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ORGANIC CHEMISTRY | (2301)
9:30 — 10:20 am, August 7, 2013

Exam 4

There will be two ways that you can pick up your graded Exam 4:
e You can pick up your graded exam from Andy at office hours that he will hold on
Monday, August 12" (10:30-11:30 am) at Coffman Union Starbucks.
e Alternately, you will be able to pick up your graded exam from Chemistry
department staff in 115 Smith beginning Monday, August 12" at 1 PM. 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.



NAME

Scoring: 1. /12 3. /37
2. /15 4, /36
Total Score: /100

1. (12 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.

Br, Br
> Br

BOTH NEITHER

(equally)

Br
N—Br E><CH3
Br

BOTH NEITHER
(equally)
Br
HBr
benzoyl peroxide )\ NE
X >
BOTH NEITHER
(equally)



2. (15 pts) The free-radical chain mechanism of radical bromination has two propagation steps,
which we have in lecture numbered @ and @ :

@ abstraction of an H from R-H by Bre;
@ reaction of Re with Br; to form R-Br.

and

a) Radical bromination of ethylenecyclopentane goes predominantly through a single
radical intermediate Re. What is the structure of the radical intermediate?

+ Bre —>

a radical intermediate

b) This radical intermediate then reacts with
Br; to give two different monobrominated
products. What are the structures of these

+ Bry

products?

product A

(+ Bre)

®
!

+ HBr

product B

(a structural isomer—
NOT a sterecisomer—
of product A)




3. (31 pts) In the early 2000’s, the National Institute for Occupational Safety and Health
(NIOSH) began documenting lung disease in employees of companies that packaged
microwave popcorn. NIOSH investigators narrowed the possible causative agent down to
three substances: diacetyl, acetoin, and 2,3-butanediol, all of which are used in artificial
butter flavoring and were inhaled in large amounts at that time by the employees. In this
problem, you will identify one of the three compounds isolated from a popcorn packaging
plant—in this case, not the inhaled toxin—based on its *H and **C NMR spectra.

a. How many resonances o) o) H OH
would you expect to see
. CH CH
in the "H NMR of each H3C)S( ° H3CJ><CH3 ch& s
of these additives? In
o] H OH H OH

other words, how many
inequivalent  sets  of diacetyl acetoin 2,3-butanediol
protons are there in
each structure? Write
your answers in the
boxes on the right.

# "H NMR resonances expected

b. Each proton highlighted in the structures below
could be split by neighboring protons. What kind
of multiplet should each proton produce in a *H

abbreviations for multiplets

. s:  singlet : uartet
NMR spectrum? (Assume that there is no long- . d q . au
X . d: doublet gn: quintet
range coupling in these molecules.) Use the ¢ triplet . ot
abbreviations on the chart on the right. - pe sx. sexte
O H H O H H H OHH H
HaC X H HsC “H H@WH
o) H) OH H OH

(Problem 6 continued on next page)



C.

'H and C spectra for the isolated
molecule are shown on the next page. Is the

Format for answer to (c):

molecule diacetyl, acetoin, or 2,3- 0=2.2ppm

butanediol? On the unfinished skeleton in
the box below, indicate your choice by
drawing in the functional groups on the two
center carbons, as well as all hydrogens.
Then,

J=7.0Hz

\ / N\

7
Circle each group of equivalent H’s; H H H H

Assign a *H chemical shift (8) to each 5= 3.8 ppm
circled group, within 0.1 ppm;

Connect any pair of coupled,

inequivalent groups of H’s with a double-headed arrow, and then label that arrow
with the corresponding coupling constant (J).

Your answer to (c):

d. There are four peaks in the *C NMR spectrum of our unknown molecule, labeled A, B,
C, and D. Which carbons in your molecule do these peaks correspond to? As you did
above in part (c), add functional groups to the two center carbons in the skeleton below to
indicate whether you think the molecule is diacetyl, acetoin or 2,3-butanediol. Then,
write a letter in each box to assign the *C NMR to the corresponding carbon atoms in the
structure.




integrals

Hz
w/ relative L ( |<—

peak intensities

L e e S ,'r L
44 43 42 3.7 _J 1.4 1.3
; 1
CHCl, /———f ™S
Jrrrrrrrrrprrrrrrrrrprrrrrrrrrprrrrrrrrrprrrrrrrrrprrrrrrrrrprrrrrrrrryprrrrrrrrryg
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& (ppm)

'H NMR, 300 MHz

T T T T T T T T T T T
200 160 120 80 40 0

d (ppm)
B3C NMR, 75 MHz



4. (36 pts) The spectra on pages 8-9 correspond to a pure solvent molecule, collected from the
waste stream of a chemical plant. High-resolution mass spectrometry determined an exact
mass of 101.0841 amu for the highest-mass (parent, M*) peak in the MS spectrum, which
corresponds to a molecular formula of CsH;1NO.

To help you solve this problem, tables of typical IR frequencies and NMR chemical shifts are
provided on pages 17-21 of the exam. Use these tables.

a. Based on the features above 2000 cm™ in the IR spectrum, what functional groups would
you expect the unknown molecule to have? Circle all answers that apply.

