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NAME _______________________ 
 
 

ID #     _______________________ 
 
 
 
 
 
 
 

ORGANIC CHEMISTRY I  (2301) 
 

9:30 – 10:45 am, August 8, 2013 
 

Final Exam 
 
 
 
 
There will be two ways that you can pick up your graded Final Exam: 

 You can pick up your graded exam from Andy at office hours that he will hold on 
Monday, August 6th (9:30-10:30 am) at Coffman Union Starbucks. 

 Alternately, you will be able to pick up your graded exam from Chemistry 
department staff in 115 Smith beginning Monday, August 6th at noon. Exams that 
are not picked up within two weeks will be disposed of. 

 
 
 
A periodic table, a chart of reaction conditions, and a table of typical NMR chemical 
shifts are attached to the back of this exam as aids. Otherwise, you are not permitted to 
use any other materials (including notes, books, or electronic devices of any kind). 
 
Right now, write your name and student ID number at the top of this page. When the 
exam begins, please write your name at the top of the next page. 
 
You may use pen or pencil. However, re-grades will be considered only for exams 
completed in pen. 
 
Please write your answers in the boxes/spaces provided. If your answer is not in the 
appropriate space (say, for example, it’s on the back of the page), draw us an arrow 
and/or note telling us where to look. 
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NAME _______________________ 
 
 

 Scoring: 1. _________ / 14  6. _________ /   9 
 
  2. _________ / 14  7. _________ / 15 
 
  3. _________ / 39  8. _________ / 18 
 
  4. _________ / 20  9. _________ / 12 
 
  5. _________ /   9  
 
 
 
 Total Score:  _________ / 150 
 
 
 

1. (14 pts) For each of the pairs of acids (or bases) below,  
 Draw the conjugate base (or acid). 
 Circle whether you think the first acid (or base) is more or less acidic (or basic) than the 

second. 
 
 
  Acid Conjugate Base Base Conjugate Acid 
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2. (14 pts) For the molecule drawn at right, in the boxes 
provided:  

 Draw all significant resonance structures. In each 
structure, draw all atoms, bonds, lone pairs of electrons, 
and formal charges.  

 Draw a Lewis wedge/dashed-bond structure that illustrates the most stable three-
dimensional conformation of the molecule. Draw all atoms, bonds, and charges, but omit 
lone pairs.  

 In the boxes provided, write the hybridization state on any atom heavier than hydrogen. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

3. (39 pts) The molecule below has two chiral centers (marked with asterisks) and three 
stereoisomers; one stereoisomer is achiral (meso), and two are chiral. Each stereoisomer 
reacts with NaOCH3 via E2 elimination to yield, selectively, a single alkene product. 
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(a) I have drawn the molecule on the previous page entirely in the plane of the page, without 
any stereochemical information. Using wedge and dashed-bond lines, draw the achiral 
stereoisomer and one of the two chiral stereoisomers as three-dimensional structures. 
Then, label each stereocenter in your structures “(R)” or “(S)”. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(b) What is the stereochemical relationship between the two molecules you drew above? Are 

they 
 
 
  enantiomers  or  diastereomers or neither ? 
 
 
 (Circle one answer.) 
 
(c) E2 elimination requires a very specific geometric relationship  between the leaving group 

and the proton being taken by the incoming base. In the boxes below, draw a Newman 
projection for each of the stereoisomers you drew above that puts the proton and leaving 
group in the right orientation to undergo E2. Then, “push arrows” on each diagram to 
illustrate the mechanism of the E2 elimination. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

chiral stereoisomer achiral (meso) stereoisomer 

E2-reactive conformer for 
chiral stereoisomer 

E2-reactive conformer for 
achiral (meso) stereoisomer 
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(d) Which alkene product will be generated via E2 from each of the two stereoisomers 
you drew? 

 
  achiral (meso) stereoisomer chiral stereoisomer 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

