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The anaesthetic halothane, CF,CHBrCI, is made industrially as shown below.

HF Br,
CCl,=CHCl —— CF,CH,Cl —— CF,CHBrCl
stage 1 stage 2

What type of reaction is occurring in stage 27

A electrophilic addition
B electrophilic substitution
(©) free radical substitution

D nucleophilic addition

1,2-Dibromo-3-chloropropane (DBCP) has been used in the control of earthworms in agricultural
land.

What would be the best synthesis gf this compound?
L \Feee < j sdehl, fion cd
A CH,CH,CH,CI + EBr - D jP +2HBr (
£ o C-c-c¢C
B CH,CHBrCH_Br + cl, ? %CPAE&
4/\ ecT wprilic i \ |
© CH,=CHCH,CI + Br, — DBCP oc By

D CICH,CH=CH, + PBr, — DBCP + PBr,X

A possible mechanism of the hydrolysis of 2-chloro-2-methylpropane is shown.

CH3 CHZS
| |
CH—C—c1 —M cH—cC'+CI-
| |
CH, CH,
CHj CH; Sol

CH,—C* + OH- —@ty cH,—c—OH

CH; CH,

Which diagram represents the reaction profile for this mechanism?

A B c ®

energy

energy

energy
energy

reaction pathr reaction pathr reaction pathr reaction path—

10 Dichlorodifluoromethane, CCLF2, has been used in aerosol propellants and as a refrigerant.

Which statement helps to explain why dichlorodifluoromethane is chemically inert?

@ The carbon-fluorine bond energy is large.
B The carbon-fluorine bond has a low polarity.
C Fluorine is highly electronegative.

D Fluorine compounds are non-flammable.

20 Which compound undergoes an Sy1 substitution reaction?
A CH;CH,CH;Br fv’ww‘a
B (CHs);CCH.I Fz'-mwa
CH, CI

© q«@w —D’fu\r%o*a\/

D CH,=CHCI

21  Which pair of reaction types is illustrated by the reaction sequence below?

HI in CH,CO.H NaOH(aq)

* CH,CH,CHICH, CH,CH,CH(OH)CH,

CH,CH=CHCH,

A electrophilic addition and electrophilic substitution
@ electrophilic addition and nucleophilic substitution
C nucleophilic addition and electrophilic substitution

D nucleophilic addition and nucleophilic substitution

23  Four drops of 1-chlorobutane, 1-bromobutane and 1-iodobutane were put separately into three

test-tubes containing 1.0 cm® of aqueous silver nitrate at 60°C.

A hydrolysis reaction occurred. (R represents the butane chain C,Hs— and X the halogen atom.)

HzO(l) + R-X() + Ag'(aq) - R-OH(aq) + AgX(s) + H'(aq)
The rate of formation of cloudiness in the tubes was in the order RCI < RBr < RI.
Why is this?
A The R-X bond polarity decreases from RClto RI.
B The solubility of AgX(s) decreases from AgClto Agl.
C The ionisation energy of the halogen decreases from Clto L.

@ The bond energy of R-X decreases from RClto RIL



30 The presence of halogen in an organic compound may be detected by warming the organic
compound with agueous silver nitrate.

Which compound would produce a precipitate quickest?

A B C @
ci F cl F
CI/\E CI/\E Br/\ﬁ F/\ﬁ
cl = F I

31 When phenacyl chloride, CsgHsCOCH.CI, is reacted with agueous NaOH, the substitution reaction
follows an Sy2 mechanism. Cne3 vch,: :\‘}ex"\&"’} e —Skiaw e s\—«k‘)

Which structure represents a species formed during the reaction?

A B
/H OH H
e
CH,—C—C+ 7~ CH —é— —C1 X
I\ |
o} H O H

P Y. 9

5— 5 ¥

HO T ----- C HO-'---IT;--CI
CEHE CEHE

34 Aqueous sodium hydroxide reacts with 1-bromopropane to give propan-1-ol.
How should the first step in the mechanism be described?

@ by a curly arrow from a lone pair on the OH™ ion to the C™ atom of 1-bromopropane
B by a curly arrow from the C™ atom of 1-bromopropane to the OH" ion
C by acurly arrow from the C—Br bond to the C atom

D by the homolytic fission of the C—Br bond

41

47

57

Compound Y can be hydrolysed by warm aqueous silver nitrate to form a precipitate that is

soluble in dilute aqueous ammonia. Compound Y can undergo an elimination reaction to form an
alkene.

