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T The compound Advanfame is a sweetener that tastes approximately 25000 times sweeter than
SUCIOSE.

R
(o]

H
N

HO
OH

Advantame
(a) Advaniame is optically active.
On the diagram of Advaniame, circle all the chiral carbon atoms. [1]

(b) The decomposition of Advantame produces three molecules, J, K and L. The RO- group in
Advantame is unreactive.

RO
0
D\NH B
{-H0 0@ CH.oH

Q

H,N
o . 0

(i) Suggest possible reagents and conditions for this decomposition.

......... ) ‘\l/\),é()l»\"’\\(o)r [1]

(ii) Name the type of reaction occurring.

l"d&m[ e R B P VB AR A SR A 1)

(iii) Draw the structure of L in the box above. [1]

{e) (i) Agueous bromine was added dropwise to a solution of J until the bromine was in excess.

State what you would observe.

(ii) J has the molecular formula C,H,,O,N.

Use this formula to write an equation for the reaction of excess aqueous sodium hydroxide
with one mole of J.

(d) (i) State what you would observe when an excess of aqueous bromine is added to a solution

of K.
..... AP A e W (]
K can be polymerised.

Draw tructure of the polymer showing two repeat units. The linkage between the
monomer uni




The root of the ginger plant contains compounds with medicinal and flavouring properties. Three of

r ; ; (iii) Shogaol reacts with hot, concentrated acidified manganate(VIIl) ions to form two organic
the more important compounds are gingerol, shogaol and zingerone.

products, Q and R.

(a) The structure of gingerol is shown. The CH,O- group in gingerol is unreactive. o e St i e .

O OH
o
l) 0
oH
HO W W
CH,0 o O Ho
gingerol f ch O’
3
Gingerol reacts with acidified potassium dichromate(V1).
State the type of reaction and the functional group change which occurs during this reaction. Q e 2]

type of reaction 07(\&0}\6{\

functional group change

from Sz.gof‘j”‘a(r>£”c°x‘°\ to IZ\JVOM’ Some reactions of zingerone are shown.
[1]

(c) Zingerone is formed from gingerol.

Complete the table to identify the functional groups in zingerone.
(b} The structure of shogaol is shown.

]
A g . St
; . functional group in zingerone
c;\’f reagent and conditions observation indicated by the observation
HO
benzenediazonium chloride, \
G 5°C, alkaline solution red ppt. P'\'\M\"
shogaol
2 A-dinitrophenylhydrazine orange ppt.
(i) State the type of reaction needed to convert gingerol into shogaol. vy
: lﬁo
C&J’agh\hgﬂ' [1] warm with Tollens' reagent no change

(ii) State the reagents and conditions needed to convert gingerol into shogaol.
[2]

conditions .....1\ O e e e e s



All four isomers contain a benzene ring.
Two of the isomers contain a chiral centre.
The resulis of six tests carmmied out on J, K, L and M are shown in the table.

Compounds J, K, L and M are isomers of each other with the molecular formula CH,,NO.

observations with each isomer

test
J K L M
1 |add cold HCI{aqg) soluble emine ‘ soluble awne ‘ soluble o me | insoluble
2 |add 2 4-DNPH reagent |orange pﬁf?h"a\ orange ﬁr':l‘twa\ nrange‘p"&‘v\ no reaction
3 |add NaOH(aq) + L,(aqg) |pale yel ppt. | no reaction pale yéllnw ppt. | no reaction
4 |warm with Fehling's no reaction red ppt. no reaction no reaction
solution A&Jva)e.
& | heat with MaOH({aq) no reaction no reaction nD reaction P(C.H,N} and
Q(C,H.O.,Na)
produced —\‘&"JDS:S
6 |diazotization and no dye orange dye no dye no dye o‘l ebTeJ
addition of alkaline produced produced produced produced
phenol P\uw(\ o ing.

(a) Use the experimental results in the table above to determine the group(s), in addition to the
benzene ring, present in each of the four isomers J, K, L and M.

Complete the table below, identifying the group(s) present in each isomer.

group(s) in compound

K

L

| emire
neby] Yghre [j%&e ..........

lben ene W’DW v’

[5]

(b) (i) Mame the type of reaction occurring in test 5 that converts M into P + Q.
cj/a S e

(ily Suggest structures for compounds P and Q.