(e) On the potential energy diagram below, draw curves that represent the E2 elimination of 
each starting material to products A and B. The starting material energies have already 
been drawn for you (we will assume they are equal in energy)—you need to connect 
these starting points to transition state and product energies. Your curves should answer 
the following questions: 
 Is product B higher, lower, or equal in energy relative to product A? Label your 

diagram so that it is clear which product energy level corresponds to which product. 
 How many steps, and how many transition states, does each E2 pathway have? 
 Is the overall activation energy for making product B larger, smaller, or equal to the 

activation energy for making product A? 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

A different alkene (“product B”) An alkene (“product A”) 

NaOCH3 NaOCH3 

E 

reaction coordinate 

starting materials products 

achiral (meso) 
conformer 

chiral 
conformer 
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4. (20 pts) Each of the reactions below is drawn with two possible products. If one of the two 
products predominates, circle that preferred product. If the two products are produced equally, 
circle “BOTH”. If neither product would result from the reaction, circle “NEITHER”. Circle 
one answer only. 
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5. (9 pts) Draw a mechanism (using “electron pushing”) for the reaction shown below. Draw 

each mechanistic step explicitly; don’t cheat by combining multiple processes in a single step. 
Use only the molecules shown in the problem; don’t invoke generic species. (E.g., don’t use 
“H-A” as a generic acid.) 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 


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6. (9 pts) Of the C-H bonds highlighted below, which: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
7. (15 pts) For the starting materials and product shown below, propose a multistep synthesis. 

In addition to the molecules shown, you can use any reagents and reactions we’ve learned 
about in class. You might discover multiple answers to this problem; draw only your best 
(one) synthetic route. Feel free to draw an incomplete route—we will give you partial credit 
where we can. 
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8. (18 pts) For each of the reactions on the following pages, fill in the empty box corresponding 
to the major product. Wherever appropriate, illustrate stereochemistry in your drawings 
(using wedge and dashed bonds). If multiple enantiomers or diastereomers are produced, 
indicate this in the answer box (e.g., by writing “+ enantiomer”, etc.) 

 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Special instructions for this part: 

  Draw the preferred product as 
two equilibrating chair 
conformers (one per box). 
Feel free to omit H atoms 
from your structure. 

  Indicate that one conformer is 
more stable than the other, or 
that they are equally stable, by 
circling the appropriate 
equilibrium arrow. 

HO

OH
Swern 

oxidation

mCPBA

a chair conformer 

another chair conformer 

or or 
(circle 
one)
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9. (12 pts) The 1H NMR spectrum below corresponds to one of the following dichlorinated 

alkanes: 
 
 

ClCl Cl

Cl Cl

Cl  
 
 
 

4.0 3.0 2.0

1H

ppm

2H 2Hintegrated intensity 3H

 
 
 

(a) Circle the molecule that would give this spectrum. 

(b) The carbons of each candidate molecule structure are labeled “a” through “d”. Each 
multiplet in the NMR spectrum corresponds to H atoms attached to a single carbon atom. 
In the box above each multiplet, write the letter of the carbon that each peak’s H atoms 
are attached to. 
 

a 

b 
c 

d 

a 
b c 

d 
a 

b c 
d 





Final Exam Chart of Reaction Conditions 
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h 

H2SO4 
H2O

1. BH3•THF 
2. H2O2, OH-

Cl

O

O
O

H

(mCPBA)

mCPBA 
H2O 

KMnO4 
(cold, dilute) 

H2O, OH-
 

1. O3 
2. (CH3)2S 

Pt/H2(g) 

NaNH2 

Na 
NH3 

HgSO4 
H2SO4 1. KMnO4 

 KOH, 
2. H3O

+ 

Pd, BaSO4 
H2(g) 

 
 
 

(quinoline) 

N

(NBS)

h or AIBN 

 

N

O

O

Br

Na2Cr2O7 
H2SO4 1. (COCl)2 

 DMSO 
 -60 °C 
2. Et3N 

(Swern 
oxidation) 

TsCl 
pyridine

SOCl2 
pyridine

PBr3 

1. O3 
2. H2O 

KMnO4 
H2O, pH 7 

O

O
O

O

HBr 
 
 
 
 
 

(benzoyl peroxide) 



P
er

io
di

c 
Ta

bl
e 

of
 th

e 
E

le
m

en
ts

 
C

he
m

is
tr

y 
R

ef
er

en
ce

 S
he

et
 

C
al

ifo
rn

ia
 S

ta
nd

ar
ds

 T
es

t

S
od

iu
m

22
.9

9

N
a

11
 

A
to

m
ic

 n
um

be
r

E
le

m
en

t s
ym

bo
l

A
ve

ra
ge

 a
to

m
ic

 m
as

s*
 

E
le

m
en

t n
am

e 

H
yd

ro
ge

n
1.

