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SECTION A [50]

QUESTION 1: Multiple Choice Questions [50]

e There are 25 multiple choice questions and each question carries 2 marks.

e Answer ALL questions by selecting the letter of the correct answer.

e Choose the best possible answer for each question, even if you think there is
another possible answer that is not given.

1.1 For the functional group(s) on the following molecule, what characteristic IR absorption(s)
would be expected (ignoring C-H absorptions)?

Y

CO,H

A. Peaks around 1700 and 1650 cm™
B. A strong broad peak over 3600 to 2500 and around 1710 cm™
C. Peaks around 1650 and 3300 cm™
D. Peaks around 3300 and 1710 cm™

1.2 For the following reaction sequence (it is not necessary to understand the chemistry) what
significant change(s) would be expected by IR (ignoring C-H absorptions)?

a. CH3;MgBr

b. H;0"

A. A peak around 1710 cm™ would disappear and a new peak around 3300-3500 cm™ would
appear.

B. A peak around 1710 cm™ would appear and a new peak around 1650 cm™ would disappear.

C. A peak around 2150 cm™ would disappear and a new peak around 3300-3500 cm™ would
appear.

D. No change would be observed.

1.3 Which of the following is not a prominent peak in the mass spectrum of 2-methyl-2-pentanol?
A. M-15
B. M-18

C. M-29
D. M-16
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1.4 Which molecular formula is consistent with the following mass spectrum data?
M*®at m/z= 72, relative height=73.0%
(M+1)*°at m/z= 73, relative height=3.3%

A. C4H100
B. C4H9N
C. CsH12
D. C4HsO

1.5 How many signals would you expect to find in the *H NMR spectrum of the following
compound?

e,
W
£ A
W
e
weemeeyf
3
q
'

A.5
B.6
C.7
D.8

1.6 Which of the following is a correct prediction of the chemical shifts for the signals in the H
NMR spectrum for the following compound?

I Y
A. 1=0.9 ppm, II=1.7 ppm, 1I=3.9 ppm, IV=2.4 ppm
B. 1=0.9 ppm, lI=1.2 ppm, lI=3.7 ppm, 1V=1.9 ppm
C.1=0.9 ppm, I=1.7 ppm, 1lI=3.4 ppm, 1V=2.4 ppm
D. 1=0.9 ppm, lI=1.7 ppm, llI=3.4 ppm, IV=1.9 ppm

1.7 Determine the number of singlet signals expected to be observed in the *H NMR spectrum of

the following compound.
:} E

A 2
B.3
C.4
D.5
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1.8 Provide the name of the compound below.

G p "
o

A. (3R,4E)-3-t-butyl-4-methyl-1,4-hexadiene
B. (3S,4E)-3-t-butyl-4-methyl-1,4-hexadiene
C. (35,42)-3-t-butyl-4-methyl-1,4-hexadiene
D. (3R,42)-3-t-butyl-4-methyl-1,4-hexadiene

1.9 How many products are expected to be formed in the electrophilic addition reaction below?

HBr

A2
B.3
C.4
D.5

1.10 Which one of the following dienophiles is least reactive in the Diels-Alder reaction?

0
0
CN OCHsy NO,
OCH, |
H
| [—
I Il \4
I i
o}
Al
B. Il
C. 1
D. IV
E.V

1.11 What is the IUPAC name for the following compound?
NOQ

O—
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A. 6-ethyl-3-nitrobenzoic acid

B. 1-ethyl-4-nitrobenzoic acid

C. 2-ethyl-5-nitrobenzoic acid

D. 2-ethyl-5-nitrobenzaldehyde
E. 4-nitro-3-carboxyethylbenzene

1.12 Which one of the following compound is nonaromatic?

=~ \@/H
-0 {5

Al
B. Il
c.
D.Vv

1.13 Which of the following compounds is the most acidic?

SIS S

1.14 Arrange the compounds in order of increasing reactivity towards electrophilic substitution?

@) O
o I
CNHCH; HNCCH;s
2
\__/
i II i1 IV
AL LIV,
B. 1, I, IV, Il
C. UL LIV, I
D. IV, 11l 11, |
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1.15 Which is the best reaction sequence for preparing the following compound X from benzene?

(@) o -
] :\JCI_; - J‘.\:1C1"'O7> H.\O3 H.\()3 :SJCI_'; KwCl‘ﬂO';
L4 ey B ERAD A . > g 212
COH CHgCl HQSOJ. H,SO; H,S0,4 CH;(Cl H,SO4
NO»
S ] B
AlCh HNO; AlCk HNO K>C120
) N3 g2 3 3 3 2V7
o mCCl SO, CH:Cl  H,S0, H,S0;
®)
C D
A A
B.B
GG
D.D

1.16 Which of the following statements is (are) true about electrophilic aromatic substitution?

A. The methoxy group is an ortho, para activator because of a strong electron donating effect

B. The methoxy group is an ortho, para director because of a strong electron withdrawing
inductive effect

C. The methoxy group is an ortho, para activator because the O atom is an electronegative atom
strong electron donating effect

D. Statement A (The methoxy group is an ortho, para activator because of a strong electron
donating effect) and Statement C (the methoxy group is an ortho, para activator because the O
atom is an electronegative atom strong electron donating effect) are the only true statements.

1.17 Both LiAlH4 and NaBH4 are reducing agents. Which statement about these reagents is true?

A. Both reagents contain polar metal-hydrogen bonds. The polarity of the B-H bond is greater
than the polarity of the Al-H bond, so LiAlHa4is the stronger reducing agent.

