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9 The anti-inflammatory drug ketoprofen can be synthesised from benzene via the following five
steps.

OnCS

T' [.::1 EI-I1-‘I-{::I :I

step 5 O © COH

U ketoprofen

(a)

(b)

(c)

Suggest the structures of compounds T and U and draw them in the boxes above.
[2]

Suggest reagents and conditions for steps 1-5.

G CH S e NG ek bl annlnns S
step 3 .. @ﬁ. it DV M'
step 4 IACN ......... c)ftw\othLeJ AS@(VONUA ......................................................
step 5 )l‘”,}SOkr—l—L\zm}[ﬁl

What I}rpes of reaction are steps 1 and 57

step 1 . LZTE@PL,]\C Sul’SI\L)JD@ﬂ'
step 5 .. (o SRS [2]

[Total: 9]

9 The anti-inflammatory drug ibuprofen can be synthesised from benzene via the following six steps.

(v}
w
~al
© step 1 step 2 Oj/ 8
2 -
H
step 3
step 5£©)‘de o0 6 /(@/KG;H
—_— —_—
J
ibuprafen
(a) Draw circles around any chiral carbon atoms in the above five formulae. [1]
(b) Suggest the structures of compounds H and J and draw them in the boxes above. [2]
(c) Suggest reagents. and conditions for steps 1-6.

(d)

Mame the J:}aml Yf step 1 anr:i state the fype of reaction for step 6.

step 1 ... &KAe SUL\S jI\J}VS‘J\' .........................................................................
ety @M/awou/gm ________________________________________

[2]



6 Oleocanthal, Q, is a natural compound found in olive oil. It has antioxidant and anti-inflammatory . .
properties and is thought to have a protective effect against Alzheimer's disease. (c) The ester 4-methylphenyl benzoate is used in the manufacture of perfumes.

“Oyro @ ©F

4-methylphenyl benzoate

Suggest a two-step route for the synthesis of 4-methylphenyl benzoate from 4-methylphenol

. . . ) and benzoic acid.
(a) @ shows optical and cls-trans Isomerism. Include reagent-s and conditions for each step, and the structure n-fthe intermediate compound.

On the structure of Q above, circle the functional group that shows cis-trans isomerism and

indicate with an asterisk (*) the chiral carbon atom. [1] C
\ =~ o \C |
(c) Complete the following table to show the structures of the products formed when Q reacts with I O P
the three reagents. -|' C g
reagent structure of product(s) type of reaction |
\
O
o > \‘/ \C
X
o<
@\’ o JCA? > \
excess K’)j\/ [ by su%s\\ A;C,
O
no ( \
O
4

Br,(aq)
o&&;\ﬂcﬂ\ K “M“?) PM”\ ok 3]
S ‘\a\pw\a ow*.\)’a Sml\ \ D { OQ ‘JJ’S

H O
Frv Y Aot
/\/
OM

Y/

La&qo\asis

excess no 0‘4 ” O
NEDH{:q; 1 @\/ 1 (%cb brse lroo>

[6]



(iv) Draw the structures of the products of the reactions of tyrosine with an excess of each of
8 (a) The amino acid tyrosine can be synthesised from phenol by the route shown. the following reagents.

OH
step 1 step 2
—_— —_—
CN qu
HO HO /
phenol O
step 3 CD}N o~
Y N O
NH, Ci OH
step 5 step 4 O /\(
—— ——
CO,H CO,H 1.PCI CO.H with NaOH(aq)
HO HO 2 HO HO
s
tyrosine

(i) Name thjnechanls currlng in thE fﬂllnwlng steps.

® o

step 1
step 2 .. Noe, C—Q{)‘N ‘\C 0\3%\';0(\, l O Co I’]
2
[2] 4 0/\ p)
(ii) What typg of geacfion is occurring in step 37

(iii) Suggest reagents and cnnmtmns for each of the following steps.

step 1 .. CuOCH C’ “' A&C-D

oz HON o FON/NGCN N
step 3 .. & ( LI gq1 e o LEaj— (‘)7‘ \I/CD\/\)/ ”
stepﬁ...?,(‘\"'\\\c 2MNMEMA 4+ Le BN QAQD U?C; "'\Se/ ()/@O(e' Q / (/OLH

A

with Br.{aq)

[4]



6

(a) 4-nitromethylbenzene can be prepared via an electrophilic substitution reaction as shown.