01H1

Li
th

iu
m

6.
94L
i3

S
od

iu
m

22
.9

9

N
a

11

P
ot

as
si

um
39

.1
0

19 K
 

N
ic

ke
l

58
.6

9

N
i

28
 

R
ub

id
iu

m
85

.4
7

R
b

37
 

R
ut

he
rfo

rd
iu

m

(2
61

)

R
f

10
4 

M
ol

yb
de

nu
m

95
.9

4

M
o

42
 

G
er

m
an

iu
m

72
.6

1

G
e

32
 

1 1A

 2 2A
 

1 2 3 4

 7 7B
 

11 1B
 

12 2B
 

13 3A
 

16 6A
K

ey
 8 

5 6 7

 9 8B
 

10
 

14 4A
 

15 5A
 

17 7A
 

18 8A

 3 3B
 4 4B

 5 5B
 

6 6B
 

C
op

pe
r

63
.5

5

C
u

29
 

C
ob

al
t

58
.9

3

C
o

27
 

H
el

iu
m

4.
00

H
e2 

B
or

on
10

.8
1

B5 

C
ar

bo
n

12
.0

1

C6 

N
itr

og
en

14
.0

1

N7 

O
xy

ge
n

16
.0

0

O8 

F
lu

or
in

e
19

.0
0

F9 

N
eo

n
20

.1
8

N
e

10
 

A
lu

m
in

um
26

.9
8

A
l

13
 

S
ili

co
n

28
.0

9

S
i

14
 

P
ho

sp
ho

ru
s

30
.9

7

P15
 

S
ul

fu
r

32
.0

7

S16
 

C
hl

or
in

e
35

.4
5

C
l

17
 

A
rg

on
39

.9
5

A
r

18
 

C
al

ci
um

40
.0

8

C
a

20
 

S
ca

nd
iu

m
44

.9
6

S
c

21
 

T
ita

ni
um

47
.8

7

T
i

22
 

C
hr

om
iu

m
52

.0
0

C
r

24
 

Ir
on

55
.8

5

F
e

26
 

Z
in

c
65

.3
9

Z
n30
 

G
al

liu
m

69
.7

2

G
a

31
 

A
rs

en
ic

74
.9

2

A
s

33
 

S
el

en
iu

m
78

.9
6

S
e

34
 

B
ro

m
in

e
79

.9
0

B
r

35
 

K
ry

pt
on

83
.8

0

K
r

36
 

S
tr

on
tiu

m
87

.6
2

S
r

38
 

Y
ttr

iu
m

88
.9

1

Y39
 

Z
irc

on
iu

m
91

.2
2

Z
r

40
 

N
io

bi
um

92
.9

1

N
b

41
 

Te
ch

ne
tiu

m
(9

8)T
c

43
 

R
ut

he
ni

um
10

1.
07

R
u

44
 

R
ho

di
um

10
2.

91

R
h

45
 

P
al

la
di

um
10

6.
42

46
 

S
ilv

er
10

7.
87

A
g

47
 

C
ad

m
iu

m
11

2.
41

C
d

48
 

In
di

um
11

4.
82

In49
 

T
in

11
8.

71

S
n

50
 

A
nt

im
on

y
12

1.
76

S
b

51
 

Te
llu

riu
m

12
7.

60

Te52
 

Io
di

ne
12

6.
90I53
 

X
en

on
13

1.
29

X
e

54
 

C
es

iu
m

13
2.

91

C
s

55
 

B
ar

iu
m

13
7.

33

B
a

56
 

La
nt

ha
nu

m
13

8.
91

L
a

57
 

H
af

ni
um

17
8.

