Organic Chemistry, 5e (Bruice)
Chapter 17: Carbonyl Compounds II

1) Which of the following compounds is an aldehyde?
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B) II
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D) IV

E)V
Answer: D
Type: MC
Section: 17-1



2) Which of the following compounds is a ketone?
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D) IV

E)V
Answer: B
Type: MC
Section: 17-1

3) What is the common name for the following compound?
0

CHp—C—H
|
Cl
A) chloroaldehyde
B) o-chloroacetaldehyde
C) B-chloroacetaldehyde
D) 2-chloroethanal
E) a-chloroethanal
Answer: B
Type: MC
Section: 17-1



4) Which of the following compounds is acetone?
A)
0
CH3—C—CH3
B)
o)
CH3—C—H
O
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0
]
CH3—C—OH
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0
I

CH3—C—CH»CH3
Answer: A
Type: MC
Section: 17-1

5) What is the [IUPAC name for the following compound?

0
CH3CHCH,—C—H

|

Br

A) 2-bromobutanal
B) a-bromobutanal
C) 3-bromobutanal
D) B-bromobutyraldehyde
E) 3-bromobutanone
Answer: C
Type: MC
Section: 17-1



6) Which of the following compounds is benzaldehyde?
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B)II
O III
D) IV
E)V
Answer: D
Type: MC

Section: 17-1
7) What is the [IUPAC name for the following compound?

0

CH3CCHCH>CHCL

| |
CH3 CHj3
A) 5-chloro-3-methylhexanone
B) 1-chloro-1,3-dimethyl-4-pentanone
C) 5-chloro-3,5-dimethyl-2-pentanone
D) 5-chloro-3-methyl-2-hexanone
E) 2-chloro-4-methyl-5-hexanone
Answer: D
Type: MC
Section: 17-1



8) Which of the following is cyclohexanone?

L O
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B)II

C) I

D) IV

E)V
Answer: E
Type: MC
Section: 17-1

9) Provide the proper [UPAC name for PhnCH>CH(CH3)CH2CH>CHO.

Answer: 4-methyl-5-phenylpentanal
Type: SA
Section: 17-1

10) Provide the proper IUPAC name for CH3CHOHCHCOCH>C(CH3)2CH>CH3.

Answer: 2-hydroxy-6,6-dimethyl-4-octanone
Type: SA
Section: 17-1

11) Provide the IUPAC name for the organic compound below.

Q Q2

H QOCH.CHs

Answer: ethyl 5-oxopentanoate
Type: SA
Section: 17-1



12) Provide the IUPAC name for the organic compound below.

0]

Answer: 3-ethyl-4-methylhexanal
Type: SA
Section: 17-1

13) Provide the IUPAC name for the organic compound below.

D ~
OH
Answer: 3-hydroxycyclopentanone
Type: SA

Section: 17-1

14) Provide the systematic name of the compound below.

O
H
Cl

Answer: 2-chloro-5-methylheptanal
Type: SA
Section: 17-1

15) Provide the systematic name of the compound below.
O
=
Answer: (Z)-5-methyl-4-hepten-3-one

Type: SA
Section: 17-1



16) Would you expect the carbonyl carbon of benzaldehyde to be more or less electrophilic than that of
acetaldehyde? Explain using resonance structures.
Answer: The carbonyl carbon of benzldehyde would be less electrophilic. Delocalization reduces its
partial positive charge as seen in the resonance forms below.
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Type: SA

Section: 17-2

17) Which carbonyl is more susceptible to nucleophilic attack, that of cyclohexanone or that of hexanal?

Provide two reasons for your choice.

Answer: Hexanal. The partial positive charge on the carbonyl carbon causes carbonyl compounds to be
attacked by nucleophiles. Because a hydrogen is electron-withdrawing relative to an alkyl
group, an aldehyde has a greater partial positive charge on its carbonyl carbon and is thus more
susceptible to nucleophilic attack. Steric factors also contribute to the greater reactivity of an
aldehyde. Because the hydrogen attached to the carbonyl carbon of an aldehyde is smaller than
the alkyl group attached to the carbonyl carbon of a ketone, the carbonyl carbon of an aldehyde
is more accessible to nucloephilic attack.

