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2  An organic compound will decolorise dilute acidified aqueous potassium manganate(VI1I) on 8 Which alcohol gives only one oxidation product when warmed with dilute acidified potassium

warming, but will not decolorise bromine water. dichromate(VI)?

What could the organic compound be? A butan-1-ol "

A butane butan-2-ol .~ 2’
ethanol C 2-methylpropan-1-ol |
C ethene D 2-methylpropan-2-ol 3°

D ethanoic acid

10 Compound X

4 Compound X undergoes the following reactions. * has the molecular formula C1oH140;
¢ is unreactive towards mild oxidising agents.
NaOH(aq) / heat CrzOg', H*(aq) / heat
C4HgBr » C4H,0 » C,HgO only What is the structure of the compound formed by dehydration of X?
X
A
What is X? =

@—CHE—CHQ——CH=CH2 @—CHQ—CH=CH—CH3
A 1-bromobutane ——> CJ-‘& CHZC\LCAL@L oW
2-bromobutane

> ¢ Ll&cQPC‘ B W, v

C 1-bromo-2-methylpropane

D 2b & thyl b o7 oW ¥ @
-bromo-g-methylpropane
L) C\l ‘chCll > c \‘ch‘ C|\'\ C"‘)& (|3H3 (|:H3
3 u
3 ¢ @—CH —CH=CH @C=CH—CH
C ‘A’} 2 3
5 The compound hex-3-en-1-ol, P, has a strong ‘leafy’ smell of newly cut grass and is used in
perfumery.
CH,CH,CH=CHCH,CH,OH
P 13 Which compound reacts with its own oxidation product (an oxidation which involves no loss of

carbon) to give a sweet-smelling liquid?
What is produced when P is treated with an excess of hot concentrated acidic KMnO,,?

A propanal
A CH,CH,CH(OH)CH(OH)CH,CH,OH

B CHLCH,CH=CHCH,CO,H cHl yci,C oot
C  CH,CH,CHO and OCHCH,CH,OH
(D) CH,CH,CO,H and HO,CCH,CO,H

B propanoic acid
C propanone

Hooc CL]) Ccoq @ propan—1-ol



FENEERN e e TS B i L e B D SRR 27 Which sequence of reagents may be used in the laboratory to convert propan-1-ol into

Compound Y reacts with ethanol in the presence of a little concentrated sulphuric acid to give 2-bromopropane?

liquid Z. A concentrated sulfuric acid, followed by bromine
What is the formula of Z? @ concentrated sulfuric acid, followed by hydrogen bromide\/ C ‘-L C\’\LC’\'\ ;OH
A CH;(CH,),CH=CHCO;H X C ethanolic sodium hydroxide, followed by bromine \\.
B CHg(CH2)4CHgCOCHECH37( D ethanolic sodium hydroxide, followed by hydrogen bromide % 6{‘(
\
©) CHs(CH,).CO,CH;CH, CH, ¢ Qi

D CHi;CH,CO,(CH;)sCH3%

31 This question should be answered by considering the reactions of KMnO, with different functional
groups under the stated conditions.

The functional group in a primary alcohol is -CH,OH. The diagram shows the structure of the naturally-occurring molecule cholesterol.

H.C,

H,C

%

CH,

Which reagent reacts with a primary alcohol, under suitable conditions, to give an organic product
with the same number of oxygen atoms as the alcohol?

A  ALOs B CH3COzH C HBr @ Na

cholesterol

cholesterol

Compound X reacts with ethanoic acid in the presence of an H" catalyst to produce the cholesterol
compound below.

Cholesterol is separately treated with

2 H H O
o r|:. é (|3 ‘lcl: ” e cold, dilute acidified KMnO,
,C—C—C—C—0 T
— ~ hot, concentrated acidified KMnO,.
T e fus ol e ————
ach What is the change in the number of chiral carbon atoms in the molecule during each reaction?
What is the molecular formula of compound X?
cold, dilute acidified | hot, concentrated acidified
A CHO, B CHeOs C CH:O ©) CiH:0, KMnO, KMnO.
0 A +1 0
I\ '_[
Ue —c-cH,ch, O B i .
Cc +2 0
© w2 N




32 Geraniol is a constituent of some perfumes.
) oV

ey, (‘4)_

T
\x

geraniol

Which statement about geraniol is not correct?

A Geraniol causes hot acidified potassium dichromate(Vl) to change colour from orange to
green.

Geraniol decolourises bromine water.
There are three methyl groups and three methylene (CH:) groups in geraniol.

