Polymers (Part 2) — Reactions of Functional Groups - Tutorial

Alkanes

1 Xand Y have a molecular formula of C4H9Br. Both X and Y can be formed from butane by the following
reaction.

CH,CH,CH,CH, — X +Y

(@) State the type of reaction undergone in the above reaction.
Substitution

(b)  Suggest reagents and conditions necessary for the above reaction.
Limited Br,, UV

(c)  Suggest the structural formula of X and Y.

Structure of X: Structure of Y:
H Br H H H H H H
bbb R
L b
(or CH3CHCH,CH; ) for GHACH,CH,CH, )
B|r Br

X and Y are interchangeable

2 The complete combustion for alkane to produce carbon dioxide and water is an important exothermic
reaction. Which line on the graph shows the relationship between the number of carbon atoms in the
alkane and the number of moles of oxygen gas needed for complete combustion of the alkane?

A

number of moles C
of oxygen gas

D .
number of carbon atoms in alkane

Ans : B

CxHy + (x + %) ——> xCO2 + % H20

As number of carbon (X) increases, number of Oz required for combustion increases proportionately



Alkenes

3 One of the four isomers of C4Hsg is shown below: H

A H.C=C
N CH,CHs

(&) Draw the other 3 isomers of CsHs.

H\‘c‘:(?/ o H\(?‘:c’/ ) H\\c:c A
H/ \CH3 H3C/ \\CH3 H3C'/ ‘ \H
cis trans
(b) State which isomers are cis-trans isomers.
4 Limonene occurs in oil of lemons and is used to flavour citrus drinks.
CH,
e N
CHjy
Limonene

Give the structural formulae of the organic products, when limonene reacts with
(@)  H2(9)

CHs
HsC— —

CHs
Reduction of alkene C=C to alkane (each C of C=C gain 1 H)

(b) Describe a simple chemical test by which you could distinguish the following pairs of
compounds. State the observation for the test and write equation for the reaction.

CH,
Limonene and Hsc—<:>—<
CH;,

Add Brz in CCly (inert organic solvent). Orange red Brz is decolourised for limonene, but

CHs
HsC
not for CHs
Equation:
Br
CH, CH,Br
// Br
H3C + 2 BI’Z —> H3C Br

CH CHj



Halogenoalkanes

5  The following reaction scheme shows the various reactions which bromopropane undergoes.
I Il
CHsCH,=CH, <— CH3CH>CH.Br ———— » CH3CH>CH;0OH

(i) State the type of reactions for steps | and Il.
Step | : Elimination

Step Il : Substitution

(i) State the reagent and condition for steps | and II.
Step | : NaOH (or KOH) in ethanol, heat
Step Il : NaOH (or KOH) (aq), heat

Alcohol

6 (i) Suggest the structural formula of the product of the following reactions and balance the
equations.

(i) State the type of reaction undergone in each case.

(a) excess conc. H,SO,
CH3(.|‘,HCH2CH3 CH3CH=CHCH; + H,50O

heat
OH

OR

excess conc. H,SO
CHyCHCH,CHs 2 = CH,=CHCH,CH; + H,0

OH heat
Elimination
(b) . @)
acidified K,Cr,05 Vi
CH3CHCH,OH + 2[0] CH3;CHC
| heat under reflux 3 | N + H0

CHs CH, ©H
primary alcohol

Oxidation

C
(©) CH3(|3HCH20H + 60, excess 9; 4CO, + 5H,0

CH3
primary alcohol

Combustion



7 Suggest the intermediates and products formed during the following reactions of 1-bromobutane.
e reaction with aqueous NaOH, heat, followed by acidified KMnOg4, heat under reflux.

e reaction with NaOH in ethanol, heat, followed by Brz in CCla.

Substitution idati
H H H H H H Oxidation H HHO
L NaOH(aq) L Acidified KMnOy4 Ll
H—-c¢—-¢c-—-c—-—-.c—-8BBr ——» H-C—-C—-C—COH —>» H-C—C—C—C—-OH
I I heat I heat I
H H H H H H H H H H H
H H H H Ellmlnatlon H H Addition HHHH
L NaOHin ethanol I Br, I

| \
H-C-CCCH —— » HCCC-CH —— » HCCC CH
H

[ S heat \ in CCl, [ T

H H H Br Br

Aldehyde and Ketone

8 Compound X has the following structure:
CH3CH=CHCH:CHO

(&) Name the functional groups present in X.