Type: SA

Section: 17-2

18) List the following carbonyl compounds in order of decreasing reactivity toward nucleophiles: ester,
acid chloride, amide, aldehyde, ketone.
Answer: acid chloride > aldehyde > ketone > ester > amide
Type: SA
Section: 17-2

19) Which of the following characterizes the reactions of aldehydes and ketones?

A) electrophilic addition
B) electrophilic substitution
C) nucleophilic acyl substitution
D) nucleophilic addition; free radical addition

Answer: D

Type: MC

Section: 17-3



20) Why do aldehydes undergo nucleophilic addition reactions while esters undergo nucleophilic acyl
substitution reactions?
A) The carbonyl carbon of an ester is more electrophilic than that of an aldehyde.
B) Aldehydes are more sterically hindered than esters.
C) Once the nucleophile adds to an aldehyde, the tetrahedral intermediate is too sterically hindered
to eliminate one of the attached groups.
D) The ester carbonyl carbon is sp3 hybridized while the aldehyde carbonyl carbon is sp2
hybridized.
E) Once the nucleophile adds to an aldehyde, neither H- nor R- can be eliminated since they are
strongly basic.
Answer: E
Type: MC
Section: 17-3

21) What is the major product when (CH3)2CHCH2CH2Br is subjected to the following reaction

sequence: 1. Mg, ether 2. CO7 3. H30+?
A) 3-methyl-1-butanol
B) 2-methyl-2-butanol
C) 4-methyl-1-pentanol
D) 4-methylpentanoic acid
Answer: D
Type: MC
Section: 17-4



22) Which of the following reactions can be used to prepare 3-methyl-3-hexanol,

OH

CH3CH»CCH»CHpCH3 7

CH3
A)
0
I 1. CH3MgBr
CH3CH2CCH2CH2CH3
@
2. H30
B)
O
I 1. CH3CHpMgBr
CH3CCH2CH2CH3
@
2. H30
O
0
I 1. CH3CHpCHoMgBr
CH3CCH2CH3
@
2. H30
D) Aand B
E) A, B, and C
Answer: E
Type: MC

Section: 17-4



23) What is/are the major product(s) of the following reaction?
0
CH3MgBr + HOCHpCH — 2
A)
0

HO—CHpCCH3 + HMgBr

B)
OMgBr
HO—CH,CH
CH3
O

0
|

CHq + BrMgOCH>CH
D)
O
BrMgCH2CH + CH30H
E)

ﬂ

CH3MgBr + HOCHpCH —— 7
Answer: C
Type: MC
Section: 17-4



24) Which of the following reactions can be used to prepare:

Cl,iH
CH; CH,C ?
O 1. k
L CHgCHg(ILI‘—OCHg "
7. H;O0
0 T gBr
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Al
B)II
C) I
D) Band C
E) A,Band C
Answer: E
Type: MC
Section: 17-4

25) Which of the following alcohols can be prepared by the reaction of methyl formate with excess
Grignard reagent?

A) 1-pentanol
B) 2-pentanol
C) 3-pentanol
D) 2-methyl-2-pentanol
E) 3-methyl-3-pentanol
Answer: C
Type: MC
Section: 17-4



26) Complete the following reaction sequence by supplying the missing information:

? 2 1.7
CH30H — CH3Br ? CH3CH20H
2.7
Answer:
@)
1. |
PBrsy Mg H—C—H
CH30OH —— CH3Br 2 CH3CH»OH
ether 2. H30"
Type: SA
Section: 17-4

27) Give three different sets of reagents (a carbonyl compound and a Grignard reagent) that could be used
to prepare the following compound.

OH

CH3—C—CH>CH3

CH3
Answer:
a. @)
CH3CH»COCH3 and 2 CH3MgBr
b. @)
CH3CCH2CH3 and CH3MgBr
s @)
CH3CCH3 and CH3CHpMgBr
Type: SA
Section: 17-4

28) What reagent can be used to convert benzophenone into triphenylmethanol?
Answer: PhMgBr followed by hydrolysis
Type: SA
Section: 17-4

29) Propose a synthesis of 4-phenyl-2-butanol from 3-phenylpropanal.
Answer: 1) CH3MgBr
2) H30+

Type: SA
Section: 17-4



30) What two distinct combinations of Grignard reagent and aldehyde could be used to prepare the
alcohol below?