What could be the skeletal formula of compound Y7
A B © D
Br I Cl Cl
L N N A >‘</

Under identical conditions, even though it proceeds by the same mechanism, reaction 1 is faster
than reaction 2.

reaction 1 CHz:CHBrCH; + NaCN — CH3CH(CN)CH; + NaBr
reaction 2 CHsCHBrCH; + Nal — CH3;CHICH; + NaBr
What factor will explain this result?
A  The C—1bond is a stronger bond than the C— Br bond. RaS
B The C— N bond is a stronger bond than the C— I bond. 7~

@ The cyanide ion is a stronger nucleophile than the iodide ion.

D The cyanide ion is a weaker nucleophile than the iodide ion.

Including structural and sterecisomers, how many isomeric products are produced when alcoholic
KOH reacts with 2-chlorcbutane?

A 1 i @3 D 4

cubclx\ cAg.HS —> W, =CH %y C\,\3
& o— N

2-bromopropane reacts with a hot concentrated solution of sodium hydroxide in ethanol.
Which substance is the major product of this reaction?

A propan-1-ol

B propan-2-ol

WC = CH- Cu
PR 3

C 2-hydroxypropene

@ propene



64 A tertiary bromoalkane, indicated here by =C—Br, reacts with aqueous NaOH. The mechanism
has the reaction pathway below.

energy |=c-Br+OH

ZC-OH + Br

extent of reaction
Which point in the diagram is correctly identified?

A Xis =C+

B Xis {Ho--}?’f._ar}

@ Y is =C+

Structural isomerism and sterecisomerism should be considered in answering this question.

Compound J is reacted with KOH dissolved in ethanol. Three isomeric alkenes with molecular
formula C4Hg are formed.

What is J7

A CH,—CH,—CH,—CH,—Br

CH,—CH—CH,—CH,

Br

C CH;—CH—CH,—Br
CH,
CH,

D CH,—C—Br

CH,



CH;
CH,—C—Br
CH5CH.CH,CH,Br '1|3Ha
1-bromobutane 2-bromo-2-methylpropane

(a) 1-Bromobutane reacts with aqueous sodium hydroxide to form butan-1-ol.

(i) Give a balanced equation for this reaction.

(ii) Name the type of reaction. NVC‘LQQINH‘(’$Q105¥\¥U%9’V\“ ......................
(iii) Describe the mechanism of this reaction.
© | S
7 \\ \ B W H
X
=t S cn i |
B &’ 1 C .- O\'\ u C\\\Cu)'C“C“
(5 v 0| / C \})_C Wy B
O\
) 5]

(b) 1-Bromobutane and 2-bromo-2-methylpropane both react with an ethanolic (alcoholic)
solution of sodium hydroxide to form alkenes.

(i) Name the type of reaction. J‘m“f“%}‘m ..........................................................

(ii) Identify, by means of the structural formula, the alkene formed from

| 1-bromobutane,

C L\bC \lLCH = Cﬂl

Il 2-bromo-2-methylpropane.

C\—)Z: C,(C\—\3>1

(iii) Hot, concentrated manganate(V1I) ions break the double bond in alkenes. Each of
the two alkenes in (b)(ii) gives CO, and H,O from the terminal group, but the rest
of the molecule remains as an organic oxidation product. Suggest the formula of

each of these products.

froml....... C 14 CH COOH .................................................................................

(c) Complete the reaction sequence giving the intermediate, the reagents and the
conditions for the synthesis of 2,2-dimethylpropanoic acid.

CH, C; CH,
| step ! step |
GHH—IT”—EH ‘ CL\S — C - CN T EHa_'ls_G'DzH
\
CH, cu} CH,4

Step |:  reagent . NQQNWX ?)""OAJ ...................................................................

conditions l’\(‘?\)’\w\ge( ....... (fz(: \Uﬁ. .....................................................
Step ll:  reagent ..... &\\’\ ~§O‘{ ........................................................................

conditions L\Zﬂ\x&ﬂ\p@/(@g\)}( .......................................................

(3]

[Total : 13]



Compound G, in which B— represents the rest of the molecule, was made for use as a tear
gas in World War 2.

H

R—C—CN

Br
compound G

Compound G was made by the following sequence of reactions.

stage | stage Il stage Il

R—CH, ———— R-CH,Cl — = R-CH,CN —— > R-CHBICN

(a) (i)

(ii)

For stage | and for stage |l, state the reagent(s) and condition(s) used to carry out
each change.

stage | reagent(s) .... C»p rU i il N M SN
condition(s) ..... UV ..... \'S’\x’ ................. TR e . L .
stage Il reagent(s) ..... N«\C,N-/\JI’\M\D( ...................................................