H H

H
_ / / /
—C —H ——=C(sp?) —C(sp%) —o0
(sp)
—C—C— —C=—N

b. The IR peak at 1656 cm™, according to the IR frequency table, could correspond to a
carbonyl or an alkene group. Which group is consistent with the other spectra in this
problem?

c. What is the structure of
the molecule? In the box
at right, draw your
molecule’s structure,
including all hydrogens.
Then, considering the *H
NMR spectrum, circle
each set of equivalent
H’s, and label each circle
with its unique *H NMR
chemical shift. (You do
not need to label
coupling constants J.)

your molecule
(CsH11NO)




d. The mass spectrum shows two high-mass fragment peaks at m/z = 72 and m/z = 57. In
each of the two boxes below, draw a mechanism (via “electron pushing”) that shows how
the radical cation of the parent molecule you drew in part (c) could yield these fragments.

fragment to yield mas 72: fragment to yield mass 57:

e. Inthe mass spectrum, adjacent to the m/z = 44 and 101 peaks, there are smaller peaks that
are one mass unit higher (at m/z = 45 and 102). In class, we said that [M+1]" peaks could
correspond to ions that had one *3C atom in place of a **C. Looking at the mass spectrum,
is this a plausible explanation for the m/z = 45 and 102 peaks? (Circle one each line.)

The peak at be due to m/z = 44 ions
m/z = 45 could or  could not bearing one **C.
The peak at be due to m/z = 101 ions
m/z = 102 could  or  could not bearing one *C.
IR Spectrum:
100
< T TN
S
©
[&]
S
£ 50
=
(72}
c
o
|_
0 1656
4000 3000 2000 1500 1000

v (wavenumbers, cm™)
8




'H Spectrum (200 MHz):

6
[ integrals
I| w/ relative
/ peak intensities
|
_Jll
3
2 IJ"
= [
rJI /I
™S
[ I“I l l
I I I T I T T T T I I T T I I T I
4 3 2 1 0
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13C Spectrum (50 MHz):

I I I | I I
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Mass Spectrum:
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NaNH,

Pd, BaSO,
H.(9)

)
=
N

(quinoline)

Na,Cr,0O5
H,SO,

PBrg

Final Exam Chart of Reaction Conditions

1.BHgTHF H,SO, || MCPBA | | Cl,or B,
2. H2021 OH- H?O HZO hV
1.05 O o)
Cl O.
2.(CH5),S T ar
(mCPBA)
Na o (NBS)
NH;
KMnO, 1.04 hv or AIBN
HgSO, (cglcé3 dngl_':fe) 2.H,0O
H2S0, - 1.KMnO,
KMnO, KOH, A
1.(COClI), SOCl, H>O, pH 7 2.H30
DMSO pyridine
00°C HBr
2'(5[3N TsCl o)
wern B H
oxidation) pyridine ©)L 5O
O

(benzoyl peroxide)



"H NMR Absorptions

Compound type
Alcohol
R—0O—-H
)
R—C—0—
[
Aldehyde
(o]
il
H’C‘H
Alkane
RCH;
R.CH.
RsCH
Alkene
H
A
C=
VA
\l
C—H
N/
P
\
Alkyl halide
H
R—?—F
i
Fl—(i:—CI
i
H—tl:—Br
i
R—C-1
[
Alkyne
—C=C-H

Chemical shift (ppm)

1-5

3.4-4.0

9-10

0.9-2.0
~0.9
~1.3
~1.7

4.5-6.0

1.5-2.5

4.0-45

3.0-4.0

2.7-4.0

2.2-4.0

Compound type
Amide
(o]
g
R” "N-H
|
Amine
R—N—H
|
T
R_ J—
|

CITI—

Aromatic compound

O won
| :
[|)—H benzylic sp® C-H

Carbonyl compound

I
C. _H
-~ Jlrc\ sp° C—H on the « carbon

Carboxylic acid
o]
1]
R”C‘OH
Ether H
H—%—O—R

3C NMR Absorptions

Sk |
Alkyl, sp® hybridized C —(|3—H
gty |
Alkyl, sp® hybridized C bonded —C-2
toN, O, or X |
Z=N,0,X
Alkynyl, sp hybridized C —C=C—
N/
Alkenyl, sp? hybridized C c=C
/N
Aryl, sp? hybridized C /e
\
Carbonyl G c=0

7.5-8.5

0.5-5.0

2.3-3.0

6.5-8

1.6-2.5

2.0-25

10-12

3.4-4.0

Chemical shift (ppm)

30-80

65-100

100-140

120-150

160-210



IR Absorption Frequencies

Bond
O-H

Functional group

ROH
RCOOH

RNH;
RoNH
RCONH,, RCONHR

Csp—H
Cep—H
Cspe—H
Cypz—H of RCHO

RCOCI
(RCO),0
RCOOR

RCHO
R.CO

R,CO, conjugated
RCOOH

RCONH,, RCONHR,
RCONR;

Alkene
Arene

Wavenumber (cm™)

3600-3200
3500-2500

3500-3300
3500-3300
3400-3200

3300

3150-3000
3000-2850
2830-2700

2250

2250

1800
1800, 1760
1745-1735

1730
1715

1680
1710
1680-1630

1650
1600, 1500
1650

Comment

broad, strong

very broad, strong

two peaks
one peak

one or two peaks; N-H
bending also observed at
1640 cm™

sharp, often strong
medium
strong

one or two peaks
medium
medium

strong

two peaks

increasing ¥ with decreasing
ring size

increasing ¥ with decreasing
ring size

increasing V with decreasing
ring size

medium
medium

medium
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