OH

4

Answer: phenyl magnesium bromide + butanal and propyl magnesium bromide + benzaldehyde
Type: SA
Section: 17-4

31) Provide the major organic product of the following.

1. Me. Et,0

Br 2. CO,
3. H,0"

Answer:

CO:H
Type: SA
Section: 17-4

32) Beginning with sodium acetylide (NaCCH), propose a three-step synthesis of hexanal.
Answer: 1) CH3CH2CH2CH>Br
2) SiapBH
3) HpO2, NaOH
Type: SA
Section: 17-5

33) Propose a synthesis of 3-methyl-4-heptyn-3-ol from 1-butyne.
Answer: 1) NaNH»

2) CH3COCH,CH3
3) H30+

Type: SA
Section: 17-5

34) Propose a sequence of steps to convert propyne to 4-heptanol.

Answer: 1) NaNH»
2) CH3CHpCH2CHO
3) H»> (excess), Pt
Type: SA

Section: 17-5



35) Which of the following reactions is the best method for preparing acetaldehyde?

ﬁ
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Answer: A
Type: MC

Section: 17-6



36) What is the major product of the following reaction?
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B) 11
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E)V
Answer: B
Type: MC
Section: 17-6

37) Which of the following reagents can be used to reduce acetaldehyde to ethyl alcohol?

A) 1. LiAlH4/2. H30*
B) 1. NaBH4/2. H30+
C) Hp/Pt
D) A and D
E) A, B, and C

Answer: E

Type: MC

Section: 17-6

38) Diisobutylaluminum hydride (DIBALH) can be used to carry out which of the following conversions?
A) ester to aldehyde

B) carboxylic acid to ester
C) 2 alcohol to ketone
D) aldehyde to carboxylic acid
E) ester to ketone
Answer: A
Type: MC
Section: 17-6

39) Provide the major organic product which results when (CH3)2CHCHCHCOCl is treated with
DIBAH.
Answer: (CH3)2CHCH2CH2CHO
Type: SA
Section: 17-6



40) Provide the major organic product of the following.

o
1. LiAlH,
N CH,CH; - -

2. H,0

Answer:

N CHoCH5
Type: SA
Section: 17-6

41) Provide the major organic product(s) of the reaction below.

(]
1. MaBH,
2. H,0
Answer:
OH
Type: SA
Section: 17-6

42) Provide the major organic product(s) of the reaction below.

1. Li&lHy
O o
N 2. Hy0
5
CHs

Answer:

i
CH,

Type: SA
Section: 17-6




43) Which of the following is the best method for preparing lactic acid from acetaldehyde?

OH 0
CH3CHCOOH CH3CH
lactic acid acetaldehyde

A) Clp; -OH; CH30H

B) CH3MgBr; -OH

C) KMnOy; -OH

D) HCIIN; H30%/heat

E) Clp; Mg/ether; -OH
Answer: D

Type: MC
Section: 17-7

44) Which of the sequences works best to accomplish the following conversion?

OH
)\/CHO = )\/I\/N—H2

A) 1. NaCN, HCI 2. Hp, Pt

B) 1. H)NCH)MgBr 2. H30+
C) 1. NaNH» 2. H30+

D) 1. HH)NNHj, H+ 2. H30+
E) 1. NH3, H+ 2. Hp, Pt

Answer: A
Type: MC
Section: 17-7

45) Provide the structure of the cyanohydrin that results when cyclopentanone reacts with HCN.
Answer:

HO CH

Type: SA
Section: 17-7



46) Provide the major organic product(s) of the reaction below.

0
Of 1. NaCN, HCN
2. HCI, H,0, heat

Answer:

OH

E}cozH

Type: SA
Section: 17-7

47) Provide the major organic product(s) of the reaction below.

0
Of 1. NaCN, HCN
2. Hp, PAIC

Answer:

OH

O<CH2NH2

Type: SA
Section: 17-7

48) What class of organic compounds results when cyclopentanone reacts with ethylamine in the presence
of trace acid?

