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QUESTION ONE
(a)

2-chlorobutane exists as enantiomers (optical isomers).

CH,-CH,- CH-CH,
!

Cl
(i) Draw the enantiomers of 2-chlorobutane in the box below.
|

4 ’\ H

| !

s : C

| L /

BsC-Ma ™ | MCUg C 7,
4 - = | ha

Cl ‘ C

(ii) Explain why 2-chlorobutane can exist as enantiomers.
2 -Chioro buitine Can exist a8 enantionics o «e /o
fhe presence  of  an OSymmernc Ccovioon — o

arben  wifia b o s rfGoi~e/
o My Nalkeng = Chiral:
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(iii) Devise a reaction scheme to convert 2-chlorobutane into butanamide.
y
CH-CH.~CH.- C\ butanamide
NH

2

For each step include:

. the reagents

. the structural formula of the organic product after each step.

2 -Chiorobutane
CHQ—(;H 'C-Hg_— CHE,
Ry

J] kK CH (aq)

Chsz - ":H = CHy ~ CH‘3 e
oH
[CH.?SOH

CHa =C w1 ~ €t ~CHy \
g
(miner procuct )

CHa-CH =CH ~ CH3

bt -2 -ene
HZOIH*’ (“"‘EJ“( prod ucr)

spraain,

'C""l s CBs - ~CHg
OH
butan- 1-61  (mmoer product)

Crﬂ‘Ofﬂ'-fH’
heat wunder YCL U

(@]
1/

ClHg-CH- ~CH,-C
ey
butrcnoic cco "

©
\_0 1"
cNH3 (Heg-CHy - CH, ~C

4nen heat S NH,
Sal+ butangm aé

butcn-2 -\
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Polylactic acid (PLA) is a polyester with various uses, including medical implants, tissue
engineering, and 3D printing. It is made from lactic acid, shown below:

(b)

0
v
HO-CH-C
OH

1 \
CH,

(i)  In the box below, draw a section of the PLA chain to show THREE repeating units.

[ {4 0] [ (o] S o}
! i l : 6c . *é
o O‘ 'C 5 C -D “Q i C’ \
CH3 Chs Cllg n
L

Identify and explain the type of reaction occurring to form PLA.

This 13 0 condensatton mtgr‘her&aﬁmm
monomers o fegetnesr to cCrecue LiPEg- A longPr
polynes Choun, and one #a10 polecue (s

producesl / celased per esr mk (on ok Fon
coo (4 ono o H  {rownn CO/‘/J hence CorarrSCem .

(ii)
as Smnai
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(c) Below is the structural formula of a dipeptide:

H o
rgn-é é—ﬂ é—COOH
CH\_H/ CH,

COOH

(i) Circle the amide (peptide) linkage on the dipeptide above.

(i) The dipeptide can undergo a chemical reaction to form the following products:

H o
wgm~¢—coon ﬂgN—é—COOH
CH, CH,

COOH

Identify and justify the type of chemical reaction that has occurred to form the above
products. ﬁﬂ'

This 1S aciae nydroysis: Hydrayse reoctionrs gplit  Ihe
dpeptide at +the amide Imie usng one 20 mopeuf
o _formm 2 arune acids. AN OH IS aaaed to C=0 ts
R C-on, ond an k 5 coded +o N-H joform Ny .
Onder 0Colic conditiors, (1€ US‘W\g il HS0WD » @ the
NH2 ' protonoted 40 form NHa" , as indre

AMNG acids Shown apove . X The reactions
reguiwre ol Mg acol, anc! hett imaer i,
(ili) Draw the structural formulae of the organic products formed when the dipeptide is heated
under reflux with sodium hydroxide solution.

L
I ’;’l ,r(o
HaN — C - Coo™*Nna HaN-C —€ -o-tpj,
I
CHs 'CHZ.
/
€00 fNa
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QUESTION TWO
(@ (i) Complete the table below to show the structural formula or the IUPAC (systematic) name
for each compound.
Compound Structural formula IUPAC (systematic) name
{
A C H3-O - C-ChHy~CW= methyl propanoate

pen+an-3-one

£ ~CH (M~ C'Hg
# 1
@ OH

o]
B i
CH,- CH,- C~CH,~CH, 42
y
C CIIHZ—CHZ— C\ 3-chore propanal
Cl H
7
D 2-hydroxybutanoyl chloride

(i) Draw THREE constitutional (structural) isomers of Compound C that contain a carbonyl

group (C=0). CzksOCI
0 o
It 71 T
GHa CHg - & CHy - ¢ - CH, CHg-Ch - €
U ! ! N
cl Cl H
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(b) Complete the flowchart below by drawing the structural formulae for Compounds A, B, C, D,

7

and E, and identifying Reagents 1, 2, 3. and 4.