- 1]

o* ||

P (CoH;N)

T
| \ |
C—c -c-oNa
: \
H 3
Q (C;H:O Na)

(e} IlsomersJ, K, L and M all have the molecular formula C,H,;NO.

[2]

Use the information in (a) to suggest a structure for each of these isomers and draw these in
the boxes. Draw circles around all chiral centres in K and L.

NH, "o
| \ C_\C‘l_q
|
@c‘\%/cus Q cu,
H L) Nu)
n (" K\
a\l\l\il\l‘ W\N
o
r\‘\\\
NN N <<
@ ';\cu(%\cl%} ©/b NN
0
L, M
nd cdaved no} JM(A

[3]

(d) Compound N is another isomer which has the same molecular formula C,H,,NO and also

contains a benzene ring.
M contains the same functional group as M. aw

Je

When heated with NaOH{ag), N produces ethylamine and a sodium zalt W. 0

Zuggest the structure of W.

e HLN W,

A
) O)/ No
AN

1
c\N—CLLC\-\
QT

[1]
[Total: 14]



7 Compounds W, X, Y and £ are isomers of each other with the molecular formula C,H,CI0. (b) Isomers W, X, ¥ and £ all have the molecular formula C,H.C10.
All four isomers contain a benzene ring.
Only one of the isomers contains a chiral centre. (i} Use the information in (a) to suggest a structure for each of these isomers and draw these
The results of six tests carried outon W, X, ¥ and Z are shown in the table. L in the boxes.
c\\\lefo ke

observations with each isomer

test C L
Q%.L:ﬂ(iAQ X l\«‘wm)l(w& Z ” )\
1 |add cold AgNO,(aq) white ppt. forms | none whute ppt. forms | none
immediately very slowly \/ C ~ - cJ
2 | heat with NaOH(aq), ) C)) 4 I @ cll
then add dilute white ppt. .JJD( white ppt. none 7 2
nj{i;\ O c
HNG: + AgN'DJ_{EIq] nl.;" C}\I‘D( L - J "\a’d\oﬁbo.u(ﬂ'e |1
3 |add NaOH(aq) + I.(aq) |none pale yelluw ppf." none o none (0]
it none none red ppt none
solution s
5 |add cold, dilute, no change no change no change decolourises r E
acidified KMnO,(aq) N 0K,;./\ C<C
6 |add Briaq) no change no change no change decolourises C &
and fnrrng white | |’\
ppt. = |
cﬁm pw\a\ C Cl > C\i\
(a) Use the experimental results in the table above to determine the group(s), in addition to the

benzene ring, present in the four isomers W, X, ¥ and Z. \ O H <>

Complete the table below, identifying the group(s) present in each isomer. ~— O e:l—l

group(s) in compound

x . E 0\3(& \/v

__________________________________ o MB@{\L AL Pkw\ i

...................................................................................................................................... {iil Draw. a {:il"lﬂﬂ ar'l:I-I.II"Id 1I|"IE.‘ -If:|"1IF3| CEI'I'I'E.‘ in ﬂl’lﬁ ':lf thE‘ EhI:I-'H'E E-II'I.J'[‘:'[LJI'ES [1]

M e R R S S E R Ead Emde Emas mmd s | S EEed EEdd e RS EE e B EE RE—. Ee— - Pl BT LT E L L LT eSS IS S I T S ——"- nutal: 1 D]



5 Compound P contains several functional groups.

cl H\ f’CN
C=C
A
CN
P
(a) Mame the functional groups present in P. l )
AN, beAQ/AS?A\e.)ﬂ\XKeMﬂ- W (1 le
- [2]
(b) Compound P can be polymersed.
Draw a section of the polymer of P showing two repeat units.
Mame the type of polymerisation.
z ( ! l
- C_ — C — C
c r\f
O ce
type of polymerisation 5\9&"'\0'{\.
[2]

(c) Complete the following table to show the structures of the products formed and the
type of organic reaction when P reacts with the four reagents.

reagent structure(s) of product(s) i E;T re‘::ctr'un
4 o
excess Br,(aq) O ] ! A,QOQ K e
B, By
cl oH o
| |
excess hot, K < N o= - DX]&o\Jﬁeﬂ,
concentrated, O S
acidified MnO_(aq) Nen
C.X H oo 14

Qi L |

excess hot HCl(aq)

\ \C, — C\, —cn L\fd&»(aa e/c\a\}\eff\'
excess H,/Pt catalyst 6 L{ }4

[8]
[Total: 12)



(b) Complete the following table to show the structures of the products formed and the
type of reaction occurring when serotonin reacts with the four reagents in separate reactions.

