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1 Nitrosyl chloride, NOC!I decomposes at temperatures above 100 °C to form nitrogen For
monoxide and chlorine as shown in the equation below. Exabns':ers

2NOCKg) — 2NO{g) + Ck(g)

(a) A sample of NOCIwas allowed to decompose at 127 °C and 147 atm. Assuming that
NOCI behaves ideally, show that its initial concentration is 4.48 mol dm™.

(2]

(b) A student pointed out that the assumption in {a) that NOCI behaves ideally is not
valid. Suggest and explain two possible reasons why this may be so.
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{c)} The change in the concentration of NOCI was monitored as the decomposition For

H - . . . . E . "
reaction occurred over time. The data obtained is shown in Fig. 1.1. "a;z‘;e’ 5
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Fig. 1.1

(i) Using Fig. 1.1, show that the reaction is second order with respect to NOCL

[3]

(i) Given that the rate equation is rate = k[NOCl]Z, calculate the rate constant of

the reaction, stating its units clearly.

[2]
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(i} A second experiment was conducted under the same conditions, but using half
the initial concentration of NOCL.

On the axes provided below, sketch the graph that will be obtained using data
from the second experiment, relative to that provided for the first experiment.

rate
) first experiment

= » [NOCI] ]

(d) (i) Define half-life.

(i) The rate equation for the second-order decomposition of NOC! can also be
represented in the following manner:

1 1

[NOC{], [NOCI]

o
where [NOC!]r: concentration of NOC{ at time, {,

[NOCI], = original concentration of NOC!, and

¥ = rate constant

Using this equation, derive an expression for the half-life of the reaction.
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(iii} Hence, state and explain whether the half-life of a second-order reaction will For

. . Examiner's
increase or decrease as the reaction proceeds. Use

{e) The reverse of the decomposition reaction can also occur such that NOCl is formed
from NO and Cbk.

Given that a possible mechanism for the reaction is as shown below, suggest the rate
equation for the reaction.

Step1: NO + NO 32394 N,O,
Step 2: C1, + N,O, —* 5 2NOCI

— 2]
[Total: 15]
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2 During the 2000s, researchers looked into creating high-capacity rechargeable batteries
for use in energy storage in renewable energy generation. The zinc-cerium battery shown
in Fig. 2.1 is one example of such a rechargeable battery involving redox flow.

) proton-selective
Zn(s) deposit membrane r
N
o ! °
electrolyte S | o electrolyte
storage *g I *g storage

& i @

tank o § Zn*=27n 1 Ce* =2 Ce™ | @ tank

. o [ ) )

o ' O
£ ! =
[u] ] 4]

pump pump

external
load

external circuit

Fig. 2.1

The half-cells are made up of the following:

half-cell electrolyte elecirode
702171 Zn(CH3S0:)(aq), carbon-based polymer (similar to graphite) with
CH3S0sH{aq) fine Zn metal particles on surface
Ce(CHsS03)s(aq),
Ce*/Ce™ Ce(CH3S0s)4(aq). carbon-based polymer (similar to graphite)
CH3803H(3Q)

The two electrolytes, consisting of methanesulfonic acid, CH:SO:H, and the respective
salts, are separated by a proton-selective membrane.

(a) During the discharge process, the Zn?*/Zn half-cell undergoes oxidation.

(i) Identify the polarity of the electrodes for the half-celis during the discharge

process.
s Gl 74 RO Ce* JCE™: et [1]
(i) Draw on Fig. 2.1 the direction of electron flow in the external circuit during the
discharge process. [1]
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(iii) Write the overall equation for the reaction during the discharge process.

(iv) Given that £° (Ce‘”

Ce® ) _ 41.44 V, with the aid of the Data Booklet, caiculate

the £2, for the reaction during the discharge process.

(1]

{v} Hence, calculate the standard Gibbs free energy in kJ mol .

(1]

(b) Methanesulfonic acid dissociates fully in water. During the discharging process, the
Zn?*{Zn haif-cell becomes more positive than the Ce*'/Ce*" half-cell over time.

(i) Explain how the proton exchange membrane maintains electrical neutrality.

When a high concentration of methanesulfonic acid was used, it was found that
cerium(Ill) methanesulfonate, Ce{CH3S0s)s, precipitates out in the electrolyte.

(ii) Suggest the effecton £,

cell

when a higher concentration of methanesulfonic acid
was used as the electrolyte. Explain your answer.
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(c) Although the zinc-cerium battery has potential in renewable energy storage, some For
side-reactions hinder its application. Exatr?égers

During the charging process, the electromotive force used is large enough to drive
these side-reactions to be thermodynamically feasible.

Using relevant values from the Data Booklet, identify one side-reaction during the
charging process and explain why it will occur.

{d) Suggest
(Y why the carbon-based polymer can be used as a suitable material for the
electrode for the Ce*/Ce*" half-cell.

