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Examiner's
Uso
Answer all the questions. ¢
A student decided to invesligale the rcactivity of the ~OH group in the three organic
compounds shown below.
(1 ) —COOH O CH,OH CHy— () —QOH
N _ ' -
henzoic acid phenylmethanol 4-methylphenoct
(a) Benzoic acid reacts with aqueous sodium hydroxide.
=
W ) ~—COOH + OH"  —— +
NI
(i) Complete the equation above. [2]
(ii) State which, if any, of the other two compounds above would react with agueous
sodium hydroxide. Explain your answer,
|
................................................................................................................................... 'x_
\
............................................................................................................................... 2
() All three compounds react with sodium metal, giving off a gas.
(i} ldentify the gas given off in this reaction.
............................................................................................................................... (1]
|
(i) Complete and balance the equation for the reaction of 4-methylphanol with sodium.
_i
|
CHay Q -OH  + »-
\_"-\-_,——
(2]
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VEvasiners

10

{c} Benzoic acid and phenylmethanol will react with each other in the prasance of a suitable
calalyst.

{ Staie a suitable catalyst for this reaclion.

{in}  Draw the displayed formula of the organic product, i

[
!

[Totak 10]
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Cinnamaldehyde is the compound that gives cinnamon its distinctive flavour.

H H

(I3 !

. Cx
O
- H
cinnamaldehyde

(a) Draw the skeletal formida of cinnamaldehyde.

(b) Cinnamaldehyde shows cis-tians isomerism.

(i) Explain how cis-trans isomerism arises in cinnamaldehyde.

............................................................................................................................... 2]
(i) State and explain whether cinnamaldehyde is 2 cis or a &rans 150mer.
.............................................................................................. URTUTUTUIPRRRROOON 4§
(i} Draw a skeletal or displayed formula to show the structure of the other cis-frans
isomer of cinnamaldehyde.

i1
(c) Cinnamaldehyde can be reduced using sodium porohydride, NaBH,.
(i) State which functional group reacts with the sodium barohydride.
M

U, CLOTgheie And HERNGE e nualion o AR T-Sot o St

~ U rH-CHCOHO  + [H] -
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(<) In this question, one mark is available for spelling, punrtuation and grammar.
Tollens’ reagent can be used to identify the aldehyde group in cinnamaldehydle.
Deseribe how you would make Tollons' rengont and coarry oot this tost i the
'ahoratory.
|

’ Explain what happens to both the Tollens’ reagent and the cinnamaldehyde in this |
reaction. [dentify the organic product.

...................................................................................................................................... (7}
Quality of Written Communication.  [1] ii
!
[Totat: 15]
|
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6

Renzeno reacts with CH,CL to form methybenzene GgHACH, This 15 an electrophilic
substitution reaction.

A passiblo mechanism for this reaction is shown below,
Step 1: the electrophile *CH, is formed from CH.CI and the catalyst, AICI,
CHSCI + NC.’3 Y *'CHS +  AICH

Steps 2 and 3: substitution of "CH, into the benzene ning

step 2 step 3

S ol e ——n

intgrmediate products

Step 4: the catalyst, AlCI,, is regenerated

(a) (Y Complote steps 2 and 3 of the mechanism above. Show the relevant curly arrows
and the charges on any ions. (4]

(ii} State why *CH, ts described as an electrophite in this mechanism.

(iti)  Suggest an equation to show how the catalyst, AICI,, is regencrated in siep 4.

(1]

{(b) Write an overall equation for this reaction.

¥
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LExamners
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Tiis substitution reaction occurs much more readily wilth phenol than with benzeno.

() State and explain why electrophilic substitution reactions occur much more readily |
with phenol than with benzene, !

(i) Suggest a structure for the most lkety organie product formed in the substitution
rcaction of phenol with excess CH L

[1]

[Total: 13}
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G Compound A is currently being tested as a possible anti-allergic drug.

CH,

H, H CH, H !|-1 OH
| L/

H f|3
—(i: C—N—C—C—N—C-—C,
H

\
N
/

l L
. [

| |
O H O H O
compotmd A

(7) Compound A can be hydrolysed to form thiee arganic products.

(i) Name a suitable reagent and conditions for the hydrelysis of compound .

(i} The three organic products all helong to the same class of compound. Hiate e
general name for this class of organic compound.

(i) Draw the structure of one ol the organic products from the hydrolysis of A using the
reagent you have given in (a)(i) above.