CH, CH, CH,
conc. HNO,
conc. H,S0,
. H ND!_ NO,
methylbenzene intermediate T 4-nitromethylbenzene

(i) This reaction also forms an isomer of 4-nitromethylbenzene as a by-product.

Draw the structure of this by-product
CH,

o™

[1]

(i)} Write an equation for the reaction between HNO, and H,S0, that forms the electrophile for
this reaction.

(iii) Describe how the structure and bonding of the six-membered ring in intermediate T
differs from that in methylbenzene.

............. &_mL%Aaﬂ%hmg&gkay;mJ%ﬁ%@@w@gxéjziﬁa&mmmw

l\ef’> 4\9& 9(>7’ L\/JL(&?%& CdLov»bw\ "LL/W\].(L\ "~
he Mocﬁ‘@,@ﬂ' La\&\ oﬂ\‘mgb olex G " Codben Jrne AN
in He ?“}C/mcg\z&e -“' d&a ex}‘efxg’5 olov S subor Jows.

(b) Benzocaine is used as a local anaesthetic. It can be synthesised from 4-nitromethylbenzene
by the route shown.

CH, CH, CH,
@ step 1 @ step 2
NO, MH, NHCOCH,
4-nitromethylbenzene
step 3
CO,CH,CH, Co,H CO.H
step 5 step 4
NH, NH, NHCOCH,
benzocaine w

(i) Give the systematic name of compound W.

._..h.f_.ms.vs_...@n.goic acid (1)

(c] Suggest how the basicity of benzocaine would compare to that of ethylamine.
Explain your answer.

(e) Benzocaine can also be used to synthesise the dyestuff S by the following route.

o, CA (Y
CO.CH.CH, /Cl 1T
step 1 @
—_—
@ o
N=N CA
NH,
benzocaine E
step 2 | MaOH(aq), QGH
phenol
Nl O D—oH
o O KO
S
(i) Suggest the reagents used for step 1.
NQNO;*HC&’IL ..... SC(\ce/»}@/b»% ...................................... [1]
(ii) Suggest structures for compounds R and § and draw them in the boxes. [2]



T?éthanedinyi dichloride, CICOCOCL is a useful reagent in organic synthesis. It can be made from

compound A in one step.

oA 1
\
/C\ ¢ ~C | e CI’C‘""C“"CE
o i I
o) L
(a) (i) Suggest the identity of compound A by drawing its structure in the box. [1]

(ii) State the reagents and conditions needed to convert A into CICOCOCL

[1]

Ethanedioyl dichloride is used in the following synthesis of compound Q. It is used in a 1:1

stoichiometric ratio with B in step 2.

B (C.H,CI)

ON

crcot:m::l
tep 2
+alcL, ¥ =P

C (CH,0,C1,)

l step 4

o

‘stepﬁ

E (C,H,,NO,CI)

OO0

(b) (i} Suggest the identities of the compounds B-E by drawing their structures in the boxes. [4]

(iiy State the reagents and conditions for the following steps.

step 1 C&z ...... —]-A&CL ...... +u .....................................................................

step 3 .. (@NC I']Nos 4 Con¢ H),.SOHTSSOC’(‘LQAQ .............................

step 6 .. LA&LL ..... .f\&'fad’l@w’ .....................................................................

(51

aens . Jin okl +conc HCGL 1 Lok ooder el follend b Jinot

If the amount of CICOCOC! uszed in step 2 is decreased, another compound is formed in
step 2 with the molecular formula C, H,O.CL,.

(iiiy Suggest the structure of this compound.

C,H0.ClL,

PORSIO0

(1]

(iv) Identify all the steps in the synthesis of Q from benzene that are electrophilic substitution
reactions.

............. 172)3 [1]

(c) Draw structures of the compounds formed when Q is treated with the following reagents.

If there iz no reaction, write ‘'no reaction” in the box.

heat with Cr,0,* /H*{aq)

heat with

NaOH(aq)
Q /

OH

ZI

Cl

e

L ]

HCI{ag)
room temperature

()

VAN
@)
oy 1@

A

No (Ca\ty:'ml\/

Oﬂ |—)] &
(@T\/& \Q\
O
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8 Compound R is shown. (c) Compound R reacts separately with the four reagents shown in the table.

Complete the table by

s« drawing the structures of the organic products formed,
+ stating the type of reaction.

reagent organic product structure type of reaction

(& "\;
(a) State the systematic name of compound R.
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