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Question One

a) Consider the substances shown in the following acid-base reactions. Complete each
equation and expand the structural formulas to show all the unshared electron pairs.
Identify the acid, base, conjugate acid and conjugate base.

i) (CHs)sCO™ +CH;SH =

ii) CH3;CO,H + CH;CH,NH, =

[6]
b) Squaric acid is unusually acidic for a compound containing only C, H and O atoms. The
structure of the molecule is sketched below. The molecule has two acidic protons so that

it has two dissociation constants, K,; and K. Consequently in the presence of a base, the
ions [C4O4H] and [C404]* are formed.

Oy___OH

|

O// OH

i)- Write a dot structure for each of the two ions

ii) Using curved arrows, write two resonance structures to show how each of the two
ions is resonance stabilized

8]
b) Complete the following reactions:

OMe
H3C CH3 Br2
acetic acid
CF,
Bry/FeBr,

@ H,SO,
HNO,

(61



Q.1.d) What is the absolute configuration (R or S) of the compound represented by
the Fisher projection shown below.

CH,OH
H+OH
CH,CH, -

Question Two

a) Name each of the following:
G
Cl CH,

ii) CH,CH,CH(CH,)CH,CH(CH,CH,),

iy ~ CH,C(Br,)CH,CH,CH,C(Br,)CH,

v)

8]
b) Photochemical chlorination of 2,2 4-trimethylpentane (whose structure is sketched
below) gives four isomeric monochlorides. Write structural formulas for these four

isomers.

c) Cyclopropyl chloride has been prepared by the free radical chlorination of
cyclopropane. The structure of cyclopropane is sketched below. Write a stepwise
mechanism for this reaction. Your answer should include initiation, propagation and
two termination reactions.

JAN

[6]

6]



d) Sight down the C-2-C-3 bond and draw Newman projection formulas for the
i) most stable conformation of 2,2-dimethylbutane

ii) two most stable conformations of 2,3-dimethylbutane
151

Question Three

a) Write structural formulas for six of the isomeric aldehydes and ketones that have the

molecular formula CsH, (0. For structures, you may use any one of line, condensed, or
dash formulas.

191
b) Predict the product of the reaction of cyclopentanone with each of the following:
i) Lithium aluminium hydride followed by water

o
1. LiAH,

|
2. HO

ii) CH3;Mgl, followed by dilute acid

O

1. CH, Mgl
e

2. H'(aq)

iii) HC=CNa’, followed by dilute acid

O
é 1_ HC — C - Na +
2. H*(ag)

iv) Aniline, C¢HsNH,, in the presence of a little acid

0
CeHNH, /cat He

-

18]



¢) Write enol form of each of the following:

i)  (CHs),CHCHO

&

d) Write the structure of the major product formed in each of the following reactions:

[4]

p 4\
D Q\CHO + CHCOCH, NaOH(aq)

0

NaOH{
) E:iﬁ + GHCHO =

Question Four

4]

a) Structures of amino acids are represented by the general structure shown below.

CO,-
R
NH,+

Write line structures for the following alpha amino acids:

i) Valine, R = isopropyl
ii) Leucine, R = isobutyl
iit) Isoleucine, R = sec-butyl
iv) Aspartic acid, R = CHX, where X is the carboxylic group.
[6]
b) Write a stepwise mechanism for the formation of oxane (whose structure is shown below)
from 1,5-pentanediol, HOCH;(CH,);CH,OH. The reaction is aci-catalysed.

()

(0]
Oxane

6]



¢) Write equations showing how 1-phenylethanol, CsHsCH(OH)CHg could be prepared from
each of the following starting materials:

i) Bromobenzene
ii) Benzaldehyde

7
d) Write the structure of the ester from each of the following:
cHon CHCHOH — ot
+
b : e Heat
0 0

il Il H,80,
W 2 CH,OH + HOC COH
Heat

[6]
Question Five

a) In each of the following pairs of compounds, one is chiral and the other one is achiral.
Identify each compound as chiral or achiral,

) c'/Y\OH and Ho/\/\on

OH cl

i) CHCH=CHCH,Br  and CH,CH(Br)CH=CH,

i) and
Ci cl

[6]



d

b) Write equations (not necessarily balanced) showing how 2-phenyl, C¢HsCH,CH,0OH,

could be prepared from each of the following materials:

i) Phenylmagnesium bromide

(o

ii) Styrene
H__H
H

Give a dash formula for the carbocation intermediate that leads to the major product
in the reaction of hydrogen chloride with each of the compounds given below. Briefly
explain your answer.

I51]

i) 2-methyl-2-butene, (CH3),C=CHCH,CHj3
ii) 2-methyl-1-butene, CH,=C(CH3;)CHCH,CHj;
iii) Cis-2-butene, CH;CH=CHCH3;
iv) CH;3;CH=C(C¢Hs),
[8]
For each of the following reactions, identify the missing substances A, B, B and C

and write its formula.

H,SO, (catalyst)

i) 3 CH,CH=CH,
Heat at 200°C
ii) B + Pyridinium dichromate =~ ——————> @cuo
H,S0,(catalyst)
i) CH,CHCH,CH,OH 4+ ¢ » CH,CHCH,CH,ONO,

0]
- O —— O

[6]



Question Six
a) Give the [UPAC name for each of the following
i) CH3;CH=CHCH,CH,CH(CH:),
ii) The cyclic alcohol,

OH

O

Br

iii) A phenol of structure,

e

[6]

b) Write chemical equations for a reaction that takes place between each of the
following pairs of reactants.

i) 2-butanol, CH;CH(OH)CH,CHj3, and potassium dichromate, K,Cr,O7
ii) 1-butene, CH,=CHCH,CHj3 and water, H;O, in the presence of a catalytic
amount of acid
iii} 1,2-cyclopentanediol,
OH

o

OH
and periodic acid, HIO4.
{6}

¢) Consider the reaction of cyclohexanol, C¢H;;OH, with hydrogen bromide, HBr, to
form bromocyclohexane, CgH;Br and water. Write chemical equations for the
steps involved in the reaction.

