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Question One

a) Consider the acid-base reactions given below. Complete each equation and expand the
structural formulas to show all the unshared electron pairs. Identify the acid and its
conjugate base. In each case show the flow of electrons with curved arrows

1)
Q
)l\ * NH3

R OH

1) CH;CH;0H + OH —
[10]
b) For each of the following, write all the possible reasonable resonance structures. Your

structures should include formal charges and lone electron pairs where appropriate.Use
curved arrows to track electron movement.

Mo
iif)
/\/\N.Hz

¢) Draw the line structural formulas for the following:

i) Three ethers with the formula C4H,,0
i) Two esters with the formula C;HO,

[6]
Question two
a) Write a line structure for each of the following:
1) 6-isopropyl-2,3-dimethylnonane
ii) 4-tert-Butyl-3-methylheptane

iii) (CH3CH,);CCH(CH,CH;),
[6]
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b) Photochemical chlorination of 2,4,4-trimethylhexane (whose structure is sketched
below) gives five isomeric monochlorides. Write structural formulas for these five

isomers.
[7.5]

c) Chloroethane, CH3CH,Cl, has been prepared by the free radical chlorination of
ethane, CH3CHj;. Write a stepwise mechanism for this reaction. Your answer should
include initiation, propagation and termination steps.

[6.5]

d) Specify the configuration of the chirality center as R or S in each of the following:
F

D CI-i——H
r

i Monosodium L-glutamate

CO;

H3N+——i—H
H,CH,CO, Na®

Question Three

a) Write structural formulas for six of the isomeric chlorinated aldehydes and ketones that
have the molecular formula C4H;ClO. For structures, you may use any one of line,
condensed, or dash formulas.

9]
b) Predict the product of the reaction of propanal, CH;;CH;CHO with each of the following:
1) Hydroxylamine, NH,OH
ii) Phenyl hydrazine, C¢HsNHNH;
iii) Sodium cyanide, NaCN, followed by dilute sulphuric acid

iv) Chromic acid

8]



%€,

¢) Give enol form of each of the following:

i) Propanone, CH;COCH;
ii) HC=C-CH,CHO
[4]
d) Write the structure of the major product formed in each of the following cross-aldol
reactions:

0 H
dcm . O)\Q NaOH
) NaOH

N
) HC=C—CHO + HC=C-CHycHO —aof

[4]
Question Four

a) Write chemical equations showing all the necessary reagents for the preparation of
1-butanol, CH3CH,CH,CH,0H, by each of the following methods.

i) Use of a Grignard reagent
ii) Reduction of a carboxylic acid
iii) Hydrogenation of an aldehyde
iv) Reduction with NaBH,4
[8]
b) Write a stepwise mechanism for the formation of diethyl ether, CH;CH,OCH,CH; from
ethanol, CH3CH,OH, in the presence of an acid catalyst.

[8 mks]
¢) Give the structure of the major product resulting from each of the following reactions:
OH
HNO, /H,50,4
h e
F
© Bro/FeBrs
i) —
NO2
HNO; /H,804
i) >
9]
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Question Five

a)

b)

d)

In each of the following compounds, identify the chiral center, if any:

Br

[6]

Predict the major product when each of the following is reacted with chromic acid
(H2CrOy) -

i)  CH,CH,0H
i)  CH3CH,CH(OH)CH;
iii)  (CH3);COH .
[6]

Write line structures and give IUPAC names for all the alkenes of molecular formula
C¢Hj2 that contain a tri-substituted double bond. Where appropriate, indicate the type
of stereochemistry present.

[6]

Identify the major alkene (product) obtained upon acid-catalyzed dehydration of each
of the following alcohols:

CH3

HO
O” 99
HO :

[7]
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Question Six

a) Consider the acid-catalysed dehydration of tert-butyl alcohol, (CH3);COH.
1) Write the overall reaction equation

ii) Give the mechanism for the reaction. Use curved arrows to show the
movement for the electrons

81 .

b) Give structural formulas and give the functional class (1°, 2°, or 3°) and [IUPAC
names of all the isomeric alkyl chlorides that have the molecular formula C4HoCl.
[7.5]

¢) Write a structural formula for a free radical (only one is required for each case)
that has the formula CsH;; and can be classified as a
i) A primary radical ii) secondary radical iit) tertiary radcal

[4.5]

d) Ethanol, CH;CH,OH, and dimethyl ether, CH30OCHj3, are constitutional isomers.
At room temperature ethanol is a liquid whereas dimethyl ether is a gas. Suggest
an explanation for this observation.

(51
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The Periodic Table
18/Viil
1 2
H He
1 2 1.008 13/ 14/lV 15V 18/VI 17/Vi| 4.003
3 4 5 6 7 8 ] 10
2| Li | Be BIC|[N]| O] F | Ne
6.941 | 9.012 10.81 | 12.01 | 14.01 | 16.00 | 19.00 | 20.18
1" | 12 13 | | 15| 18| 17| i
3| Na | Mg . < Allsi|P|l s ]|cli]Ar
2299|2430 | 3 4 5 8 1 8 9 10 1N 12_| 26.98 | 28.09 | 30.97 | 32.07 | 35.45 | 39.95
. 19 |20 [ 20 ] 22 [ 23 24 [ 25 [ 26 [ 27 [ 28 [ 29 [ 30 [ 31 | a2 | 33 | a4 | 35 | 36
o 4 K|Ca|Sc|Ti |V |CriMn|Fe |[Co|Ni |[Cu|Zn]| Ga|Ge | As | Se | Br | Kr
0 39.10 | 40.08 | 44.96 | 47.87 | 50.94 | 52.00 | 54.94 | 66.85 | 56.93 | 58.69 | 63.55 | 65.39 | 69.72 | 72.61 | 74.92 | 78.96 | 79.90 | 83.80
= 37 | 38 | 39 | 40 | 41 | 42 | 43 [ 44 | 45 | a6 | 47 | 48 | 49 | 60 | 5 | 52 | 53 | 64
@ s|Rb | Sr| Y| Zr [Nb|Mo|Tc [Ru |Rh | Pd | A Cd| In | Sn | Sb | Te I Xe
85.47 | 87.62 | 88.91 | 91.22 | 92.91 | 95.94 | 98.91 | 101.1 | 102.9 | 106.4 [107.9 | 112.4 | 1148 | 1187 | 121.8 | 1276 | 126.9 | 131.3
55 5 | g | 72 73 | 74 75 | 78 77 78 79 80 81 82 | 83 B4 | 85 | B6
6| Cs | Ba L Hf | Ta | W |Re |Os | Ir | Pt |Au | H Ti | Pb | Bi | Po| At | Rn
132.9 [ 137.3 | Y | 178.5 | 180.9 | 183.8 | 186.2 | 190.2 | 192.2 | 195.1 | 197.0 | 200.6 | 204.4 | 207.2 | 209.0 | 210.0 | 210.0 | 222.0
a7 (88 | o [ 104 [105 [ 108 | 107 [ 108 | 109 ‘
71 Fr. | Ra Lr Unq |Unp |Unh |Uns |Uno |Une| ......
223.0 | 2260 :
| biock | d block [ p block |
57 58 59 60 61 62 63 64 85 68 67 68 69 70 IA)
Lanthanides | La | Ce | Pr | Nd |Pm {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 | 1625 | 164.9 | 167.3 | 168.9 | 173.0 | 175.0
89 | 90 | 91 | 92 | 93 | 94 | 95 | 96 | 97 | 98 [ 99 | 100 | 101 | 102 | 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 | 259.1 | 262.1

1 1 block