A) cyanohydrin
B) semicarbazone
C) imine
D) enamine
E) oxime
Answer: C
Type: MC
Section: 17-8

49) When the carbonyl group of a neutral ketone is protonated,
A) the resulting species becomes more electrophilic.
B) the resulting species is activated toward nucleophilic attack.
C) subsequent nucleophilic attack on the resulting species is said to occur under acid-catalyzed
conditions.

D) the resulting species has a positive charge.
E) all of the above

Answer: E

Type: MC

Section: 17-8



50) Which of the following amines will react with cyclopentanone to form an enamine?
A) CH3CH»CHCH)>NH»
B) (CH3)3N
C) pyridine
D) (CH3)3CNH3

E) none of the above
Answer: E
Type: MC
Section: 17-8

51) Which of the following compounds is a hydrazone?

NHNH, v _—-N—NH,

N/CHE
IL Q/ “CH- V.
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Al

B) II

C) 1II

D) IV

E)V
Answer: D
Type: MC
Section: 17-8



52) What is the major organic product of the following reaction?
O

CH3—C—H + HONHp; — ?
A)
CH3CHOH

NHOH
B)
CH3C=0

NHOH
S
CH3C=NOH

H
D)
CH3CHNHOCHCH 9
W
OH OH
E)
CH3CHOH

ONH»
Answer: C
Type: MC
Section: 17-8

53) Which of the following is an enamine?
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H
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B)II

C) I

D) IV

E)V
Answer: B
Type: MC
Section: 17-8



54) What is the major organic product of the following reaction?

0
=
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C,Hs

&
CzHs
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B) II
C) I
D) IV
E)V
Answer: A
Type: MC
Section: 17-8

55) What is the major organic product of the following reaction?

0 H,
+ CH;CH;NH; T ?

CH;CH; OH

O %y
NHCH,CH;

O e o

L
1L

O

Al

B) I

C) 1II

D) IV

E)V
Answer: E
Type: MC
Section: 17-8
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56) Provide the major organic product(s) of the reaction below.

H 1. CH3CHZCHsNH,, H (cat.)
m 2. NaBH{OAc);

Answer:

H
|

S e
Type: SA

Section: 17-8

57) Provide the major organic product(s) of the reaction below.

o D
\)I\/ H* (cat.)
Answer:

(<

Type: SA
Section: 17-8

58) Provide the structure of cyclohexanone oxime.

Answer:
N
U’ “om
Type: SA
Section: 17-8

59) Draw the two major resonance forms of the cation which results when cyclohexanone's carbonyl
group is protonated.
Answer:

0 7

T

Type: SA
Section: 17-8



60) Conversion of aldehydes and ketones to imines is an acid-catalyzed process. Explain why this
conversion is actually hindered by the presence of too much acid.
Answer: At very low pH, much more of the amine is protonated and can no longer function as a
nucleophile.
Type: SA
Section: 17-8

61) Provide a detailed, stepwise mechanism for the acid-catalyzed condensation reaction between
benzaldehyde and methylamine.

Answer:
+ 0 '/'{111
O T N & ceNg, QA H
)K - - r )vN\
e #
Ph H Ph H Ph H 3
~CH; H.+ CH: e
N i AN &O P H+
)k -H )‘k H20 )il HCH;  transfer 1
Ph H Ph H P H
Type: SA
Section: 17-8

62) Provide a detailed, stepwise mechanism for the acid-catalyzed condensation reaction between

cyclohexanone and HpNOH.
~~H
(\ Jrs
N
“oH
NOH '
transfer
H20

Answer:
v+ { NiOH

Type: SA
Section: 17-8

63) Provide the major organic product of the reaction of aniline with 3-pentanone.
Answer:
Ph

!
N

H \)_I\/ =

Type: SA
Section: 17-8



64) Propose a plausible mechanism that would explain the following conversions:

, CH;. O, _CHg
a) CH3JLlH i \I/ Y
O.. O
CHs
i
O = CH:N—NH©
o Q) D) -
Answer
0 Q-H O O
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|
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+
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H
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HI
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©H+ +H+
+
£ H 20H
CH=N—NH—@> = % @:_EENH—@ = S
@’ -H = NH
Type: SA

Section: 17-8



65) Which would be more appropriate as the reduction in the following sequence, a Clemmensen or a
Wolff-Kishner? Explain.