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

Compound G was not actually used in World War 2 and stocks of it had to be destroyed
safely. The following sequence of reactions was used in this process.

stage IV stage V
R-CHBrCN ——— R—CHBrCO,H ——— R-CH(OH)CO.H
stage VI
R—-CH,CO.H

(b) For stage |V and for stage V state the reagent(s) and condition(s) necessary to bring

(c)

about each reaction.

stage IV reagent(s) &'\“),SOH
condition(s) No)fam&ofw“‘)‘/\
stage V reagent(s) ....... NﬂO\\&\wiNe’Q”’\v%}d

condition(s) ‘/\QJW&M‘J\Uﬂ [4]

The full sequence of stages | to VI involves some compounds which contain chiral
centres.

(i} Explain what is meant by the term chiral centre.

(ii) Draw displayed formulae for the isomers of one compound in the full sequence of
stages | to VI which you consider to be chiral.

H A

|
\ |
C wn C=N: l N=¢, ‘
R — | me —R
|
|
|

>
B (fg

[3]
[Total: 13]



6

(a) Complete the following reaction scheame which starts with propene.
In each empty box, write the structural formula of the organic compound that would

be formed.
g\/ E-r; B Kunﬂq_.'H"' 2k O“
CL(SOJ(B«SC“, le——————  CH4CH=CH; = C\l}(_\lloﬁc"&;
A B

HBr

CA3CQ@N>5\45 . KCNin G\SCL\(&)CHS NH:, C“\scp' (N\'\;\C"\g

AQUBOUSs in an axcass
athanal
D c F
H-50lag) MaOH{in ethanol)
heal under heat under
reflux raflux
3 F
cugcﬂéoo@( W, cll, (H=c\W)
E G

[7]

Under suitable conditions, compound E will react with compound B.

ignal group is produced in this reaction?

(il How is this reaction carried college laboratory?

Halogenoalkanes have marny chemical uses, particularly as intermediates in organic
reactions.

Threa reactions of 1-bromobutane, L':HEC HECHEEHEEr. are shown balow.

CH,CH,CH,CH,OH CH,CH,CH,CH.NH,
reaction 1 reaction 2
CH,CH,CH.CH.Br
reaction 3
CH,CH,CH=CH,,

(a) For each reaction, state the reagent and solvent used.

reaction 1  reagent Nﬂ\oq
solvent V"’&'&/
Nb,,

reaction 2  reagent ...
solvent Q)fk’"""\
reaction 3  reagent Nmb\"

(b) When 1-iodobutane, CH,CH,CH,CH,l, is reacted under the same conditions as those
used in reaction 1, butan-1-ol is formed.

What difference. if amy, would there be in the rate of this reaction comparaed o the
reaction of 1-bromobutana?

T CoE. end)_enete oo R e, CBC b onl).

sp'lfk(éov“"mvj'vnﬂ\c(eeo& So/ﬁe(emgp\k
JA}-Z.N(\L){%X’@('CP‘(I“O&OLEU)\U‘M

. [d]



Although few halogenoalkanes exist naturally, such compounds are important as
intermediates in organic reactions and as solvents.

The bromoalkane B has the following composition by mass: C, 29.3%; H, 5.7%; Br, 65.0%.
The relative molacular mass of B is 123.

(a) Calculate the molecular formula of B.

e,.\e 'c.;«m\)\"‘ = C; \"\7Q(

C H B¢
n < M3 ST CS My < 1224
| Q
P ﬁ' W T ().5 /L \
(21 - ST 0835 D)o B2 =5
] &
5 E 7 E l Mo eco\d"l QJmo\c\ = C5 H? Y

[3]

Halogenoalkanes such as bromoethane, C,H Br, have two different reactions with sodium
hydroxide, NaOH, depending on the conditions used.

(b) (I) When hot aqueous NaOH s used, the C,H:Br is hydrolysed 1o ethanol, C,H,OH.
Describe the mechanizm of this reaction. In your answer, show any relevant

charges, dipoles, lone pairs of electrons and movement of electron pairs by curly
arrows.
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(i) What will be formed when C,H.Br ks reacted with NaOH under different
conditions?

(lif) What are the conditions used?

(lv) What type of reaction is this?

When 1 4-dichlorobutane, CIKCH.CH,CH,CH,CI, is reacted with NaOH, two different
reactions can occur, depending on the conditions used.

(c) (I} Draw the displayed formula of the product formed when 1,4-dichlorobutane is
reacted with hot aqueous NaOH as in (b)({i).
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(i) Draw the skeletal formula of the product formed when 1, 4-dichlorobutane is reacted
with NaOH in the way you have described in (B){(H) and (b)({lii).
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