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SECTION A

SPECTROSCOPY AND STRUCTURE ELUCIDATION
»

Question 1

(a) Define the following terms;
(1) Spectroscopy
(11} Auxochrome
(i11)Bathochromic Shift
(iv)Index of hydrogen deficiency

(v) Fingerprint region (5]
(b) Explain the differences in Anax in cisoid and transoid UV absorptions. [3]
(c) A diene C,;H;¢ was thought to have the structure below. Its UV spectrum showed a

Amax O0f 263 nm. Can the structure below be correct? If not, draw the structure with the
same skeleton that satisfies the spectral data

o .
(d) Can you distinguish between the following three isomeric acids by UV spectroscopy? Use
the Woodward-Fieser rules to predict each Ayax (6]

COOH

COOH

A B C

(e) Propose a structure for an alcohol C4H (O that has the following;
"C NMR Spectral data:
Broadband-decoupled BC NMR: 19.0, 31.7,69.58
DEPT-90: 31.7 6
DEPT-135: positive peak at 19.0 5, 31.7 § , negative peak at 69.5 & (8]



Question 2

(a) The electron impact ionization (EI) mass spectrum for 2-propanol is shown below.
Write Lewis structures for the species that give rise to the peaks at m/z 45 and m/z 43.
Make sure to show all carbon, hydrogen, and oxygen atoms and all bonds, charges,
lone pairs of electrons, and unpaired electrons.

o (6]
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(b) Write the products of the following reactions. Propose plausible IR absorption bands

and m/z of the products.
)
1. NaBH, n
z/”\‘*T}/” —_ T ?
2. H30*
O
(i1)
O
1. CHzMgBr ”
B — et H
2. HzOF
(1)

H\ 1. KMnO, , OH" )
L 2. heat, Hy0"
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Question 3

(a) The following spectral data (CI mass spectrum, infra-red, BC-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 prov‘;;ded.

(1)
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(b) When the 'H NMR spectrum of acetone, CH;COCHj, 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?

(i1) If the "H NMR spectrum of acetone were recorded at 500 MHz, what would the
position of the absorption be in 8 units?

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

(8]

o
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SECTION B: REACTION AND SYNTHESIS OF ORGANIC COMPOUNDS

Question 4

»
@ ) Addition of HCl to 1-isopropenyl-1-methylcyclopentane yields 1-chloro-1,2,2-
trimethylcyclohexane. Suggest a mechanism, showing the structures of the
intermediate and using curved arrows to indicate electron flow.

+ HO & —— Cﬁ
cl

(i)  Draw an energy diagram for the reaction, labeling all points of interest and
making sure that the relative energy levels on the diagram are consistent with
the information given. [6]

[6]

(b) @) The reaction of hydroxide 1on with chloromethane to yield methanol and
chloride ion is an example of a general reaction type called nucleophilic
substitution reaction:

HO + CH,CI — CH,OH + CI

The value of AH" for the reaction is -75 kJ/mol, and the value of AS®is +54
J/(K.mol). What is the value of AG® (in kJ/mol) at 298 K? Is the reaction
exothermic or endothermic? Is it exergonic or endergonic?

(6]

(11)  The addition of water to ethylene to yield ethanol has the following
thermodynamic parameters:

H,C=CH, + H,0 —> CH,CH,0H
AHC® = -44 kJ/mol
$° = -0.12 kJ/(K.mol)
Keq= 24

(a) Is the reaction exothermic or endothermic?
(b)  Is the reaction favorable (spontaneous) or unfavorable
(nonspontaneous) at room temperature (298 K)?

[7]



Question 5

(a) Fill in the reagents a — d in the following synthesis of racemic methamphetamine from

benzene. 5

[12]

© a Z b,c ‘ d NHCH;3
m ©/\l/

L)) Identify the reagents represented by the letters a-e in the following scheme.
[13]

o]
© a ©/ J\/ b S e P
M s
Jd
Br
JO RS
Br # Br

Question 6
(a) (1) Name the four kinds of organic reactions. 4]
(11) Give an appropriate example for each named reaction. [4]
(11)What is a reaction mechanism? [2]

(1iv) Name two general types of reactions by which reactions occur, and give one real
example for each type.

[5]
(b) Write the structure of the major product expected from the following reactions.
@)
9
X Bry
- ~ CHyCOOH

(1)
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TABLE 1.3 Relative Isotope Abundances of Common Elements.
Relative Relative Relative
Elements Isotope  Abundance Isotope - Abundancg? Isotope  Abundance
Carbon 2C 100 BC 111
Hydrogen H 100 - H - 0016
Nitrogen UN 100 BN . 038
Oxygen 160 100 70 . 0.04 130 0.2
Fluorine 3 100
Silicon BSi 100 981 5.1 05 335
Phosphorus sp 100
Sulfur 235 100 1S 0.78 ) 44
Chlorine 5Cl 100 3¢l 325
Bromine ®Br 100 8By 98
Todine i 100
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