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8 For which pair of compounds can the members be distinguished by means of Tollens’ test (the

1 Which compound on reaction with hydrogen cyanide produces a compound with a chiral centre? use of a solution containing Ag(NH,)5)?

@ CH,CHO c.)(‘\ @ CH,CHO and CH,COCH, v~
B CH,CH,COCH,CH, \‘\5( ';EC -CN B CHiCOCH; and C;HsCOCH;
¢ CH,CO,CH, \‘4 C CH3;COCH; and CHsCO,CHs
D HCHO D CHsCO,;H and CH;CO,CH;

4 Ethanal may be converted into a three-carbon acid in a two-step process. , ) : ) N s , a0
9 Compound P displays cis-trans isomerism and gives a red-brown precipitate with Fehling's

Which compound is the intermediate? solution.
A CH,CO,H B CH,CN C CHCH,.CN (D CH,CHOH)CN What is P?
X o 2 S
\ \
A B
he-C—H — uffc—wﬂ
> ! i CH,CHO H COCH;+
5 Burnt sugar has a characteristic smell caused partly by the following compound. It has two cC=C CcC=C
functional groups indicated by Q and R. A 74 Ny
H CH, CH, H
Q\_H‘ /FI
CH;—C/CHO)
When this compound is tested in a laboratory with 2,4-dinitrophenylhydrazine and Fehling's reagent, C @
which functional groups are responsible for positive tests? 4 \/
H CH, CH, H
2,4-dinitrophenylhydazine | Fehling's reagent o e o o
/C—C ey e
A QandR v~ QandR H CHO H cHO V~
B R only QandR
© QandR v~ R only v~ |
D Q only R only oy ,\w\\v\ / AW /,&%%96,

6 The product of the reaction between propanone and hydrogen cyanide is hydrolysed under acidic

conditions.

What is the formula of the final product?

A CH,CH(OH)CO,H
B CH,CH,CH,COH
C (CH,),CHCONH,

®) (CH,),C(OH)CO,H

oM

\
e - C-cHy, 5 ¢

l
CN

o1

*;’C“b

\
ceob

10

Compound X changes the colour of

CI ified

ichromate(VI1) from

of X reacts wnthzmolof__,hl_(g} &e}vsge/[( 9

What could X be?
A CHSQ{}GHEC{\ECHE
B CHsCH,CH;CHO
C  H,C=CHCH,CHO ehne
(D) OHCCH.CH,CHO

n. 1 mol



12 Glycol, used in anti-freeze, has the formula HOCH;CH,OH. It can be oxidised to give a number of

oroducts 20 The first stage in the synthesis of antipyrine, a drug used in reducing fever, is the reaction

Ol‘ C c RO between compound P and phenylhydrazine.
What is the molecular formula of an oxidation product of glycol that will not react with sodium?
® C:H0; B C:H0; C C:H.0, D C:HO; CH,COCH,CO,CH,CH, + QNHNHz — Q
P phenylhydrazine

What is the product Q of this first stage?

17  Ibuprofen is an anti-inflammatory drug.
A CH,COCH,CONH
(CH,),CHCH, @ CH(CH,)CO,H

What reaction would lead to its formation?

_CH, C CHSCDCHECDONHNHE
A (CH,),CHCH, @— C + hot concentrated KMnO,
(¥ cn,
8) v/(CH,),CHCH, @— CH(CH,)CBOVY  + warm acidified K,Cr,0, |

CH,CCH,CO,CH,CH,
C  (CH,),CHCH, @ CH(CH,)COCH,

+ warm HESDq{aq)?L | e B R
22  Apples, the fruit of trees of the genus Malus, are rich in malic acid. Malic acid may be synthesised
D\A in the laboratory in two steps.
)
J ) step 1 step 2
D CH,=C(CH,)CH, ‘j/il',’}lCQCH3 + H,/Pt catalyst NCCHszH.’ - X = HO,CCH,CH(OH)CO,H
cn malic acid
CH%
Which reagents could be used for this synthesis?
: s g : o : step 1 step 2
19  Which alcohol may be oxidised to a Emduct which reacts with 2 4-dinitrophenylhydrazine reagent
but not with Fehling's reagent? A HCl(aq) HCN(g)
A butan-1-ol \° @ HCN, NaCN(ag/alcoholic) H-S0s(aq)
butan-2-ol 9° c H,S04(aq) K,Cr,07/H,S04(aq)
C 2-methylpropan-1-ol |’ D |  KCN(ag/alcoholic) HCl(aq)
D 2-methylpropan-2-ol }°