2]

(iv) Explain what is meant by the term hydrolysis. Use this reaction to llustrate your
answer.
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9

{b) Compound A can exist as a number of stercoisomers, but only one of them is
rharmacologically active as the anti-allergic drug.

(1)

(if)

(i)

{iv)

Explain what causes stereoisomerisnt in compounds such as A.

Suggest how a drug company could synthesise compound A so that the drug
contains only the pharmacaologically active stercoisomoer.

Sometimes it is difficult to manufacture a drug contalning only the ono
pharmacologically aclive stereoisomer. t

K .

Describe two possible disadvantages of producing a drug containing a mixture of
several stereoisomers.
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{ 4-Diaminobenzene is used in the manufaclure of a variety of materials including dycs and ‘

polymors. |
-

|

|

|

|

|

|

1,4-diaminobenzene E

. , o , |

{a) Explain whatis meant by the term 1,4-diamnon the name of this compound. |
|

|

|

i

(h) 1,4-diaminobenzene can Le manufactured from 1,4-dinitrabanzene.

';

|

n. ~

O;.Na~<(j >>—N02 - H%N ------ : (j>>;r\mp |
l

1, 4-dinitrobenzene 1. 4-chaminobenzene

(iy What type of reaction is this?

i) State rcagents and conditions that could be used to carry out this reaction.

(iiiy Complete and balance the equation below forthis reaction.

OﬁNC >>—NO2 v HQN*(BD/}”NH? ' |
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11
(e} 1.4-Diaminobenzene is used to make permanent black dye for hair,

1.4-Diaminobenzene can irrilate the skin because it is basic. Therefore, it is sometimes |
neutralised with excess hydrochloric acid to give the sait. |
i
{1} Explain how the amino groups in a primary amine such as 1.4-diaminobenzene
allow the molecule to act as a base,

............................................................................................................................... 2] |
(i) Draw the structure of the salt formed in this reaction. .’
[}
~ .!
(i)  State whether you would expect hexane-1,6-diamine to be a stronger or weaker |
base than 1,4-diaminobenzene. Explain your reasoning. ;
- 4
HoN~ S N
hexane-1,6-diaminc
.................................................................................................................................. |
p
................................................................................................................................... |
‘ 1
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|
lEr.-'rm-‘a?r.-rs
Usa

(¢} Keviar is a very tough polymer made from 1,4-diaminobenzene and benzene-1,4- ‘|
dicarboxylic acid. |
|

(i} State a use for Keviar. i
............................................................................................................................ 1}
fr
(il Describe the polymerisation reaction thal forms Kevlar, Include in your answor;
-~ an explanation of the type of polymcerisation involved |
» an cquation for the reaction ;
[
[
. a repeat unit to show the structure of Keviar.
'

i
|
i
|
|
|
|
................................................................................................................................... i
!
) I
|
i

................................................................................................................. he

........................................................................................... R R T T
........................................................................................................................... !
|
4 I
............................................................................................................................... 5]

[P LNE
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An unknown organic compound X was analysed as foliows.

(a) Elomental analysis showed that compound X had an empirical formula of C,H,0,.

The mass spectrum of X is shown below.
100~ '
A 80~
o 60 -
rofative ]
micnsity 10-
20 -
N Il ' —_ ' i n
O_'l»ll|l'!li¥lll]|tl|r|l¥r|[|||Il!|[||l!‘|¥1!r;r‘r!|]||||]|rrr[r‘.r|
10 15 20 25 30 35 40 45 50 55 60 65 70 75
mic
show how the molecutar formula of compound X can be deduced from the information
above. Explain your reasoning. Circle the peak you have tsnd on the spectrum. ;
...................................................................................................................................... [31
;
(b {i} Compound X did not give a precipitate with 2,4-cinitrophenylhydrazine.
State what this tells you about compound X, - ”
...................................................................................................... B I
............................................................................................................................... 11

(i} Compound X did not decolourise bromine water.

