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QUESTION 1 (17 Marks)
a) Explain the following observations

1.
11.

b)

c)
d)

% T

e)

Unlike °C NMR , most *C NMR spectra appear as a series of singlets 1 mark
In some cases, the C spectrum can appear as multiplets. Why and how is this solved? 2 marks
Cyclohexane protons exist in two different environments as either axial or equatorial. However, The
NMR spectrum of cyclohexane, however, shows only a single sharp peak at 1.4 ppm. Explain 2 marks
Give three reasons why not all bands are observed in an IR spectrum. 3 marks
Which of the following compounds is the most likely structure of the compound characterized by the
IR spectrum shown below? Explain your reasoning. 4 marks
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A compound X having molecular formula C3HsO shows the following mass spectrum. Study it and
answer the questions that follow.
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1 By use of explanation, identify the molecular ion peak and base peak 2 marks
il. Using chemical formulae explain the origin of peaks at m/z 43 and 15. 3 marks

Question Two 19 marks

a)

A postgraduate student isolated Vanillin (A) from the root bark of medicinal plant Cordia africana as
a light-yellow solid. She later performed acetylation of the compound to yield its acetylated product B.
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1) Explain why the compound A would appear coloured 1 mark
ii) Study 'H-NMR spectrum of compound A and assign all the protons. 6 Marks
iii) Study C-NMR spectrum of compound A and assign all the carbons. Justify the aromatic region
assignment using the table for increment system for aromatic carbons 8 Marks
1v) How would the student use 'H -NMR data to confirm conversion of A to B 2 Marks
v) What two main differences does the student expect between the '*C -NMR spectra of compounds A
and B? 2 Marks
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QUESTION 3 (12 Marks)

a) Anunknown organic compound showed a molecular ion peak at m/z 86 in its mass spectrum from
which a molecular formula of CsHioO was established. It was observed to be a colourless liquid
slightly soluble in water. The infrared 200~ MHz '"H-NMR and '>C-NMR spectra are provided for the

compound.



2 marks

1. Determine the Index o7 Hydrogen Deficiency of the compound
2 marks

ii. What functional groups can be obtained the IR spectrum?

iii. Considering the chemical shift integration and spli‘iing patterns in 'H-NMR spectrum establish the

types of protons present in the compound 2 marks

1v. What further information can be obtained from PC-NMR spectrum? 1 mark
v. From the information above propose a structure for the compound 1 mark
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Interpretation of NOESY spectrum of coumarin derivative whose structure is given below showed that 9-OH
and 14-CHj were on the opposite side.

WOH

a) Explain the obvious correlation obtained from NOESY data, and how it resolved the relative
configuration of the compound 2 marks
b) Explain how absolute configuration of the compound above would be established 2 marks
Question Four 12 marks
a) Study the structure and '"H-NMR and '3 C-NMR spectra of Scopoletin given below then answer the
questions that follow.
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H-NMR spectrum of Scopoletin
1. Assign the carbons C-2 and C-7 of the structure 2 marks
ii. Identify the solvent peak from the 'H-NMR spectrum 1 mark
1ii. Which proton(s) does the peak at 3.98 represent? Explain 2 marks
iv. Calculate and comment on the coupling constants (J) of the doublets observed in the 'H-NMR
spectrum. 2 marks
v. Assign the doublets in the structure. Explain 1 mark
vi. Describe how the COSY and HMBC spectra below for Scopoletin would support the assignment given
in a(v) above 4 marks
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Table of Characteristic IR Abscrptions

frequency, cm™

3640-3610 (s. sh)

3500-3200 (s.b)
400-3250 (m)
300-2500 (m)
330-3270 (n, s)
3100-3000 (s)
3100-3000 (m)
3000-2850 (m)
2830-2695 (m)
2260-2210 (v)
2260-2100 (w)
1760-1665 (s)
1760-1690 (s)
1750-1735 (s)
1740-1720 (s)
1730-1715 (s)
1715 (s)
1710-1665 (s)
1680-1640 (m)
1650-1580 (m)
1600-1585 (m)
1550-1475 (s)
1500-1400 (m)
1470-1450 (m)
1370-1350 (m)
1360-1290 (m)
1335-1250 (s)
1320-1000 (s)
1300-1150 (m)
1250-1020 (m)
1000-650 (s)
950-910 (m)
910-665 (5. b)
900-675 (s)
850-550 (m)
725-720 (m)
700-610 (b, s)
690-515 (m)

-
J
~
J
~
I

bond

O-H stretch. free hydroxyl

O-H stretch, H-bonded
N-H stretch

O-H stretch
—C=C-H: C-H stretch
C-H stretch

=C-H stretch

C-H stretch

H-C=0: C-H stretch
C=N stretch

—C=C- stretch

C=0 stretch

C=0 stretch

C=0 stretch

C=0 stretch

C=0 stretch

C=0 stretch

C=0 stretch

—C=C- stretch

N-H bend

C—C stretch (in—ring)
N-O asymmetric stretch
C-C stretch (in-ring)
C-H bend

C-H rock

N-O symmetric stretch
C-N stretch

C-0 stretch

C-H wag (-CH,X)
C-N stretch

=C-H bend

O-H bend

N-H wag

C-H “oop”

C-Cl stretch

C-H rock

—C=C-H: C-H bend
C-Br stretch

Junctional group

alcohols, phenols

alcohols. phenols

1°. 2° amines. amides
carboxylic acids

alkynes (terminal)
aromatics

alkenes

alkanes

aldehydes

nitriles

alkynes

carbonyls (general)
carboxylic acids

esters. saturated aliphatic
aldehydes. saturated aliphatic
o, f—unsaturated esters
ketones, saturated aliphatic
a. Pp—unsaturated aldehydes, ketones
alkenes

1" amines

aromatics

nitro compounds
aromatics

alkanes

alkanes

nitro compounds

aromatic amines

alcohols. carboxylic acids. esters, ethers

alkyl halides
aliphatic amines
alkenes
carboxylic acids
[°. 2° amines
aromatics

alkyl halides
alkanes

alkynes

alkyl halides

m=medium. w=weak. s=strong. n=narrow. b=broad. sh=sharp



Characteristic 3C-NMR Chemical Shifts

Type of Carbon Chemical Shift () Type of Carbon Chemical Shift (5)
e 040 | C(.‘.—R 110160
RCH,R 15-55 \ 4

R,CH 20-60 O

RCH,! 0-40 | R(IIOR 160-180
RCH,Br 25-65 O

RCI,CI 35-80 R("INR._, 165-180
R,COH 40-80 o

R,COR 40-80 RCOH 175-185
RC=CR 65-85 O O

R,C=CR, 100-150 R(ll.H, R(”IR 180-210

CHEM 30C, COMMON "H NMR CHEMICAL SHIFT RANGES

Common NMR solvents:
CDClg, D3C-SO-CDg3, D,O

CD5;0D
0O-CH-0, O-CH-X
X-CH-X, Ar-CH-O,
etc
e ————
~@— RCOOH fkana = =
(13-20 ppm) alkene _CHH C=CH
trans: 14-18 Hz -
cis: 8-10Hz
gem: 1-3Hz
N-CH
aryl =CH
- > =N
O-CH
H i 3 H
CH
P> CH, T™S
CO-NH and Ar-OH sp?® C-OH, usually broad singlet CHs (Me,Si)
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CHEM 30B, COMMON '3C NMR CHEMICAL SHIFT RANGES
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tnzene protons
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increment System for est:
benzene carbons

Formula: § = (28 5 + 31

R
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