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Question 1

(a)Calculate the Index of Hydrogen deficiency of the following compounds.
(1) CeHgNO
(i1) CoHs00O
(ii1) C4H3IS
(iv) CoH;31IN,0s
(v) CuHpCLN,Os
(5]

(b) Use the Woodward-Fieser rules to calculate Amax for the following compounds.
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(c) Define using examples;
(1) exo double bond
(1) endo double bond. [2]

(d) The spectrum shown below was obtained from a solution of 4.60 mg of O-cresol
in 100 ml of ethanol and was recorded using a 1cm cell. For the peak at 273 nm
the absorbance is 0.75, calculate the molar extinction coefficient &.
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Question 2

(a)  Carboxylic acids (RCOOH) react with alcohols (R'OH) ifi the presence of an acid
catalyst. The reaction product of propanoic acid with methanol has the following
MS, IR, and NMR data. Propose a structure for this product.?

[8]
9]
C‘H OH 0
HOj;" Catalyst )
OH
MS M'=88
IR 1735 cm’™

'H 1011 & (3H, triplet, J = 7 Hz); 2.32 & (2H, quarted, ] =7 Hz); 3.65 & (3
H, singlet)

Broadband — decoupled 13C NMR: 9.3,27.6,51.4,17438

(b)  Propose a structure for a compound CsH ;O that fits the following: (3H, triplet J =
' 7 Hz); 1.2 & (6 H, singlet); 1.50 * (2H, quartet J =7 Hz); 1.64 & (1 H, broad
singlet)
191

©) Propose a structure for the alcohol C4H;,0 that has the following :
3C NMR spectral data:

Broadband — decoupled BCNMR
19.0,31.7,69.5%
Dept—-90:31.7 6
Dept — 135 positive peak at 19.0 8, negative peak at 69.5 &
(8]

Question 3

(a) Propose a structure for an aromatic hydrocarbon C;H;e, that has the following 3C NMR
data.

Broadband decoupled C NMR: 29.5,31.8, 50.2, 125.5, 127.5, 130.3, 139.8 &
DEPT -90: 125.5,127.5,1303 %

DEPT -135: Positive Peaks at 29.5, 125.5, 127.5, 130.3 § Negative Peak at 50.2 §
[10]


http:19.0,31.7,69.53

(b) Each of the following IR spectra is associated with one of the aromatic compounds below. Identify the
compound associated with each spectrum. [ 15]
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Question 4

(a)To answer the following questions, consider the data and 'HNMR spectrum
below. The mass spectrum of this compound shows a molecular ion at riz/z =113,

the IR spectrum has characteristic absorptions at 2270 and 1735 cm- , and the
BCNMR spectrum has five (5) signals.

2H

3H

2H

(a) Based on the mass spectral data and the IR data, what functional groups are present in
this compound? (4]

(b) How many types of non-equivalent protons are there in this molecule? [4]

(c) Comment or describe the signal at 3.5 § in terms of its integration, splitting pattern

and chemical shift. [4]
(d) Describe the signals at 4.35 § and 1.3 § in terms of their integration splitting and

chemical shift. [4)
(¢) What is the significance of "C NMR data? (4]

(f) Analyze all the information deduced from the data provided and then propose a
structure for this compound? [5]



Question 5

(a) The following spectral data (CI mass spectrum, infra-red, *C-nmr and H-nmr) is
provided for an unknown compound. You are required to deduce the structure of

the unknown compound that is consistent with all the data provided. [20]
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(b) When the 'H NMR specttum of acetone, CH3;COCH;, is recorded on an

instrument operating at 200 MHz, a single sharp resonance at 2.1 § is seen.

(1) How many hertz downfield from TMS does the acetone resonance correspond to?

(ii) If the "H NMR spectrum of acetone were recorded at 500 MHz, what would the

position of the absorption be in § units?

(i11) How many hertz from TMS does this 500 MHz resonance correspond to?

(5]




Question 6

(a) The following spectral data (CI mass spectrum, infra-red, "*C-nmr and H-nmr) is
provided for an unknown compound. You are required to deduce the structure of

the unknown compound that is consistent with all the data provided. [20]
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(b) Assume you are carrying out the conversion of 1-bromobutane to 1-butanol. Explain how you
would use IR spectroscopy and Mass spectrometry to determine weather the reaction is complete.

(5}



TABLE 1.3 Relative Isotope Abundances of Common Elements.

Relative Relative Relative
Elements Isotope  Abundance Isotope © Abundance  Isotope Abundance
Carbon 2C 100 BC 1.11
Hydrogen 'H 100 ’H 0.016
Nitrogen N 100 BN 0.38
Oxygen 160 100 7o . 0.04 180 0.2
Fluorine 19R 100
Silicon 28gj 100 281 5.1 30Gi 3.35
Phosphorus sip 100
Sulfur 328 100 38 0.78 S 4.4
Chlorine 3C1 100 11 32.5
Bromine PBr 100 818y 98
Iodine 1271 100
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