OH
|
CH,-CH-CH,

conc. H,S0O,
heat

Compound A

C"‘z = CH "C'HS

Reagent 2
H,0 /H* / \

Wm HCl (g

Compound B

o

i
CH3z- CHa - CH,

Compound D

v

CHS-CHQ"CHz'C|

Reagent 3

NH3 (aic)

CH,-CH,- CH,~ NH,

Compound C

1
CHz (H2 ~-C .

Reagent 1
Cr207% /Ht
headt / refiux
o Compound E
ohn el

l H,S0,(aq)

2= OR

CHZ ~CHy = CHa - N Hat

Reagent 4
Ha O /H+

heot freflux

7
CH,~CH,-G H

o)

N\
CH,-CH,~CH,
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(c) The following table lists the structural formulae for six different organic compounds.

+0
1 CH,- CH,-CH,-CH,OH 2 CH,~CH,-CH,~ C“H
40 /,O
3 CH,=CH-CH,-C 4 CH,-CH=CH-C
*H ~Cl
-0 o)
s CH,~CH.—CH,-C 6 i
H3 2 2 ~cl CH2=CH"C"CH3
(i)  Choose the appropriate organic compounds from the table above to match the observations

recorded from chemical tests. Enter the chosen compound number in the table below.

Observations from chemical tests SCompoun)
number

Heating with acidified potassium dichromate, KZCrz()T(aEJ)/ H", causes

the solution to change from orange to green. : e G

Heating with Tollens’ reagent does not produce a silver mirror.

Heating with Fehling’s reagent forms an orange-red solid.

Mixing with potassium permanganate solution, KMnO,(ag). causes the 3

purple solution to decolourise and a brown solid to form.

Mixing with bromine water, Br,(ag), results in steamy fumes, and the

solution changes from orange to colourless. A

(ii) Justify your chosen structural formula for each of the three compounds.

Your answer should:
. relate the observations to the functional groups identified
. identify and explain the types of reaction involved.

m’«“ The fivst Ccompowror rIusSt Fave-tm FC a
keirone, OS these  Cannol  Awther oxidee, TAUS AO
helr— realr  wirh Teouen's reqgent The must ke
compounol . 6- Compounal & aiso has an alkere

Qnchora groue. Gllow:sng it o Oxso0EC e Tl~

dichromase. o protwa Q
Yheot 4  Aacea oo P

diol , ana Fuming LG dickromore Erum
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Lones ) Wnith palrS men  @€< +pe acd
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WRe9e ¢ stubrtrre 1O reapor
procdue e o corborylic c.{(‘(ddf @feﬂmj
whte Feimer OF ) G
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QUESTION THREE

(a)

A student followed the procedure outlined below to prepare a pure sample of ethyl propanoate in
the laboratory:

Step 1: Add propanoic acid, ethanol, and concentrated H,SO, to a round-bottomed flask.
Step 2: Heat the reaction mixture under reflux for 30 minutes.

Step 3: Add sodium carbonate until the bubbling stops.

Step 4: Add water and separate the layers.

Step 5: Add a drying agent to the organic layer.

Step 6: Distill the organic layer to purify the ethyl propanoate.

(i)  Describe the function of the concentrated H,8O, added in step 1.
Provides ac @lc  conamons so  dhar the  propancic a <t
£ tre errdnel k. Undevgo d ropid condersaten,/
eSHrIcat1ion ayheve  Qia Ho O motccu € (S
ren ovel

(ii) Give TWO reasons to explain why the reaction mixture was heated under reflux in step 2.
(1) Heowng the reoctOn unoker  reflua speeds P
e mak of peacton ond EVEUNCS dhe rec ot n
(s gone f compehon - Volatile chem s That Voporse
are corderged anct Cvop back  te T flek  Via graviy
so thaxr cune proaucts are fuly reacresd -
Q) Mse  increqses The yrelol & the fmt/f-!(.’% (24N
W enurer pet ppo rEACIBI Or proOuck
0 oSt et oOlle <o VOporicat@w—  and  dne
obBr Yew ok he produls nXEeEes.