Hept-4-enal is present in cow’s milk. (f "\‘ 33 The naturally-occurring molecule civetone is found in a gland of the African civet cat and has

CH1CH,CH=CHCH,CH,CHON been used in perfumery.

hept-4-enal P i
we  ch, oS
What is formed when hept-d4-enal is reduced with either hydrogen and a nickel catalyst or | —0
sodium borohydride? H,C 7 ot
\CH CH, lk@}O
(R) with Hy/Ni  CHy(CH,)sCH,0H 1~ | Weore |
B withHy/Ni  CHy(CH,)sCHy X HC_ P
C  with NaBH,  CHy(CHy)sCHOH ¢, 1{|:'-|2 HZT
D with NaBH; CH3(CHz)sCHO —¢_ HZC\ /,,GHZ
cH,
civetone

Carvone gives the characteristic flavour to caraway and spearmint.
With which reagent will civetone not react?

0
CH, A  2.4-dinitrophenylhydrazine reagent v’
N
H.C o Fehling's reagent <&
3 ‘\-,.‘_‘h l\'\
2C op © C hydrogen bromide
o7 A~
CH, D sodium tetrahydridoborate(Ill) (sodium borohydride) \/
canvone
Prolonged heating of carvone with hot concentrated acidified potassium manganate(VII) 42 A compound Y is treated with warm acidified potassium dichromate(VI). The resulting organic

product gives an orange precipitate with 2,4-dinitrophenylhydrazine reagent but does not give a

produces carbon dioxide and a compound X.
silver mirror with Tollens’ reagent.

X contains nine carbon atoms and reacts with 2 4-dinitrophenylhydrazine reagent.

What is Y?
What is the maximum number of molecules of 2 4-dinitrophenylhydrazine that will react with one T _7 /)\&2}"3%6
u - =i

molecule of X7
5 % B 2 @ 3 B A @ butan-2-ol \/
C butanal = (oo"\

D 2-methylpropan-2-ol 3 Au}‘\
36 Tartaric acid is present in some wines. It may be synthesised in the laboratory in two steps.
do o)

s step 1 step 2
@HCCHE —— » intermediate —— » HO,CCH(OH)CH(OH)CO,H

[
N¢ enN tartaric acid

Which reagents could be used for this synthesis?

step 1 step 2
A HCI(aq) HCN(g)
@ HCN, NaCN(ag/alcoholic) HzS0s(aq)
c H,S0.(aq) K.Cr,0;/H,S0,(aq)
D KCN(ag/alcoholic) K2Cr:07/H:504(aq)




47 In asequence of reactions, ethanal is converted into a compound H.

= H

HCN,NaCN _hotdilute H,SO, CH,OH, heat
GHQCHD = F - G
trace of
conc. H,SO,
oH
What could H be? \ l
— C -V
A CH:CH,COOCH; 7 Ol '
® CH.CH(OH)COOCH, coo C"}b

C CH;CH(OH)OCOCH; *
D CH:;CH(OCH:)COOH £

reaction scheme.

NaEV

CH,(CH,),CHO
Cr,0 Z—M /

What is the structural formula of the ester?
A CHj(CH,),CO,(CH,),CH,
CH;(CHz)2CO3(CH;):CH;

C CH3(CH;)sCO2(CH:):CHs

D CH;(CH;)sCO2(CH;):CH;

92 Compound G

¢ has a chiral centre,

e gives a positive result with alkaline

e does not give a silver mirror with Tollens’ reagent. =2 M

What could compound G be?
A 1-hydroxybutan-2-one Vs
B 2-hydroxybutanal X

C 3-hydroxybutanal )(
® 3-hydroxybutan-2-one

e -c-¢ ~C

Cub CP‘,,C “; CLLOH

+

- ;)3 ail ¢ f, Coo H

e, ol

aqueous iodine,

>

|l\\

\

An ester with an aroma of pineapples can be synthesised in the laboratory from butanal using this

0,0, CHC g

93
-9 o )“A

80 Citral is found in lemongrass oil. It can react to give compound W.

CHO
W an excess of
A H. /Ni
W g
L

citral

What could compound W be?

A

CHO CO,H

hot, concentrated

acidified manganate(VII)
under reflux

COH

CO,H
COH



Samples of the following compounds were labelled A to E as shown.