NH,
HO
\@I§V
N
H

serotonin

reagent

structure of product

fype of reaction

MNa

fc&oﬂ

oS

excess H,/Pt catalyst

o

N,
X
O
H
B¢
Ny :
I_( Q 2 JCC)R ofl\',\“\é
excess Bry(aq) O d gobgsf\\ok o\
~
b "
K
] N—c-c¥,
excess CH,COCI u;c N N l (,ov\» éxkﬁ‘\
NY
ho T M oyt
~ N
“

8]

6 Z-hydroxypropanoic acid can be synthesised in four steps from ethanoic acid.

O
i step 1 . step 2 o step 3 OH
e R el e
OH Ci CN 5
ethanoic
' step 4 l
OH
)w‘/GH
O
2-hydroxypropanoic
acid

(a) (i) Suggestareagent for step 2.

(ii) Suggest reagents and conditions for steps 1 and 4.

step 1 FC.H 5

step 4 ... N 0\&1’]‘1 ......................................................................................................

21
{b) Compound R can be used in the synthesis of compound T as shown.
s
R (o}
o
step I N-W
CI warm
NH,
C:H;NO
step | ..
11 | LIAIH,
T
oH
N-H
(i) Suggest the structures of S and T and draw them in the boxes. [2]

(i) MName the type of reaction for step I and step IL.
step I CondlensaN O\



4 Phenylethanone is an important chemical with many uses.

phenylethanona

CH,
O~
%{3

(a) Phenylethanone can be synthesised using benzene as one of the starting materials.

ldentify the other reagents used and describe any essential reaction conditions.

(b) Phenylethanone is treated separately with three reagents.

Complete the table, for each reagent, to give the structural formula of one organic product
formed and the name of the mechanism involved. If there is no reaction you should write “no

reaction’.

reagent arganic product name of mechanism

/
] . /Cl‘l)‘c}\ \/(ee, ‘(ﬂ&.\Co}\
chlorine gas at 10°C in the Q C
presence of ultra-violet light Q W\ Solo 5\'\\'0\‘\91\_

6
NO
a mixture of concentrated nitric ? E \e(\'(b(’)li“i(.
and sulfuric acids at 50°C O ?l - CHS Sebsh ‘\o}:\d\
(@)
bromine water No (qu—} G\

[5]

(c} Phenylethanone reacts with HCM in the presence of a small amount of MaCM.

(iy Mame the mechanism of this reaction.

_f_\_y_c._le,_olmﬂ)é _______ Addikedr o

(ify Draw the mechanism of this reaction below. Include all relevant charges, dipoles, lone
pairs and curly armows. Your mechanism should show the catalytic role of CN- ions.

phenylethanone intermediate product
cu
S-\» _ ? \ 3
O =& % —~ioite

\

QD $- cn

—CN O
: CN A+ §- + N C N

[4]

(d) Phenylethanone can be used as a starting material to make phenylethene in a two-step

synthesis.
phenylethene
hemnyleth
phenylethanone #] ) H H
H, 3 s
step 1 /‘w__ c step 2 C=C
C
N | O« ==
o oM
(i) Draw the structure of compound D in the box. [1]

(if) Identify a suitable reagent for step 1.

(iii} Identify a suitable reagent for step 2.

..... Co N«leq [1]



The structure of nicotinamide is shown.

nicotinamide
(9]
O
N

(@) The nitrogen atom in the six-membered ring has one electron in an unhybridised p-orbital. This
electron becomes delocalised, becoming part of a single delocalised system of electrons. This
delocalised system also includes:

« electrons from the carbon atoms in the six-membered ring
e the two electrons in the = bond of the C=0 group
e the two electrons in the lone pair on the nitrogen atom of the amide group.

(i) State mT number of delocalised electrons in one nicotinamide molecule.