8]
cHO 1. HOCH2CH,OH (1 eq), H' _ _CHO

ol
‘ 2. reduction
SN 3. HO'

Answer: Wolff-Kishner. The acidic conditions of the Clemmensen would remove the protecting group
causing reduction of the aldehyde as well.

Type: SA

Section: 17-8

66) Provide the major organic product of the following.

/ﬁ}/\ CH,CH,NH,, H (cat.)
O

Answer:
M
\/

Type: SA
Section: 17-8

67) Provide the structure of the hydrate of cyclopentanone.
Answer:

HO OH

Type: SA
Section: 17-9



68) The compound:
@)
HOCH»CH»CHpCH»CH

can form a hemiacetal by reacting with itself in solution. What is the structure of this hemiacetal?

HO H HO OH
L E :’j I11.
I /OH
) V. CH,CH,CH,CH,CH
"OH
V.  CH,CH,CHOCH,
H
Al
B)II
O III
D) IV
E)V
Answer: B

Type: MC
Section: 17-10

69) Provide the structure of the diethyl acetal of butanal.
Answer: CH3CHpCHCH(OCH2CH3)2
Type: SA
Section: 17-10

70) Provide a detailed, stepwise mechanism for the acid-catalyzed reaction of 2-butanone with ethylene
glycol (HOCH2CH2OH) to produce an acetal.

Answer:
10 ’_‘\ +/H
\)-g HO-~OH
H
o Q{')._ H transfer .Jrr) .
—_—
> 3o Hw ~—"“oH
OH
:5 T et
L \_)I%\/ -“H;O
I ot X
O 0. —H . 0 (o]
L S o
Type: SA

Section: 17-10



71) When HOCH»CH»CH>CH>COCH»CH»CHCH2OH is heated in the presence of an acid catalyst, a

reaction occurs. The product has the formula CgH1607. Provide the structure of this product.
Answer:

O
O

Type: SA
Section: 17-10

72) What is the major product of the following reaction?

] CH
g + O/{E}a:ess} L 7
OO ™
OLQH
OH

OO= ¥ Fiq

1IT.
O
Al
B)II
C) I
D) IV
E)V
Answer: C
Type: MC
Section: 17-11



73) What sequence of reactions would best accomplish the following conversion?
0 0 OH )
Il ? |l
CH3CCHpCH —— CH3CHCH2CH
A) NaBH4/H30+
B) HOCHyCHyOH/H+; NaBHy; H+/HoO
C) KMnO4/HO-; heat
D) LiAlH4/H30+
E) Hp/Pt; PCC
Answer: B

Type: MC
Section: 17-11

74) Propose a sequence of steps to carry out the following conversion.

O OH
R 2.
(IS = ()

Answer: 1) HOCH>CH2OH, H+
2) NaNH»
3) CH3I
4) H30+
5) NaBHy4 or LiAlHg4
Type: SA
Section: 17-11

75) Propose a sequence of steps to carry out the following conversion:

O

HO CH,
.
CHO CHO
Answer: 1. HOCH>CH>OH, H+
2. CH3CH>CHpMgBr
3. H30+
Type: SA

Section: 17-11



76) What carbonyl compound and what phosphonium ylide are required for the synthesis of the following

alkene?
<:>:CHCHECH3
O
I CH}(L_!CHJ + <:>:P(C5H5]3 11N <:>:O + CH;CH,CH=P(C;H:s);
0

I
I CI'IjCHZ(EH + C}P(CGHSB

Al

B)II

C) 1II

D) II or III

E) I, II, or III
Answer: D
Type: MC
Section: 17-13

77) Which of the following synthetic routes works best for preparing 4-octene?