49

H
f

72
 

Ta
nt

al
um

18
0.

95

Ta73
 

Tu
ng

st
en

18
3.

84

W74
 

R
he

ni
um

18
6.

21

R
e

75
 

O
sm

iu
m

19
0.

23

O
s

76
 

Ir
id

iu
m

19
2.

22Ir77
 

P
la

tin
um

19
5.

08

P
t

78
 

G
ol

d
19

6.
97

A
u

79
 

M
er

cu
ry

20
0.

59

H
g

80
 

T
ha

lli
um

20
4.

38

T
l

81
 

Le
ad

20
7.

2

P
b

82
 

B
is

m
ut

h
20

8.
98

B
i

83
 

P
ol

on
iu

m
(2

09
)

P
o84
 

A
st

at
in

e
(2

10
)

A
t

85
 

P
d

 

R
ad

on
(2

22
)

R
n

86
 

Fr
an

ci
um

(2
23

)

F
r

87
 

R
ad

iu
m

(2
26

)

R
a

88
 

A
ct

in
iu

m
(2

27
)

A
c

89
 

D
ub

ni
um

(2
62

)

D
b

10
5 

S
ea

bo
rg

iu
m

(2
66

)

S
g

10
6 

B
oh

riu
m

(2
64

)

B
h

10
7 

H
as

si
um

(2
69

)

H
s

10
8 

M
ei

tn
er

iu
m

(2
68

)

M
t

10
9 

M
ag

ne
si

um
24

.3
1

M
g

12

B
er

yl
liu

m
9.

01B
e4 

V
an

ad
iu

m
50

.9
4

V23
 

M
an

ga
ne

se
54

.9
4

M
n

25

 *
 If

 th
is

 n
um

be
r 

is
 in

 p
ar

en
th

es
es

, t
he

n
   

  i
t r

ef
er

s 
to

 th
e 

at
om

ic
 m

as
s 

of
 th

e
   

  m
os

t s
ta

bl
e 

is
ot

op
e.

 

P
ra

se
od

ym
iu

m

14
0.

91

P
r

59
 

M
en

de
le

vi
um

(2
58

)

M
d

10
1 

C
er

iu
m

14
0.

12

C
e

58
 

N
eo

dy
m

iu
m

14
4.

24

N
d

60
 

P
ro

m
et

hi
um

(1
45

)

P
m61

 

S
am

ar
iu

m
15

0.
36

S
m62

 

E
ur

op
iu

m
15

1.
96

E
u

63
 

G
ad

ol
in

iu
m

15
7.

25

G
d

64
 

Te
rb

iu
m

15
8.

93

T
b65
 

D
ys

pr
os

iu
m

16
2.

50

D
y

66
 

H
ol

m
iu

m
16

4.
93

H
o

67
 

E
rb

iu
m

16
7.

26

E
r

68
 

T
hu

liu
m

16
8.

93

T
m69

 

Y
tte

rb
iu

m
17

3.
04

Y
b

70
 

Lu
te

tiu
m

17
4.

97

L
u71
 

T
ho

riu
m

23
2.

04

T
h90
 

P
ro

ta
ct

in
iu

m
23

1.
04

P
a

91
 

U
ra

ni
um

23
8.

03

U92
 

N
ep

tu
ni

um
(2

37
)

N
p

93
 

P
lu

to
ni

um
(2

44
)

P
u

94
 

A
m

er
ic

iu
m

(2
43

)

A
m95

 

C
ur

iu
m

(2
47

)

C
m96

 

B
er

ke
liu

m
(2

47
)

B
k

97
 

C
al

ifo
rn

iu
m

(2
51

)

C
f

98
 

E
in

st
ei

ni
um

(2
52

)

E
s

99
 

F
er

m
iu

m
(2

57
)

F
m

10
0 

N
ob

el
iu

m
(2

59
)

N
o

10
2 

La
w

re
nc

iu
m

(2
62

)

L
r

10
3 

C
o

p
yr

ig
h

t 
©

 2
00

8 
C

al
ifo

rn
ia

 D
ep

ar
tm

en
t 

o
f 

E
d

u
ca

ti
o

n
 




