0]
6
S

1) NaOH
(catalytic)

® i O
o) 2) H;0  mild

heat

1) 1.0 eq. NaOEt

2 F NH,
vy 7Y

o)
Ojjv\/ﬁ‘/ NH,
® 0
3)H;0  mild
N 1) 1.0 eq. LDA 0 0
I
= 0 %
2) Cl

racemic
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22.(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.

o

Br,
FeBr;

0]
Br\@)\/

NH,NH,
KOH

O~

KCN

CuC}N/

: e

(0]
H,SO
HNO;
H,S04
NOZ Brz
©/ FeBr; NO,
l H, /Ni Br
Br,
NH, FeBr;
[ j NO, Br
NO
HCI Br 2
NaN02 Br
Br
N2
(J P
KI
l .
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23. 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.

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

(4 pts)

A) Br Br

-~

NO,

FeBr;

Recognize that because of the ortho-para products, the Br (o,p directing) must be added first.

(10 pts) 0
B) ? o~
CH,O0H >
N N02
HZCI’O4
o A
HNO,
H,SO,
OH
o BN 0o
— A )k
SOCl, c CH0H X o~
— |

Recognize that because of the meta product, the nitro group must be added after the methyl
group is oxidized, therby converting it from a "good" group, (methyl), to a "bad" group,
(either a carboxylic acid or the ester). Recognize that once the carboxylic is made via
oxidation of the benzylic methyl group, standard acid chloride formation then reaction with
methanol gives the methyl ester. Note that you could skip the acid chloride step and carry
out a Fischer esterification directly from the acid if you would like.
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23. 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.

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

(16 pts)
O

OH

-~

O,N

HNO, OH
sto;/

NO, HNO;
H,SO,

Recognize that the product has the nitro group ortho
to one -OH group and para to the other, so the nitro OH
group must have been added as the last step to the
HNO,3 meta dihydroxy molecule. Recognize further that the
meta relationship of the -OH groups must have
H,80,4 happened at the nitro group stage, as only a nitro
group in the synthetic sequence would provide for a OH
NO, meta orientation. Therefore add the two nitro groups
first, then create the diazonium followed by reaction
with excess H,O.

excess H,O
NO, ®

NH,
excess HZ\&
Ni

> ®
HCI N,

NH, NaNO,
(excess)
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23. 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.

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

10 carbons

(25 pts) o NO,
D) 7 carbons
2 carbons New C-C bond
~._-OH > 0]
’/“New C-C bond

-~

H,CrO4 )‘\/\Q\
NO,
HNO;

\"/OH
H,SO,

(0]
(0]
Brz
hy CO, +
SOCl, i
(0 Th

WCI eat
o %
\/OH racemic
O OH

O\/ ®
strong H3;0

0] l 1) 0.5 eq. NaOEt

2) mild H3O® Br
O\/ .©
\”/\’ I/ - O\/ R
* (0]
(0) (0] 1.0 eq. Sn2 ~
NaOEt 0 0 racemic
(0] (0]

Recognize the nitro group is ortho and para to an alkyl group, meaning the nitro group was
added last. Recognize the product as a methyl ketone, the KRE of an acetoester synthesis.
Tracking the new C-C bond indicates that benzyl bromide is needed to alkylate the b-ketoester
anion. Recognize that benzyl bromide can be made in one step from the starting aromatic
molecule be reacting with Br, and hv. Finally, recognize that the acetoester can be made from a
Claisen reaction of ethyl acetate, which comes from ethanol via oxidation to acetic acid followed
by treatment with thionyl chloride and ethanol (as always, a Fischer esterification would be fine
as well).
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23. 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.

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

6 carbons
5 carbons New C-C
(16 pts) (0] bond
E) 0
0 ? 1 carbon
> + CO,
- O@ heat
3
heat
(0]
0 (0]
HOM OH
®
HCrO strong H;0
20Ty
(0]
\’(\/\)‘\ WOEt
1) 1.0 eq. NaOEt or LDA
excess SOCI, 2) mild H3O®
o excess
OH
~~ EtO
Cl | E— OEt
C (any alcohol

0 will do here)

Recognize the product cyclic ketone as having one fewer carbons than the starting lactone combined
with CO, as a product. Together, that suggests a decarboxylation, which implies a f3-keto acid. A 3-keto
acid can be easily derived from a (3-keto ester in a ring, the KRE of a Dieckmann condensation.
Recognize that the required diester can be derived from opening up the starting lactone then oxidation to
the diacid and the usual sequence of making an acid chloride followed by adding any alcohol. I used
ethanol, but it does not matter which one you choose because it does not end up in the product. That is
why you do not have to make the alcohol from the starting material by the way. Notice you could also
have carried out a Fischer esterification to make the diester.
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24. (12 pts total). Here is an apply what you know problem. The ingredient label for diet coke reads:

Carbonated water, caramel color, aspartame, phosphoric acid, potassium benzoate
(to protect taste), natural flavors, citric acid, caffeine.

Phosphoric acid is added to soft drinks to provide for a tangy taste as well as stabilize the carbonic acid
present (i.e. carbonation). An unintended consequence of having phosphoric acid in diet soda is that the
pH is relatively acidic. For example, the pH of diet coke is about 3. The unintended consequence of
this is that aspartame, the artificial sweetener in diet coke, is chemically modified when diet coke is
heated (left in the sun for example). The absence of sweetness indicates the can or bottle was left out in
the sun or other source of heat for too long. The following is the structure of aspartame that I copied
from a website:

0 OCHs
N

H
OH NH, O

The structure of the artificial sweetner copied from a website
(http://www.foodengineeringmag.com/articles/89664-another-look-at-
aspartame)

24.1 (4 pts) Based on the structure of aspartame shown above, in one or two sentences total, explain why
diet coke loses its sweetness when left out in the sun.

The low pH of diet coke combined with heating hydrolyzes the methyl ester (acid catalyzed ester
hydrolysis) and the free carboxylic acid does not taste sweet.

24.2 (4 pts) There is a problem with the above structure I copied from a website. In one or two
sentences total, explain what is wrong with the structure.

The protonation state drawn is not possible. The carboxylic acid cannot be protonated if the amine
group is not protonated due to the respective pK,’s of these two groups (pKa of a carboxylic acid is in
the 3-5 range, and the pK, of a ammonium group is in the 9-10 range).
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24.3 (2 pts) Aspartame is a chiral molecule, present as the single enantiomer shown. How many chiral
centers are in aspartame?

2

24.4 (2 pts) How many different stereoisomers are possible for aspartame?
4

25 (8 pts) The following intramolecular Michael reaction is used to prepare important classes of
molecules. From the following list, circle the product of the reaction shown:

1) Base
—_—

2) mild acid

racemic

racemic
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22. This one is extra credit. 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.

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

7 carbons
(10 pts) 3 carbons 1 carbon
New C-C New C-C
(0] j)l\ 9 bond \} bond
)k H H
1.0 eq. LDA New C-C
bond

1.0 eq. LDA
Q)

0 i
e J v
S) o © 2) mild H3O®
1) )I\ heat
H H

2) mild H3O®

Recognize the product as the KRE of a Robinson between the o, 3-unsaturated ketone shown and the
enolate of the starting acetone. Recognize the required o,p—unsaturated ketone as being derived from
an aldol between the acetone and formaldehyde starting materials followed by dehydration. Notice that
I illustrated using LDA for the aldol, but a simple crossed aldol using catalytic NaOH would have
worked just fine.