(iii) Wl'\ly was sodium carbonate added in step 37

WLMU(C( The Sodtum carbonare

FeactS wHhn the HaS0, m an acd- base recaron t©
neurvalise the Sompe & produg Pa+ec fa pewrom

Sa\-
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(iv) Explain how distillation was used in step 6 to purify the ethyl propanoate from the organic
layer.

Your answer should refer to relevant boiling point(s) from the table below.

Compound Boiling point / °C
Propanoic acid 141
Ethanol 78.3
Ethyl propanoate 99.1

Osruiethion 1s used 40 separafe (purt@_) a JSUOSfarre
\ahom a4 Mixture: AS dhe mixtwre IS pheored, e
elm pourel wuh <ne lpwest bp win APOIsEe Ars &

oA enter dhe conolenseor- ¢ V anO!c_
Vv@ s !
f S NO| eyl propon OcHE Q¥R
ATZ5exn @’ o’ HyeY. Hhs The organc

loyey s dictiled , {he ethanol will  vopor se
Arst & enmtr hhe conoensScr, where 1+ 1S
CON®rge ot kree pyAo o jiquiad F HTRoeal
feails mto o sepavorre Pase . Efhano/ pas

0 mwerbp of 78-3_  so qQll €€ ¢re erbhaneq
It pe lemoved  pepore 1Pe {)ﬂry/ Propan o

leavunyg oOwnty ey proponoase (A e \FrIEA

ProPONO | Qcyg e Close The. . ¢ I ameA) 63

2/ Ten /e peot A0, VOPOTISR 1he @yl prop awhom*e
| « A~ |0 A b./o P Yof ol oc

(] P,

will remaivy /N Tle vﬁlGJk; frus puw@/n7
-

Oh"ﬂ tthael  and  ethyl proporemnce ; ;
Question Three continues
Wil be preseer I1h T eorparit ( )

on the next page.
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(b) (i) Consider Compounds A, B, and C, shown below:

Compound A Compound B Compound C
0 CH, o
4 CH,~-CH-CH.— NH P %y
CH,~CH,~C v CH,-C-C
cl H NH, H

Choose the ONE compound that has ALL the following properties:
. cannot exist as enantiomers (optical isomers)

. forms a silver mirror when heated with Tollens’ reagent

. turns damp red litmus paper blue.

Compound (A, B, or C): (&

Explain your choice.

Compounct ¢ oloes ne+ confan g CHira/

eurbe (mrbaw witg & oAsfleres7’ Froyer

aticredl)  olue o e wo methyl (Chs)

orower OIFG cLiod #0 ., SO 1T canndt

FPorpn @triomers -

Compeunnat. C Gice hot 0n Qlachyae § oty

wWhich 1€ qQble po fxcdise WH Tolten 'S T

Guvm o Nivev pyrrror. __

W oo for a0 ODine proup QifQa-E 2 K
barre

grung \t bodie prop—aties ancl  fuuc 1t

con undeqo an 0cwol - pore  reaction Dtz
A anot  Aunn dewmp  redt  lmwr bl wl:

dannot  be  compourd A he
A Chiral carbon -
Conret loe Compolra B 08 B QnneT

realct Wih TTollen's reagent o Grm A
SUuer ymucror .

+ contairc
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(i) Draw the structural formula for the constitutional (structural) isomer of C sH,OCI that has
the following properties:

. exists as enantiomers (optical isomers)
. branched carbon chain
. produces steamy fumes upon addition of water.

Dlls Oy - (CH o

tHs

(iii) Draw the structural formula for the constitutional (structural) isomer of C ,H.OBr that has
the following properties:

. exists as cis-trans (geometric) isomers
. straight chain arrangement

. causes a colour change of orange to green when heated with acidified potassium
dichromate to produce an organic product that does not react with Benedict’s
solution.

(B = 8 —CH & SHs
\
By é)\-%
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