O
_______________________________________________________________________________________________________________________________________ [1]
(ii) Predict the H—Nb—H bond angle in the NH,, group in nicotinamide.
| Do
....................................................................................................................................... 1]
(b) MNicotinamide can be synthesised from nicotinic acid.
The synthesis involves two steps.
nicotinic acid nicotinamide
“0
(o] \ 0]
step 1 step 2
oddICO il o g
N N N
(i) Draw the structural formula of E in the box. [1]

(ii) Give the name or formula of a suitable reagent for step 2.

NHS ______________________________________________________________________________________________________________________ 1]

(c) Nicotinamide reacts separately with aqueous acid and agueous alkali. The six-membered ring
remains unchanged in these reactions.

Complete the reaction scheme below to give the structural formula of the organic product of
each reaction.

0 < 0

HCI(ag) NaOH(aq)
O -— NH — =
O W reflux Q ’ reflux O oMo
() N A

(2]
(d) Nicotinamide can be reduced to compound X.

X

N

(i) Identify a suitable reducing agent for this reaction.

(ii) Predict and explain the relative basicities of the NH, groups in phenylamine, C,H,NH,,
nicotinamide and compound X.

_____ 7<7 Cg \'L N }\ > (\-\Co}:\(\ﬂm-\g*e- N:L,AH\ ,«\")e s M‘A«o& o e lore
ot ane N.gdts Jelocdsed cier c=0 Yicamd bosicen e Alky)

_____ v pebon dedon Yook o N o nkina 1 Lo iy ovte il
v)l:k\e_ N \w‘u& H-L Jaw ~ wxa&ba; NKH\ MT,-,% n,y\\ \— \e/yb [3]
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(b) Electrophoresis can be used to separate mixtures of amino acids and peptides.
A mixture of the tripeptide Ala-Ser-Gly and its three constituent amino acids was subjected to
electrophoresis in a buffer at pH 11.

(i) Draw the structure of serine at pH11.

[1]

A[ —SW—JlJ SM’MQ/

ROCEN S

NHo

A\od\'l N

HZN/Y H3C
OH

NH>

NH,

0
HaC S
O

At the end of the experiment the following results were seen.

mixture
applied here

e
D—\—._
A
w
=

(ii) IdEﬂtlfY the mmpnnents labelled F-I in the above diagram.

m&eowd &)F("Q
TS
¢ Cler poper e

(iii) Suggest the identities of the spemes responsible for

spot P, 10\'%—3
spot S. [A =.Sed - 3\’3-3

Explain your answers.

\EC\Y\L‘ ‘g 0 oo meYes E\)-I}LQA’ \\ _A\w—SG/("_
a 'A S ‘H’e— \0‘(39/)\' So _inole> ]ess NS o w\l\ﬁﬂ\* %‘owe_ 3]

“

(c) (i) State the reagents and conditions needed for converting the tripeptide into its three

constituent amino acids.

(i) Name the fype of reaction in (i).

[Total: 13]



(b) The dipeptide phe-tyr has the following structure.

6
O >
- ¢ -
o
HN
o \
he. CD\ &
| IOLQ ,} o&
}V‘)/
A mixture of this dipeptide (phe-tyr) and its two constituent amino acids (phe and tyr) was

subjected to electrophoresis in a buffer at_ pH 12. At the end of the experiment the following
results were seen. Spots R and S remained very close together.

mixture applied here
{

ol y ' ko

T\
R S

The three spots are due to the three species phe, tyr and phe-tyr.

{i) Which species is responsible for spat P? Explain ',rc:nur answer.

[Total: 15]

6

(a) Use the Data Booklet to draw the structure of the dipeptide val-lys. The peptide bond should
be shown displayed.

o O% o
‘ ©,
,fLanla PN ok Ny

NH3 Nﬁz.

\!aS\ *3 S =

(b) The isoelectric point is the pH at which an amino acid exists as a zwitterion. The isoelectric
point of valine is 6.0 and of lysine is 9.8.

A mixture of the dipeptide, val-lys, and its two constituent amino acids, valine and lysine, was
analysed by electrophoresis using a buffer at pH 6.0.

Draw and label three spots on the diagram of the electrophoresis paper to indicate the likely
position of each of these three species after electrophoresis. Explain your answer.

Vm’\ v{*\:]s [U S

!
|

mixture applied here

® €

explanation .. "’0‘\ ‘5_'5°A€ AohiC So WOV\)f Move. | @>on\» \‘J aw&
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[3]

[Total: 7]