8]

d) Which one of the two species, (CH3):C" or (CF3);C" would you expect to be more
stable? Explain your answer.

[51



The Periodic Table

Period

1
H He
1 2 1,008 WL 14V ISV 181 17/vi | 4.003
3 I 5 3 1 9 10
Li | Be 8 C F | Ne
8.941 | 9.012 10.81 | 12.01 | 14.01 { 16.00 | 19.00 | 20.18
" 12 13 14 17 19
Na Mg Al | si Cl | Ar
2299 | 24. 3 4 5 8 9 1N 12| 26.98 | 28.09 | 30.97 | 32.07 | 38.45 { 39.98
19 20 21 22 23 24 28 28 a3 28 29 30 an 32 k x| s 38
K |Ca|Sc| Ti V| |Cr|Mn|Fe |[Col Ni |CulZn|{Ga|Ge | As | Se | Br | Kr
39.10 | 40.00 | 44.95 | 47.87 | 50.9¢ | 52.00 | 54.94 | 55.85 {58.93 | 68.69 | 63.55 | 65.29 | 69.72 | 72.61 | 74.92 | 78.96 | 79.90 | e3.80
37 38 39 40 41 42 43 44 45 48 47 48 13 50 51 62 53 54
Rb| Sr{i Y| Zr | Nb|Mo|]Tc | Ru|Rh|Pd|Ag|Cd| In [Sn|Sb|Te|] | | Xe
85.47 } 87.62 | 88.91] 91.22 | 92.91 | 95.94 |98.91 [ 101.1 | 102.9 | 1064 ! 1078 | 112.4] 1148 | 118.7 | 121.8 | 127.6 | 1269 | 131.3
5 |8 [ 17233 7a 75 76 (77 [ 78 [ [[e |8 |8 | 8 |8 | &5 | 6
Cs | Ba L Hf | Ta | W [Re |Os | Ir | Pt jAu|Hg] TI { Pb{ Bi | Po { At | Rn
1329 {1323 | “Y | 170.6 | 180.0 | 183.6 | 186.2 | 190.2 | 192.2 | 195.1 | 197.0 | 200.6 | 204.4 | 207.2 | 209.0 | 210.0 | 210.0| 222.0
87 88 AC' 104 08 108 107 108 109
Fr | Ra Lr Ung |Unp |Unh [Uns {Uno [Une ......
223.0 | 2280
{_s block | o block | p block ]
57 58 59 80 []] 82 63 64 65 66 87 68 89 10 71
Lenthanides | La | Ce | Pr [ NdIPm |[Sm|Eu [Gd {|Tb | Dy |[Ho | Er | Tm | Yb | Lu
138.9 | 140.1 | 140.9 | 146.2 | 144.9 | 150.4 | 152.0 | 157.2 | 158.9 | 1025 | 164.9 | 187.3 | 189.9 | 173.0] 138.0
@ | 90 | ot | 92 | o3 | 94 | 95 | 96 § 87 | 98 | s@ | 100 | 101 | w02 | 103
Actinides Ac | Th |Pa| U |[Np|Pu|Am|Cm Bk | Cf | Es |Fm Md| No| Lr
221.0 | 232.0 | 231.0 | 238.0 | 237.0 | 239.1 | 241.1 | 244.1 | 249.1 | 252.1 | 252.1 } 267.1 | 258.1 | 285.1] 202.1 |

{ 7 brock




Useful relations

At298.15 K, RT = 2.4790 kJ mol~! and RT/F = 25.693 mV
1 atm = 101.325 kPa == 760 Torr lexactly}

1 bar = 10° Pa

1 eV = 1.602 18 x 10~ J = 96.485 kI mol~! = 8065.5 cm™!
Tem™ = 1.986% 1075 J = 11.96 J mol™! = 0.1240 meV

1 cal = 4.184 J [exactly)

1D (debye) = 3.33564x10"® C

IT=100G

14 (&ngstrdm) = 100 pm

1 M = 1 mol dm™?

General data and fundamental constants

Quantity Symbol Value
s~ Speed of light ¢ 2997925 x 108 ms™!
¥ FElementary charge e 1.602177x 107° ¢
+  Faraday constant F =N, 9.6485 x 10* C mol™!
Boltzmann constant k 1.380 66 x 10~¥ J X!
8.6174% 10~3 eV K-/
¥ Gas constant R kN, 8.314 51 JK~! mol™!
8.205 78 % 107% dm® atm K™! mol™!
& Planck constant h 66260810~ I3
A=h/2n 1.05457x 1074 ) s
+# Avogadro constant N, 6.022 14 x 107 mol™!
Atomic mass unit u T 166054 % 1077 kg
¥ Mass of clectron m, 9.109 39 x 10~ kg
% Vacuum permittivity & 8.854 19x 10"12 J-! CT !
47z, 1.11265x 1079 ' CP !
Bohr magneton pp =R /2m, 9274 02 x 1072 I T
& Bohr radius ay =dnehtfmeE S2917TIx 107V m
4 Rydberg constant Ry =me'[8icg 109737 x 10° em™ = 1.09937x 107 !
Prefixes
f p n ' m ¢ d k M G
femto pico nano mices  milli centi deci kilo mega giga
10715 10-12 10-° 10-¢ 10} 1072 10~} 10 10% 10°