@ There are two pairs of cis-trans isomers of geraniol. <

38 An organic compound X

e s unaffected by hot acidified potassium manganate(VII),

e reacts with ethanoic acid in the presence of concentrated sulfuric acid.
What is compound X?
A CH;CO,C;Hs
B (CHsCH,COCH;

(© (CH,):COH
D CHi:CH;CHOHCH-

B0 Which alcohol has a chiral centre and can be oxidised to a ketone?
@ pentan-2-ol v~

al, cH,CH, CH cHy
B pentan-3-ol 3 !

oH
C 3-methylhexan-1-ol

D 3-methylhexan-3-ol

67  What is the correct name of the molecule with the skeletal formula shown?

HO
d

. 4 £

A 1,2 2-trimethylbutan-3-ol

B 2-ethyl-2-methylbutan-2-ol 3 ; Y - J} M}LJ ‘\ FGA} prey] -o(

(c) 3,3-dimethylpentan-2-ol
D 4-hydroxy-3,3-dimethylpentane

55 Considering only structural isomers, what is the

number of alcohols of each type with the formula

C-C~C-¢-C -4 P
o#
|
c-C- ¢ —C-cS
ot
\
C-¢Cc -C — < — < ¢
o
%k ‘
C -C -C C-C-C
( (
c C

_c —C-Co\
C Ql o f
[

S

—C

59 What is the major product formed when compound Q is warmed with excess HBr?

CsH4:07?
primary secondary tertiary
A 3 3 2
B 4 2 2
© 4 3 1
D 5 2 1
P
c -C—-C - Co\ C -
(
C
s
€
( —C —C o\
\
C
¥
yC
A
B

Br r
OH
©

Br Br
Br

AN
OH

OH
¢

B 4
OH
Br
Br
D +~
Br
Br
Br



Vitamin A contains retinol. (d) (i) Draw the other cis-frans isomer of geraniol. [In parts (d) and (f) use R- to
represent a part of the molecule.]

C\,})/o 14
OH R /
N\
C - ¢C
/ N
retinol LI C H
3
Under appropriate conditions, acidified KMnQO,(aq) can be used to break apart C=C bonds.
After these bonds have been broken, further oxidation of the fragments may occur.
Under which conditions is the acidified KMnO,(aq) used and what do the final oxidation products (ii)  Explain why geraniol has no optical imm}’j
include? . - «& ‘ J‘D
..... ,‘4)' .oekl\v;"\r\ﬂlz.vs.‘f(w W\‘
conditions final oxidation products 2]
A cold, dilute aldehydes and carboxylic acids
B el it ketones and carbaxylic adids (e) State what you would expect to see if citronellol was reacted with aqueous bromine.
[ hot, mnnenirated/ aldehydes and narbuxylic acids &_‘0\'\@«\, ....... Sﬂ)(M ....... C‘ON\ ............ ’\' \—D ..... CC?BQ’/\OY) ................
@ hot, concentratedy/] ketones and carboxylic acids ‘// [1]

(f) Draw structures of the organic products when geraniol reacts with each of the following

reagents.
Some perfumes and scents of flowers and fruit contain compounds which are structural
isomers. Two such examples are citronellol and geraniol. (i) an excess of H*/Cr,0,2 under reflux
R v
OH H H H H 'GH3 H H H N /
Hé'@%éé o, CH—G—C— G AT
—— = H T E—E—h— H
| 3
| L —_ ] ol of AT
H H CH,H HCZC\ H H H HC=C
H CH C{| CH.OH (ii) ethanoic acid in the presence of an acidic catalyst
3 3 2
citronellol geraniol R N / \%
c=C o
(a) Confirm that citronellol and geraniol are isomers by calculating their molecular formula ) / \CL\ —0 I i
and their relative molecular mass, M. l \SC 2 —C— 3
(i) Molecular formula ....... C .Lo......\’].),.cp... ..................................................................... (iii) hydrogen bromide, HBr (_I
R
(iiy M, G0 15 S st s S A = 2] (

b

b & — C -
)

1
C —
{ (
N L LU\
Tl — fv? o »&L‘J\J (3] (4]

Citronellol and geraniol also show stereo isomerism.

(¢) On the diagram of the structure of citronellol above, draw a circle around a chiral carbon
atom. [1]



Compounds containing the allyl group, CH,=CHCH,- , have pungent smells and are found
in onions and garlic.

Allyl alcohol, CH,=CHCH,OH, is a colourless liquid which is soluble in water.

(a) Allyl alcohol behaves as an alkene and as a primary alcohol.

Give the structural formula of the organic compound formed when allyl alcohol is

(i) reacted with Br,,

cH B¢ —CHBe WOl

(ii) heated under reflux with an acidified solution of Grﬂﬂg' ions.

(,4) -c¥ CO}H

[2]

(b) !Ntf:;an ai:yl alcohol is reacted with MnO, at room temperature, propenal, CH,=CHCHO
is formed.

What type of reaction is this?

u.--«-e&u.-;--au...nu.----a....nn.----.....nn.----a....nn.----aa.;u...---a...;u...---.u.;u...---a...;n...---aa..;n...---....u.....---a.[1]

(c) Allyl alcohol may be converted into propanal, CH,CH,CHO, by using a ruthenium(IV)
catalyst in water.

CH,=CHCH,OH muthenum(1V) catalyst GH_CH,CHO

The reactant and the product are isomers.
What form of isomerism do they display?