B. Both reagents contain polar metal-hydrogen bonds. The polarity of the B-H bond is greater
than the polarity of the Al-H bond, so LiAlH4 is the weaker reducing agent.

C. Both reagents contain polar metal-hydrogen bonds. The polarity of the B-H bond is less than
the polarity of the Al-H bond, so LiAlH4 is the stronger reducing agent.

D. Both reagents contain polar metal-hydrogen bonds. The polarity of the B-H bond is less than
the polarity of the Al-H bond, so LiAlH4 is the weaker reducing agent.

1.18 What is the IUPAC name for the following compound?

OH
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A. 5-sec-butyl-4,4-dimethyl-7-decanol
B. 6-sec-butyl-7,7-dimethyl-4-decanol
C. 4,4-dimethyl-5-sec-butyl-7-decanol
D. 7,7-dimethyl-6-sec-butyl-4-decanol

1.19 Which one of the following compounds gives 5-methyl-3-heptanol with LiAlH4 followed by

water?
(6] O
M/ M O
H M
I I
o )\/[(L/\ )
/\/k/[kH
v \Y
Al
B. Il
C.
D. IV
E.V

1.20 What is the IUPAC name for the compound below?
OH 0

A. 4-ox0-5-phenyl-2-hexanol

B. 2-hydroxypropyl-1-phenylethyl ketone
C. 5-hydroxy-2-phenyl-3-hexanone

D. 2-hydroxy-5-phenyl-4-hexanone

1.21 Predict the product for the following reaction.

PCC , excess

CH,0H
CH,Cl,
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)
—_—0 =)

O CCG

IN

==0

=0

(9]

Al
B. Il
c.
D. IV

1.22 Provide the structure of the product, when cyclohexanecarbaldehyde reacts with excess 2-
propanol in presence of sulfuric acid.

N

OAJ\ ~AA

v

Al

B. Il
c.m
D. IV

1.23 What is the IUPAC name of the following compound?
/\/k/ﬁ\
OH
A. 2-methylpentanoic acid
B. 3-methylpentanoic acid

C. 2-methylhexanoic acid
D. 3-methylhexanoic acid
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1.24 Rank the following acids in decreasing (strongest to weakest) order of acidity.

0 0 0 0

| I | |
COH COH COH COH
OCHy NO, CHs Cl

A. lI>IV>ili>|
B. HHI>IV>II>
C. I>lI>Iv>li
D. lI>I1>IV>lll

1.25 Provide the reagents necessary to carry out the following conversion.

OH
Br
—_—
O

A. 1. Mg/ether; 2. CO; and 3. H30*

B. 1. NaOH; 2. KMnO4/NaOH/H20 and 3. H3O*
C. 1. NaCN and 2.H30", heat

D. A and Cabove

END OF SECTION A
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SECTION B:

[50]

QUESTION 2

What is (are) the product(s) of the following reactions?

Note: Each question carries 2 marks.

O
I
COCH34
NaBH, / H,0
_
a (0]
O
1. excess LiAlH,
L ——
2. H,0
b. 0
OH
\ -
excess
PCC/CH,Cly
C. CH,0H
N
I
o
|
C A
B B
C
l
€
@ !
HNO;/H,SO,
_ >
e.

[10]
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QUESTION 3 [14]
Identify the lettered intermediates (A-G) in the following reaction sequence.

Note: 2 marks for each correct intermediate

/SN B CH,COCI HOCH,CH,OH Mg [1] CH3CHO pCC H,0
& 2 A & D E F G
‘:"}_ /4 FeBr, AlCls H~ [2] H,O H-
QUESTION 4 [12]

Glutaraldehyde is a germicidal agent that is sometimes used to sterilize medical equipment.
In mildly acidic conditions, glutaraldehyde exists in a cyclic form as shown below. Draw a
stepwise detailed reaction mechanism for the reaction below.

U HO._ _o. _OH

0 |
I L men "0y
W T N Y =

H T T L

Py | .y ol oa g gl o
L& B § g s =11 §

QUESTION 5 [14]

What is the structure of the compound with molecular formula CoH100s3, IR absorptions at
3250 cm™, 1680 cm™ and 1280 cm™ and has the following *H NMR data?

Signal # Shift (ppm) Multiplicity Proton Ratio
l 1.1 triplet 3
2 4.0 quartet 2
3 6.9 doublet 2
vl 8.0 doublet 2
5 10.2 singlet I
THE END
GOODLUCK
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1H NMR SPECTRAL DATA

Characteristic Chemical Shifts of Common Types of Protons

Type of proion Chemical shift (ppm) Type of proton
"\ H
| c=C¢
—’_C—H 09—2 J,»" ‘./l \\_
SP:J e | ,‘p;_‘
e RCH, ~-0.9 Ve
e R,CH; 1.5 <_>—-ﬁ
¢ R,CH AT -
/ —C—H .5-2.5 ,C’\
| Rl
Z=C.O,N
T
—C=C—H -25 C.
R™ “oH
—4&—@«: 2.5-4
5 e ‘|7_ RO—H or Fl—t\lJ—H
Z=N.0O.X
Important IR Absorptions
Bond type Approximate ¥V {cm™) intensity
O-H 3600-3200 strong, broad
N-H 3500-3200 medium
C-H -23000
o C.*—H 3000-28350 strong
e C.s-H 3150-3000 medium
» C,.—-H 3300 medium
C=C 2250 medium
C=N 2250 medium
C=0C 1800-1850 (often ~1700} strong
c=C 165G medium
".,,./ :3':; :T
i 1600, 1500 medium

4.5-6

6.5-8

10-12

Chemical shift (ppm)
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