CHM 2120
SAMPLE MIDTERM 2

First Name: Last Name:

Student Number:

Approximate total number of marks:
(subject to minor changes)

Notes:
- Molecular models are permitted
- Rulers and non-programmable calculators are permitted
- There is an IR absorbance table and a '"H NMR table on the last page.
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1. Name or draw the structure of the following molecules, as appropriate. (4 points)
a.
Cl

/\/\)ﬁ(o\

@)

b. 2,4,6-trinitrotoluene (TNT)

a. Bxplain why the following reaction will not work as shown. (3 points)
b. Give the true product of the reaction. (1 point)

©
Br NH, NH,

PN LN G

3. Which of the following aromatics would react most rapidly and which would react
most slowly with Br,/FeBr,? Justify your answer and predict the structure of the

major product for the fastest reacting substrate.
CO2H

©/OM9 /©/OCH3 CO-H /©/O\ ©\
HaC ; cl NO,
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4. Draw the structure represented by the following IR and '"H NMR spectra, with a
molecular formula C,H,,0,.
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a.  What is the major product of the following reaction? (1 point)
b. How would you distintinguish between this product and the starting material
by '"H NMR? (2 points)

NBS
O o
ROOR

6. Circle one bond in Lipitor, a cholesterol-lowering drug in the “statin” class, that
could be made by an S, 2 reaction. The drug works by inhibiting cholesterol
production in the liver.

OH OH O
OH

F

7. The pK, of the indicated proton on the sp’-hybridized carbon in cyclopentadiene is
15, while the pK, of the proton on the sp’-hybridized carbon in 1,4-pentadiene is 40.
Explain why is one proton so much more acidic than the other. (5 points)

H H
@ W
pKa=15 pK, = 40
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8. Give the full detailed mechanism for the formation of the major product. (6 pts)

Br
O’ NaOC(CHg);
HO""

9. Circle the compound in each of the following pairs that would react fastest by S\2.

a) P g & \/\(Cl MeNH,

b) A s A A MeSH
Br
C) /><\/ VS wBr MeSH
SH
MeBr
e) WOH Vs WOQ MeBr
MeBr
f) I © Vs CI®
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9. Propose a synthesis of the following compound Show all required reagents and
intermediates. A retrosynthesis and mechanisms are not required. (10 points)

\/\|/\—>\/\|/\

Br CN

10. State what type of reaction is operative in each case. (4 points)

©
0 N,
a) Br > N3
o 0
LI
b) HO/\):O OMe Oj\

Br NaOCH,4
c) >
HOCH,
) &
d) n-PrO
e)
/\S/S\/ —_— /\SH

f)

Cl

/\/\/‘\/\ HSCH,
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11. How many unique proton signals would be expected in the 'H NMR spectrum of the
following molecules? (3 points)

12. Give the number of peaks (multiplicity) expected in the 'H NMR spectrum for the
indicated protons in the following structure: (2 points)

e
f

13.
a. ldentify the key absorbances in the following IR spectrum. (5 points)
b. Propose a structure for the molecule given that its formula is C;H,O,. (2
points)

'
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14.

a.  What is the structure of the unknown compound whose molecular formula is
C.H,,0,? The 'H NMR spectrum of this compound is below. (2 points)

b. Justify your answer by accounting for all information given. (10 points)

Note: the infrared spectrum showed a number of absorbances from 2879 — 2960 cm™,

and a strong absorbance at 1734 cm.
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IR: Key Absorptions (cm™):

C-H

C-H sp

Alcohol

Carboxylic acid

Amine
Carbonyl
Nitrile
Alkynyl
Alkynyl

Alkyl

2

C-H
C-H

RO-H
RC(=0)0-H
RoN-H
R2C=O
RC=N
C=C-H

C=C

2850-2960
just >3000
3200-3650
2500-3300
3300-3500
1650-1780
2220-2260
~3300

2100-2260

m-s, sharp
m-s, sharp
s, broad
s, broad
s, broad
s, sharp
v, sharp
m-s, sharp
v, sharp

'"H NMR - Key APPROXIMATE chemical shifts (ppm):

0.7-1.7

1.6-2.6

2.1-2.5

21-3.0

23-27

1.7-2.7

R

|
/N\ /H
R Cc

/O\ /H

O,N. .H

22-29

20-3.0

20-40

2.7-41

3.1-4.1

42-48

3.0-5.0

41-43

R

My

R

e

0O

)J\H

H
H

R

Py
»=o
2

45-70

6.5-8.0

9.0-10.0

11.0-12.0
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m Relative Strength of Selected Acids and Their Conjugate Bases

Strongest acid

Weakest acid

Acid

HSbFg

HI

H,S0,

HBr

HCI
CgH_x,SO}H
(CH3),OH |
(CHg)?C=OH
CH30H,
Hs0*
HNO,
CF3COzH
HF
CgHsCOzH
CgHsNH; "
CH3COzH
H,CO4
CH3COCH;COCH;
NH, "
CgHsOH
HCO5~
CH3NH3"*
H,0
CH3CH,0H
(CH4)3COH
CHyCOCH,
HC=CH

Ha

NH5
CH2=CH2
CH4CH4

Approximate pK,

<-12

-10

-9

-9

7
-6.5

-3.8
~2.9

-25

-1.74

-1.4
0.18
32

421
4.63
4.75
6.35
9.0
9.2
9.9

10.2

10.6

15.7

16

18

19.2

25

35

38

44

50

Conjugate
Base

(CHa),0
(CH3),C=0

CH3OH

CH3COHCOCH;
NH3

CgHsO
CO52"
CH3NH,
OH-
CH3CH,0™
(CH4),CO~
“CH,COCH;
HC=C"

H-

NH, ™~
CHy=CH"™
CH3CH,™

Weakest base

Strongest base
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