(d) Allyl alcohol can be converted into propanal in two steps without the use of a

ruthenium(IV) catalyst.

CH,=CHCH,0H 2®. CH,CH,CH,0H . CH,CH,CHO

What reagents and conditions would be used for each step?

step |

ama

(e) By considering your answers to (b) and (d). suggest what is unusual about the single-

SI-E!FI reaction in (c).

by T8 Q,(Kod\»cefow ______ N*hb«ﬂ,«c&uce& ..... ow&oz(&\“&

(f) Suggest the structural formula of the organic compound formed when allyl alcohol is

(i} reacted with cold, dilute MnO; ions,

cl, —CH CL\J,OH

1
ol oH
(ii) heated under reflux with acidified MnO, ions.
> o

I "
H- o- ¢ Cl—l)_C_—o -H

[3]



Lactic acid, 2-hydroxypropanoic acid, CH,CH(OH)CO,H, occurs in sour milk.
Glycollic acid, 2-hydroxyethanoic acid, HOCH,CO,H, occurs in sugar cane.
(a) Lactic acid may be synthaesised from propana by the following sequence.

step | step |l
CH,CH=CH, —— CH,CH{OH)CH,OH

CH,CH{OH)CO,H

(I} What reagent(s) and condition(s) are usad :53”

condition(s) Co\gqg

" "‘“W“mdo&
[3]

(b) Glycollic acid may be synthesisad from ethanoic acid by the following sequence.

step step IV
CH,COH —= CICH,COH

HOCH,CO,H

(I} Suggest the reagent(s) and condition(s) that are used for step |11.

reageant(s) .. C‘ﬂ

aniont) O \BW"" EEE

(ify What reagents and conditions are used in step IV?

reagent(s) ..... «O\’l (au\, &%A <9
condition(s) .. \\e,ax)’ QADQ( “b"

N

(e) Lactic acid and glycollic acid react differently when heated under reflux with acidified

dichromate({V1) ions.
Draw the structural formula of the organic product in each case.

product from lactic acid product from glycollic acid

CH,co @}\,\ H oC- (_O}\/\

(d) Lactic acid is chiral. Draw displayed formulae of the two optical izomers of lactic acid
clearly showing their three-dimensional structures. Indicate with an asterisk (*) the chiral
carbon atom in each.

|
C\)g | C P 2
l o, | HOLC 14 ‘
H ,.*C, A | C —\
\ | A
oH | He 2)

Glycollic acid and lactic acid each give the reactions of an alcohol group and of a carboylic
acid group. Each compound will react with the other to give an esler.

[(8) Whan one molecule of glvcollic acid reacts with one molecule of lactic acid, it is possible
to form two different esters.

Draw the structure of each of these esters.

() (o)
\ \
C\l C H C—O_H e o -C — CU‘
3 ' 2
o o
[ '(,:-o
=0 !
l Ho—cH
&
cH,oH Lo 2]

Glycollic acid and lactic acid are reacted together to make the material for ‘soluble stitches'
{also known as ‘soluble sutures”) which are used in surgery.

In this material, many molecules of each acid have bean reacted to form a long chain
‘polyestar molecula which contains many ester groups.

This polyester is used in surgery to sew up wounds inside the body.

Owver a period of tima, the polyester undargoes a chemical reaction and breaks up to re-form
the two individual Fydroxy-acids.

(f) (i) This reaction occurs where the pH of the body is about pH5 to pHE. Suggest what
Ivpe of chemical reaction causes the polyaster material to break up.

o o

(lf) Suggest why the products of this reaction are snluhlﬂ in watear.

....tg____f),a&udz o i, “a oy b boads

B’



cH,
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) C- C— QW [\

\
ot

cu, e, cll el &
\
oH

cw, iy Chch ol
cv, 1l C U_oM

l
AN

There are four alcohols, A, B, C and D, which are structural isomers with the molecular formula

C,H, 0.
ke

Alcohol A does not react with acidified potassium dichromate(V]) solution but B, C and D do.

All four alcohols react with hot, concentrated sulfuric acid to form products with the molecular

formula C H,. A, € and D each give a single product in this reaction. B gives a mixture of two
structural isomers, one of which shows sterecisomerism.

(a) Give the skeletal formula for each of the four alcohols and complete the diagram with the
names of the types of structural isomerism shown by each linked pair of compounds.

A B

Ho ~ c“&
/< CNAA . /\(
isomerism ol

isomerism

c D
/\/\ o | - d\v“\"' _______ )\/oﬁ
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(b) (i) Give the names of the two structural isomers produced by the reaction of B with hot,
concentrated sulfuric acid

(ii) State which of these two isomers shows sterecisomerism. Explain why this molecule is
capable of showing sterecisomerism.

________ b - ) —ene  dhows  1eomeNic swwmeism any i

....................................................................................................................................... [2]
(iii) Draw displayed formulae to show the two stereoisomers.
hC Chy A W
370 / \ 3
L2 C C=<
/ N / ~
* H C
stereoisomer 1 sterecisomer 2
[2]