State what this teils you about compound X.
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{¢) Three structures for compound X were suggested. e
OIS R S - _
|
o oy Loy o g
HmeOm?_?FH !H—O—Odo—CrH}l+wé ? C—O0—H
| | | | |
H H | H H | HoOH
structure 1 | structure 2 i “tricture 3 B
Stale the name oft  SHUCIUIE T i e |
SEFUCHUTE B oottt re e b 2]
(d) The infra-red spectrum of compound X is shown below. |
i
O !
e - '"‘/\""‘\N\J""""v\ TN T
v I ooy L
Voo Voo \‘i. oo 1", ‘ b i
1,’1 1 { Lo v ! J ¥ ‘ i b
L [ I 1! i i
| |/ nin Lo .
sarhance/% 50 f H ” 1\ H |.|
i : l,‘n M ! ‘[ i
. | {1 i
l E I
P b
[
i
100 +— N S . . OV py
4000 3000 2000 1500 1000 500
wavenumber/cm™!
For each of the three structures 110 3, siale whether this spectrum supports s 'i
iclentity as compound X or not. Explain your reasoning by commenting on the presence |
ar absence of the relevant peaks., [
|
'5
...................... [ I AL E R R R R LR .‘.................,..,.‘.,,.....,........-.A......,.‘,,‘....H...“,..,.,......... H
|
....................................................................................................................................... |
i
........................................................ TR T T PP P PR BT S P TR LN

SN SO ROV

T,
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| Examiners
. . . . , . . . - i ke
{2} Inthis question, one mark is available for the quality of use and arganisation of scientific ]

ferme.

The n.m.r. spectrum of compound X is shown below, |

the relative _
peak area is
shown by
the number |
SOy ahove the l
alarhed peak

chemical shift & |

Use this spectrum to conclusively identify the structure of compound X. Explain your l
reasoning clearly by showing why the structure you have sugnested would give rise to
this spectrum. Refer to the 8 value of each peak, the relative peak areas and the lack of

neak splitting.
| '
correct structure of compound X: \ !
] i
reasoning: |
........................................................................................................................................ |
|
| |
.......................................................................................................................................... |
|
\ a

.........................................................................................................................................

Quality of Written Communication. f1} |

[Total:

END OF QUESTIONM PAPER
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2814 Mark Scheme June 20056

1 (a)(i)
balanced equation to give @COO Y o+ HOY alfow C;H0; 2]
(il)  d-methylpheno! reacts (phenyimethanol does noi) v’
.. because phenols are (inore) acidic / donate H more easily AW Y [2]
{bXi} H. / Aydrogen [1]
h {ii) CHg-@OH + @Na — 2 cm@o‘ Na® ¢ H>
How CAoAON,
prenoxide/sodium phenoxide structure / formula ¥ z;ﬁj o7 - Na;
rest the equation also correct and balanced v or O-Na (2]
() (i) A racid / named strong acid eq H250; / HC! 11
(i) ﬁ, |_I|
o0
H
displayed ester group ¥
rest of the ester v’ {2]
v [Total: 10]

29
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|
l2(a)(i)©/\ .
v [1]

C=¢ double bond does not rotate v
(b) NOT on ‘each

two different groups on each carbon (of the C=C} AW v side”of the C=C [ 2}
1. trans becouse H / groups are on opposite sides AW v [ 1]
it. any formula that shows the H on the same side - eg

o, |

v (11

{c) (i) aldehyde / =0 / carbonyl v [1]
(i} CGHCHCHCHO + 2 [H] — —  ColHsCHCHCH OH v allow CotpO 1
(d} merhod

silver nitrate v

ammonia / ammoniacal ¥

warm / hear v

silver (mirror) / brown ppt forms ¥

explanation —
silver ions reduced / Ag’ + € - Agv

aldehyde oxidised Yo a carboxylic acid ¥

correct structure - eg CoHsCHCHCOO /COOH Y

quality of written communication
mark for correct spelling, punctuation and grammar in at least two
sentences ¥ [ 8]

[Total; 15}

¥t


http://www.pdfonline.com/easypdf/?gad=CLjUiqcCEgjbNejkqKEugRjG27j-AyCw_-AP
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3 (a) ()

CH; H+
H. ,CH, Chy
step 2 @ step 3
—_— —_—
intermediate products

curly arrow from n-bond towards the carbon of "CH; v

inrermediare intermediate must have

structure of the intermediate v the "+" within the

curly arrow from C-H bond v/ delocalised area

products allow HCI as product if

structure of methylbenzene and H = shown v cl is shown with the

intermediate [4]

(i) accepts an efectron pair v NOT a “lone” pair [1]
(“l) H + AlCl, - Alch +  HC/ [1]

C:;Hg + C‘Hjc’f{ — CéHjCHj + HC!
products ¥
rest of the equation alse correct v [2]

(b) (i} (benzene) ring is activared v’

fone pair from oxygen is delocalised / interacts with the = ignore references to
electrons around the ring / AW or diagram v the inductive effect

greater efectron density (around the ring)v

attracts 'CHs / electrophiles more easily v [4]
(ii) o
HiC CHa
CH
B [1]