A CH,CH,CH,OH

B CH,CH,CH(OH)CH,

C CH,CHO

D CH,COCH, M

E CHLCH4CHCH, — cH, ¢ -of

Complete the table below by inserting the letter (or letters) of the compounds that correspond
to each test.

reagent observation letter(s)
acidified potassium green colour obtained
dichromate(VT) on boiling A g 6 . ¢
acidified potassium ethanoic acid obtained '
manganate(VII) on boiling C o E

hydrogen in the presence
of a platinum catalyst My Siogon Ao C'\D-\ E
/

brown-red precipitate
obtained on boiling C

Fehling’s reagent

2,4-dinitrophenylhydrazine orange precipitate C D
9

bromine in an inert

solution decolourised
solvent E

2-Hydroxypropanoic acid (lactic acid), CH,CH{OH)CO_H, can be prepared in a two-stage
synthesis from ethanal, CH,CHO.

(a) In the first stage. ethanal reacts with hydrogen cyanide, HCN, in the presence of an
MaCMN catalyst to produce a cyanohydrin.

(i) Write an equation for the reaction of ethanal and HCN, giving the displayed formula
of the product.

4 J O-H

\ OI | (
bl ot 4 W-c=l —> doc— C -\

I | |

W K C=r

(ii) State what type of reaction this is.

o MNedeopbbe A dehen

(lii) Describe the mechanism of this reaction. oS

0 §- ol  H-C=n
C« ‘ N A <[>H
L S pc-c-0  — | C—c— |
C v \H 3 ( k) |
(13 CN CN
© L 9
:CEN :CEN

[5]

(b) In the second stage, the product from (a) is converted into lactic acid.

(i) Write the equation for this stage.



A student obtained the following results when analysing an organic compound, H.

test

abservation

test 1

relative molecular mass

72

test 2

% composition by mass

C, 66.7%; H, 11.1%; O, 22.2%

test 3

reactions with Br.(aq)

Br, decolourised

test 4

reaction with Na(s)

H.(g) evolved

test 5

reaction with warm Cr,03-/H*

green n:r::lnur nbsenred

L P I /30 7/ IdFide

The student allowed test 5 to go to completion and then investigated the product of test 5

i ke scoh  r A 5 oo om0

reaction with

test6 | » 4 dinitrophenylhydrazing | O réaction

(a) Calculate the molecular formula of H. ~7)

c H o, " ,m.e
S A N | A }.-—— M-

\L U —

@ss% - LTS ) 8T C u*)
g |

Enp gurm)‘ = CH l’\b E&/

(b) What can be deduced about the nature of H by the following tqejts'?

(i) test3 . \' (c>‘\}f""‘\’> AKQ,\@ Q)ﬂ&e’" _jfou
(i) test4q . C°*‘}m")" @(\L,( A@(\o S cM‘OOPG\‘C— “C\g

2]
(e) (i) What functional group would have given a positive result in test 67
(if) What functional group is shown to be present in H by tests 5 and 67
:\ [2]

(d) On testing a sample of H, the student found that it was not chiral.

H did, however, show cis-frans isomerism.

How does cis-frans isomerism arise in an organic molecule?

X misen V&u\ A (C=C \oc,pD S wew} ,«3 @°~l‘}~ ;
) C**LO‘\ l\m 3“6«@3 1 2AfS. ,YMM \n, . e TV loov&
1?(‘0"\9‘\“’“60 ‘“'Q» omefs eXisk, . B

(e) Use all of the information above to draw labelled, displayed formulae of the
sterecisomers of compound H.

i\ H Vo
\ /F) s L‘
N - C ‘C__o_|_\ “" C\ /
C c M (. = C,\ 3
/ / ¢
H u H ™ ~o-W
s

(2]



Compound Z, an organic compound with three functional groups, has the molecular In parts () and (f) you may use R— to represent the part of the molecule that does not

formula C,H.O,. The functional groups can be confirmed by the following tests. react.
(@) Test for the first functional group. (e) What is the organic compound formed by the reactions of Z in each of the tests in (b)?
Z decolourises aqueous bromine. with sodium 1 ?«
: . : : C d) = C - C, — C -
What functional group is shown to be present in Z by this test? | N |
. et ON, 7]
MxKe/\ex [1] s ~dogadil d ?1
cY), o C— >~ cCc~ v
(b) Tests for the second functional group. 2 | c\)
o— & — %" [2]

Z reacts with sodium to give hydrogen and a solid compound of formula C,H.O_Na. () Draw the structure of the nrgani?mpaun d formed by Z in each of the tests in (c).