0

I
C—H

Alkene (C=C) and aldehyde (CHO, = ')

(b) Identify the type of stereocisomerism exhibited by X and draw diagrams to illustrate this isomerism

exhibited.
cis-trans isomerism (must show trigonal planar around each C of C=C)
CHs; CH,CHO H CH,CHO
C‘;C/ C=cC
H/ \H C/H3 \H
cis trans

(c) Draw the structural formula of the organic products formed when compound X reacts with the
following reagents separately and state the type of reaction involved:

0) acidfied K2Cr207, heat under reflux

Oxidation of aldehyde to carboxylic acid

PETEY PETTT
H—C—C=C—G—C—H —>  H=C—C=C—C—C—OH
H H H H

(i) Haz, in the presence of catalyst, heat
Reduction of alkene to alkane and reduction of aldehyde to primary alcohol

HHHHﬁ) I‘—II‘—|I‘—|I‘—IOH



(iii)  LiAlH4, dry ether
Reduction of aldehyde to primary alcohol

PR P
H—C—C=C—-C—C—H — I—PC‘:—(‘;C—C—C—H
H H H H H

(iv) NaBH4, methanol
Reduction of aldehyde to primary alcohol

PRI R
H—C—C=C—C—C—H —> HCC=CCcCoH
H H H H H

Carboxylic Acid

9  Draw the structure of the organic product(s) that is likely to be formed when a compound, with the
formula as given below, reacts, if at all, with the following reagents. State the type(s) of reaction
undergone (if any) for each reagent used.

O
S
LN,
H H H

(@) aqueous NaOH

N
H H H "‘O—Na*

Acid-base reaction (carboxylic acid is acidic)

(b) Kz2Cr207(aq), H2SO4 (aq), heat under reflux

o | | T 0
\c-—c—c—c//
HO | \OH
H H

Oxidation (primary alcohol oxidized to carboxylic acid)



(c) CHsCH20H, a few drops of conc. H2SO4, heat under reflux
OHH H

O
] V4
H—C—C—C—TC
E (il L | No—CHaCHs

Condensation (carboxylic acid with alcohol to form ester)

(d) CHsNHg, in the presence of DCC

OHH H o
4
ALY
H H H /\I—CHS
H

Condensation (carboxylic acid with alcohol to form ester)

Ester and Amide

10 There are four ester isomers with the molecular formula CsHsO»-.

(@) Give the structural formulae of all these isomers.

o} H H H o} CHsH
H G O C G CoH H G0 C CoH
Hooh HoN
H O H H H HO H
H G C o C CoH HC & & o CoH
g Mok Hoh g

(b) For each of the isomer, state the carboxylic acid and alcohol from which the ester is formed.

7 hor P T nT
L]

H—%—OH + HO—C—C—C—H —> HfoO—?—?—?—H
b HobH

i el T

H—é—OH + HO—C—C—H ——> H—C—0—C—C—H



H—C—C—OH + HO— ‘ —C‘Z—H — FF(\Z*C—O—(‘:—C—H
' H H H H H
P ) !

MG C G OH + HO—C—H  ——> H=C—C—C—0—C—H
Mo g Mo g

11 Give the products for each of the following reactions.

(@ CHsCH2C02CHs, HCI(aq), heat

heat under reflux
CH3CH,CO,CH3 + H,0 _— CH3CH2COOH + CH3OH

Type of reaction: Acid hydrolysis

(b) CHsCO2CH2CHs, NaOH(aq), heat
heat under reflux

CH3CO,CH,CH; + NaOH —— »  CH3;CO,Na* + CH;CH,OH
Type of reaction: Alkaline hydrolysis
(c) CHsCH2CONHz, HCl(aq), heat
heat under reflux .
CH30H2CONH2 + HCl(aq) + H20 _ CH3CHchOH + NH4 Cl-
Type of reaction: Acid hydrolysis
(d) CHsCH2CONHCHzs, NaOH(aq), heat
heat under reflux

CH3CH,CONHCH; + NaOH(ag) ————»  CH3CH,COONa* + CH;NH,

Type of reaction: Alkaline hydrolysis

12 Suggest the reagent and condition to form the following organic product from the given starting organic
molecule.

T, .10

H