[Total: 13]
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4 (a) (i) water / evidence of a solution in water - eg NOT conc HING;
(aq), ‘dil’ ' 6M’ or ' conc’ For HCIY or cone H:50,
a named strong acid or afkalr (heated under) refilux /
a suitable enzyme at around 37°Cv [2]
(i}  amino acids v [1]

(i) correct structure for one of the aming acids v
correct tonic form for reagent used in afi) - €g

H i O
I+ 1 4 | 7
H—N—C—C H—N—C—C
Y o hohoo
/ v [2]

(v}  reaction with water to split/break down the compound ¥

peptide bond in the compound is broken / diagram fo show AW v [2]

(L) (0) @ carbon with four different groups attached v
a chiral carbon /centre ¥
different spatial / 3-D arrangement (of the groups) <
(stereojisomers / mirror images dre non-superimposable / molecules
are asymmetric v
ANY 3 out of 4 marks [3]
(i) contuins & chiral centres ¥
each can have 2 (stereo)isomers/ Ex2 possibilities AW ¥ [2]
(il])  wse naturally occurring / enantiomerically pure amino acids
OR
use a stereospecific catalyst / enzyme / micro-organisms
OR
separate the mixture using a suitable method ¥ [1]

{iv}  higher doses are required ¥

the drug /other stereoisomers may have (harmful) side-effects v [2]

[Total: 191

17
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5 {a) (i} Diamino
1wo/E amine groups v

1,4
their position on the ring / numbering of carbons
around ring (or shown on a diagram} v i2]

(b) (i} reduction /redoxv [1]

{iiy  rimang HCl Y or Hz gas +
cone acid under reflux ¥ Ni/Pd eatalyst [2]

e (i)
‘ O@H@woz v 12H] — H2N©NH2 + -0

H-0 as product v
and the equation balanced v [2]

(€} ()} accepts H' using the lone pair (on N)v either mark can be
which 15 donated/forms a (dative) covalent bond ¥ obtained with a good

diagram [2]
(ii)
cr HgN@ NH," G

correct structure with charges shown vy’

one mark for either: just one neutralised,
N both neutralised, but withour ¢,
both neutralised, but no charges shown [2]

(i} hexane-1 6-diamine is a stronger base because.

electrons move towards the N (due to the inductive effect)
(in hexane-1,6-diamine} v

the fone pair from N is (partially) delocalised around the ring (in
diaminobenzene) v

so the electron pair is more easily donated /
H more easily accepted (in hexane-1,6 diamine) ora ¥ [3]

~ guestion 5 continved ove

s
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guestion § continued

() (i} eg Fire resistant / bullet proof clothing / allow any use where a tough
; evele tyres / tennis rackets v flexible material is needed

f1]

(W) condensation (polymerisation} ¥

nH,N-@NH, + nl—i{):)C—@—coon

o}
| I
H H
n

structure of benzene-14-dicarboxylic acid v

O=0

amide /peptide bond displayed v

repeat unit of correct polymer indicated ¥

formula of water shown as the product in an equation ¥

(5]
[Totai: 20]

A
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6 (a) Molecular ron peak circled v

Compound X has M. = 74

70 75
Empirical formula has M, = (36 + 6 + 32) = 74
< (50 must be the same as the moleculor formula)¥ [3]
{b) (i) compound X is not an aldehyde or ketone / nat a carbonyl compound v [1]

(1) compound X does not contain a C=C double bond/ is not an alkene
/ is not a phenol v {11

(¢) structure 1 ethyl methanoate ¥
i structure 3 propanoic acid v’ [2]

{d) presence or absence of relevant peaks (in the context of any of the structures) ..

peak at ~1780 / 1680-1750(cm”) for C=0 ¥
peak at ~1250 / 1000-1300(cm’) for ¢-O ¥
no peak at 2500 - 3300(em™’) v

structures possible or ruled out .

structures 3 is ruled out / can only be structure Lor 2 ¥ [4]
(e) H O M
correct structure! T P
f |
H H
v 0 allow max 1 as ecf

from the wrong
structure for valid
reasoning from the
J valve

H
reasoning: peak at ~2 / 2.0-2.9(ppm) is due to —C—CH;

peak at ~3.7 / 3.3-4.3(ppm )} is due to O

relative peak area is 1.1/equal as borh groups have
the same number of protons ¥ AW

peak(s) not split as there are no protons on the
neighbouring carbons ¥

guality of written communication
for use and correct organisation of at least two of the scientific terms: ppm,
environment, methyl proton, adjacent, singlet (doublet etc) v [6]

{Total: 17]
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