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Date: November 14, 2018 Duration: 80 minutes
Professor: Claudia El Nachef

CHM 2120B - MIDTERM #2

First name: Last name:

Student #:

- Total number of points : 50

- Molecular models and calculators are allowed.

- You can write with pen or pencil but regrading won’t be possible if written in pencil.

- You should submit all scratch papers with the exam copy.

- Asimplified pKa table as well as an IR and a 'H NMR table are provided on the last page.
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Cellular phones, unauthorized electronic devices or course notes (unless an open-book exam) are not
allowed during this exam. Phones and devices must be turned off and put away in your bag. Do not
keep them in your possession, such as in your pockets. If caught with such a device or document, the
following may occur: you will be asked to leave immediately the exam and academic fraud allegations
will be filed which may result in you obtaining a 0 (zero) for the exam.

By signing below, you acknowledge that you have ensured that you are complying with the above
statement.

GOOD LUCK!
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1. What is the number of signals that should be observed in the '"H NMR spectra of each of
these molecules? (2 points)

2. Indicate the multiplicity that will be observed in a 'H NMR spectra for each of the indicated
proton in the following molecule? (2 points)
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3. Assign the correct molecule to the infrared spectra provided below. Explain your choice.
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4. The '"HNMR spectra of an unknown with a molecular formula of C11H1205 is shown below
with the expansion of the different regions. The IR spectra has shown significant stretch
broad band around 3100 cm™ and two strong sharp bands at 1711 cm™ and 1620 cm™. The
questions that follow will guide you in the determination of its structure. (18 points in
total)
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a- Determine the degree of unsaturation. Show your calculation. (2 points)
| -1240.0
po. dCta-venck  ADA2-12409-0 . (@
2 2
Q)

b- What type of functional groups do the significant bands in the IR spectra represent? (3

points) 0
Rcood and around 3100 cm-' ¢ stretchin band °-< O-H
S\'rona sharp band aF 13 em-' 5\'c¢,\'c‘r\in8 \wnd of Cc=0 ®
~  Shecyp bond oF 1620 ca-! . c=C S\’fv-\'c‘-"\\‘f\s bend (D

¢c- Fill in the table with all '"H NMR characteristics for each signal and write down pertinent
comments/ideas. (9 points)
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d- Identify the possible fragments then draw the final structure of the unknown in this box
below. (4 points)
PS : all fragments should add up to give the same number of atoms in the molecular
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S. Circle the correct answer : (4 points)

a- Which molecule reacts faster in an E2 reaction with hydroxide?

b- Which molecule reacts faster in an Sn2 reaction?

Br

@ /\)\

¢- Which molecule reacts faster in an E1 reaction?
d- Which molecule reacts faster in an Sy1 reaction?

T

6. For this reaction below: (6 points)

H,SO,
A

OH

&

a- Determine the type of reaction that took place. (1 point)

El (SN\ is also o.cccc\'e\.\¢.>

b- Show the mechanism of formation of the product. (5 points)
H.0-S-OH
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@
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7. Complete each of these following reactions (i.e. fill in the boxes with the missing
reagent(s) or product(s)). (15 points)
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pK, value

pK, value

deid (H,0 solvent) Acid (H>0 solvent)
Hl -10 9 @ 9
=Br -9 M
HCI -8 : Ok
; 9.9
Ph %Hs 10.6
%‘{Cﬂ -3.8 H,0 15.7
/O\ 2
HpS0, 3 >LOE»€ 17
00
s - 26 \j\( 20
CHz0H,* 22 H
H4O A7 H—==—x 24
NO, 13 Ha 36
F 317 Nt .
A 50
N 51
3. BuSH 10-11
1 _PhSH =7

IR important absorption bands (cm): stretching

C-H Alkyl C-H
Alkene C-H
C=C
Alcohol RO-H
Carboxylic acid RC(=0)0-H
Amine R2N-H
*Carbonyl R2C=0
Nitrile RC=N
Alkyne C=C-H
=C
Ether C-0-C
Phenyl C=C
C-H
Nitro NO,

2850-2960
=3000
1650
3200-3650

2500-3300
3300-3500
1650-1780
2220-2260
~3300
2100-2260
~1200
1450-1600
3030
1350-1560

m, sharp

m, sharp

w, sharp

s, broad (hvdrogen
bonded)

s, broad

m, a little broad
s. sharp

w, sharp

w, sharp

w, sharp

s, sharp

m

wtom

$
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Table of approximate chemical shifts of most protons.

R~CH, 0.7-1.3
R—CH,-R 12-14
R.CH 1.4-1.7
el & 1.6~ 2.6
R—-C=C -*(I:'—-H h
'
R—C—CI'—H. H-C-C—-H 2.1-24
§ .
RO—-C—C—H, HO-C—C"—H 2.1 -25
1
N=(C “(;.—-H 2.1-30
|
@*(g?—ﬂ 2.3-27
R—-C=C-H 1.7-27
R—S~H var 1.0 - 4.0"
R—;‘?I—H var 0.5 -4.0°
R—-O-H var 0.5 50
O-H var 4.0~7.0"
@']EV—H var 3.0-50"
O
1]
var 50-9.0"

!
R—[?I-CI‘—H 22-29
|
R—S-?-—H 2.0-3.0
|
[—(IJ—H 20-4.0
i
Br—Ll“—H 2.7 -4.1
|
Cl-—CI“—H 31 -4
0
1l |
—%-O- - ca. 3.0
O
| |
RO—?—H. H()-'g—ﬂ 32-38
N
R—(f—()—(|f—H 35-48
|
();,N—-?—H 4.1-43
|
F—CI—H 42-43
[
R—-C=C—-H 45-65
QH 6.5-8.0
W
R-C~H 9.0-10.0
W
R-C-OH 11.0 - 124
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