A) CH3CH»CH»CH=PPh3 + CH3CH>CH>CHO
B) 4-bromooctane + NaOCH3
C) 4-bromooctane + KOC(CH3)3
D) CH3CH»CHCHpMgBr + CH3CH2CHCHO
E) CH3CH»CH=PPh3 + CH3CH>CH>CH>CHO

Answer: A

Type: MC

Section: 17-13

78) Give the products obtained from the following Wittig reaction. Show both stereoisomers.

8]

Il Ph H

CCH,

+ Phe—p=C_—> ?
CH,
Ph

Answer:

CH; H CH; CH;

©>2<Cﬂ3 wdi ©_>=<H

Type: SA

Section: 17-13



79) Provide the sequence of reagents by which a phosphonium ylide can be prepared from 1-

bromobutane.
Answer: 1) Ph3P

2) butyllithium
Type: SA

Section: 17-13

80) Provide the major organic product(s) of the reaction below.

1. PhsP
MBT - -

2. BuLi

3. 3-pentanone
Answer:

o iy

Type: SA
Section: 17-13

81) Which enantiomer is formed from attack of a methyl Grignard reagent on the si face of benzaldehyde?

Al

B) II

C) I

D) IV

E)V
Answer: A
Type: MC
Section: 17-14



82) When camphor undergoes nucleophilic attack by CH3CHpMgBr, the major product is the one in

which the Grignard reagent has added endo. Explain the stereoselectivity observed. Which face of the
carbonyl carbon, re or si, was attacked?

1. CH;CH,MgBr

i i OH
2. H3O
O CH-CHz
Answer: The Grignard reagent attacked the more sterically accessible si face of the carbonyl carbon.

Type: SA
Section: 17-14

83) What reagent(s) would you use to accomplish the following conversion?

- OH
?
O (X =

A) CH3Br; H30+
B) CH3MgBr; H30+
C) (CH3)7CuLi; H30+
D) CH3Br; LiAlHy4; H30+
E) LiAlH4; CH3MgBr; H30+

Answer: B

Type: MC
Section: 17-16

84) What reagent(s) would you use to accomplish the following conversion?

CH-

O o O
Xy —

A) CH3Br; H30+

B) CH3MgBr; H30+

O) (CH3)>CuLi; H30+

D) CH3Br; LiAlHy; H30+

E) LiAlH4; CH3MgBr; H30+
Answer: C

Type: MC
Section: 17-16



85) In carbon NMR, the carbon atom of the carbonyl group in aldehydes and ketones has a chemical shift
of about:

A) 20 ppm.
B) 40 ppm.
C) 60 ppm.
D) 120 ppm.
E) 200 ppm.
Answer: E
Type: MC
Section: 99

86) In the proton NMR spectra of aldehydes and ketones, the protons bonded to carbons adjacent to the
carbonyl group typically fall into which of the chemical shift ranges below?
A) 1.0-2.0 ppm
B) 2.0-3.0 ppm
C) 4.0-4.5 ppm
D) 7.0-8.0 ppm
E) 9.0-10.0 ppm
Answer: B
Type: MC
Section: 99

87) Propose an IR frequency that would distinguish between the following compounds:

Q 1
Il
CH,CH H,CCH;

I I
Answer: Compound I shows a C-H peak for the aldehyde at ~2700 cm-1, while compound II shows a
peak at ~1380 cm-1 for CH3.
Type: SA
Section: 99

88) Identify the compound whose molecular formula and proton NMR spectra are given below:

C15H140; a) triplet, at 2.1 ppm (2H)
b) triplet, at 2.4 ppm (2H)

¢) multiplet, at 7.9 - 7.2 ppm (10H)
Answer:

® @

@—cmcmc@

(e) (e)
Type: SA
Section: 99



89) An unknown compound (A), C1gH|20, gave the following proton NMR data:
(a) triplet, at 1.0 ppm (3H)
(b) quartet, at 2.4 ppm (2H)
(c) singlet, at 3.7 ppm (2H)
(d) multiplet, at 7.2 ppm (5H)
Propose a structure for (A)

Answer:
d O
@D @ o) @
CH,CCH,CH;
Type: SA
Section: 99

90) By which single-step process can benzene be readily converted into acetophenone?
Answer: CH3COCI, AICI3 - a Friedel-Crafts acylation reaction
Type: SA
Section: 99