When £ is heated with ethanoic acid and a few drops of concentrated sulphuric acid, a : . °

sweet smelling liquid of molecular formula C.H. O, is formed. with Il Fcgert \ Y
cd, = ¢ —Ch, —C707

What functional group is shown to be present in Z by these tests? > = x

(

oxmt’\o\ (1] OW

- - MHNH,
(c) Tests for the third functional group. Gt @ ey ihycrazings NO,
A few drops of Z form a yellow/orange precipitate when added to
2 4-dinitrophenylhydrazine reagent.
25 NO, NO,
When a few drops of Z are warmed with Tollens’ reagent, a silver mirror is formed.
What functional is shown 1o be tin Z by these tests? W N O—_N“N\)’z
at functional group is shown to be present in Z by these tests? Cl,'l) - (f — C L, - C= \

a\?)‘aé [1] oH

(d) Z does not show cis-frans isomerism.

[2]
Draw the displayed formula of Z. A (@) But-2-enocic acid is an isomer of Z which shows cis-frans isomerism.
H © | q\ Draw a displayed formula of the cis isomer of this acid.
( 1l
. c -~ C-c-H
WC —c-c —c—H & Y= | N pr
l | Czc
o & H H \
W- ¢ “ Cr-.:o
[
[2] 3 o
lll [2]



6

Commercial paint and varnish removers contain a mixture of dichloromethane, CH,Cl,, and
methanol, CH,OH.

(a) What would be cbserved when the following reactions are carried out?

In each case, give the name or formula of the reaction product which is responsible for

the observation you have made.

(i) CH,CL, is reacted with NaOH(aq) and AgNO(aq) and the mixture left to stand.
observation w\v\'effwe\\'v\}efgﬁm
product responsible Aacﬂ

(ify CH4OH is mixed with PClL..
observation 5\'€M“’3€)m0>
preduct responsible HC/Q
(iiiy CH.OH is reacted with sodium.
observation CW@H@N—@A\CG

product responsible .......... u ginG e R e R Sl
[6]

(b) When CH.CL, is heated under reflux with an excess of NaOH(aq), a compound W is
formed.

W has the following composition by mass: C, 40.0%,; H, 6.7%; O, 53.3%.

Use this information and the Dalta Booklel to show that the empirical formula of W is

CH,0.
c H o Eug bl = O

n. Mo 6T S35
2 I¢

(3B 6T  3.331):3.33] "
= | . 2 B J

(c) Compounds with the empirical formula CH,O can have the molecular formula C.H,0..

Two possible structural formulae for compounds with molecular formula C.H,O, are
HCO.CH, and H,C=C{OH)..

In the boxes below, draw displayed formulae for three further structural isomers with

the molecular formula C.H,0.. o
!
Do not attempt to draw any structures containing rings or O-0 bonds. H lC o—C u
otd >
|
A ol q o o I,SE = C
y b Y Y
cl, -c-o-H c=¢ H=C-c-¥ . ©
S | ) J X g
H © C ]’) 3~ C -0 -
X Y Zz
[3]

(d) Identify which of your compounds, X, Y, or Z, will react with the following reagents.

In each case, state what you would observe.

(i) solid NaHCO,

compound X

ohservation CQ(’&(‘!esC@MCC’éCO;’(b

(ii} Tollens' reagent

compound Y
observation 5‘\“6/(?(60;,{(\\'0\\'3
[4]
(e) One of the three compounds, X, ¥, or Z, shows sterecisomerism.
Draw displayed, labelled structures of the sterecisomers of this compound.

do H Ho oH
( \ ‘ \
CzcC C= C
1 l ] ‘ 2]
h ol W H

} (o>



The two compounds V and W are isomers with the molecular formula C,H,0, and show the following
properties and reactions.

s Both compounds react with sodium metal, and both decolourise bromine water.
= Compound V forms a yellow precipitate with alkaline aqueous iodine, whereas compound

W does not.
* When reacted with cold KMnO,{aq), both V and W produce the same neutral compound

X, CH,,0,.
« Both V and W exist as pairs of stereoisomers.
(a) Suggest which functional groups are responsible for the reactions with
(I} sodium,

B

(ii) bromine water,

(b) Suggest structures for V and W.

ott W H H
\ \ |
ujc_{,—- C=c¥, We - C=c - cHo
1
L) W

[2]

(c) State the type of stereoisomerism shown by compound V and draw the structures of the
stereoisomers.

type of sterecisomerism e.?l'\(ﬂ& .........................................................................................

structures of sterecisomers

C\*‘ ot
l
u C_’c ‘\\\c,\'}(,l—‘» ]v‘ On»)_clu, C, _ CL\
3 3
> A
a H
isomer 1 isomer 2
[2]
(d) Suggest the structure of the neutral compound X.
Ho oo
| {
H(-¢c-c -U‘])p“
R) l (
od oh
X
[1]