(ii) why the zinc-cerium battery has a short lifespan, by considering the possible
reactions occurring at the Zn*'/Zn half-cell.

[Total: 12]

©EJC 9729/02/J2PE/21

www.testpapersfree.com



3 Double indicator acid-base titrations are used in scenarios where there is more than one . For
end-point to a titration. Hence, it can alsc be used to determine the composition of xagzgers

mixtures of acids, as well as the pH of buffer sclutions formed from polyprotic acids.
A typical example of a polyprotic acid is carbonic acid, where:
H,CO,(aq) + H,0(I) E H,0'(aq) + HCO,(aqg) pK,, =6.36
HCO,(aq) + H,0(l) £ H,0"(ag) + COZ (aq) pK,, =10.3
{a} Explain why the value of pKaz is higher than that of pKas.

A buffer solution was prepared by mixing Na;CO3; and NaHCO;. To determine the pH of
the buffer solution, a double-indicator titration was performed where 25.0 cm?® of the buffer
was titrated against 0.200 mol dm™ HC1. Phenolphthalein (pKn = 9.3) was used as an
indicator for the first end-paint.

After the first end-point was attained, methyl orange (pKi. = 3.7) was added as the second
indicator to the same mixture to deternmine the second end-point.

The first end-point occurred at 16.90 cm®. An additional titre volume of 19.20 cm® was
required to reach the second end point.

The reaction between CO; ions and HCI occurred in two stages, with HCQO, as the

intermediate product.

CO; (ag) + H'(aq) -» HCO;(aq)

HCO;(aq) + H'(ag) — H,CO,(aq)

(b} {i} Calculate the concentration of Cog*present in the buffer solution initially.

[1]
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10

(i) Hence or otherwise, calculate the volume of hydrochloric acid used to fully react For
with the HCO;, present in the buffer solution initially. Exaﬁézers

i1l

(iti} Using your answer 10 (b)(ii), calculate the concentration of HCO;, present in the

initial buffer solution.

[

(iv) Hence, calculate the initial pH of the buffer solution.

(1

(v} Calculate the pH of the mixture attained at the second equivalence point.

(3]
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(vi} By considering the initial concentrations of Na,CO3; and NaHCOQ;, calculate the
volume of HC! that must be added to 25.0 cm? of the buffer to produce a resuitant
mixture with a pH of 10.3.

[2]

{c) Using the information provided in the question, as well as your answers from
{b)(iv) — (b){vi), sketch a graph to show the pH changes that occur when 50.00 cm?®
of 0.200 mol dm™ HCI is added to 25.0 cm?® of the initial buffer solution.

pH

A

0 ha_ » volume of HC!
added / cm®

[2]
(d) Explain why ethanoic acid cannot be used in place of hydrochloric acid for this titration.

[Total: 13]

©®EJC 9729/02/J2PE/21 [Turn Over

www.testpapersfree.com

For
Examiners
Use



12

4 Compound U was developed in the drug discovery process for an anaesthetic. For
Examiriers

Use
Br
O
COr % 4
N ~7
H
u
{a) The foliowing synthetic scheme shows the synthesis of compound U.

Br
Br,, FeBry @]
R — S cl
NO, step I step II step I11 ﬁ
T

l slep IV

Br

8)
N ~7
H

U

(i) Draw the structures of the organic compounds Rand S.

|

R S
2]
(i) State the reagents and conditions for steps I, 1l and I'V.

SEEP 7 eeeuieeereaeeeees et ine e
oY 1 LR PP RIS
SEEP IV oo oeteeaeeeee e ee s ee e

[3]
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13

(iii) Suggest why bromination cannot be carried out in step /. For
Examiner's

Use

(iv) Describe the mechanism for the reaction in step /11.

[3]
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14

(b) During the process of drug discovery, the following four compounds, W to Z, were For
also developed. Examiner's
Use
H O O H
H
N NH;
w: ﬁ/\ X
O
NH»5
0
0

<
=
ZT
<ZI
/
N
O
T §
I=
\

Describe three simple chemical tests that could be carried out in sequence to
distinguish between compounds W, X, Y and Z. State the expected observations for

each test.

fTotal: 15]
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5 Organometallic chemistry is the study of compounds containing, and reactions involving, For
melal-carbon bonds. In addition, other bonds such as metal—nitrogen and metal-halogen Exags'gefs

bonds, are also of interest.

Common examples of organometallic compounds are
R

| R-Mg-X o L¥
R-Pb—R ? R-Cu-R
R organomagnesium organocuprate
organclead (Grignard reagents) (Gilman reagents)

where R = alkyl groups; X=CI Brorl

{a} Tetraethyllead, (C2Hs)Pb, is an example of an organolead compound, that for much
of the 20" century was the chief antiknock agent for automotive gasoline, or petrol.

(i) State and explain the shape of the tetraethyllead molecule.

In the car engine, tetraethyllead bumns to deposit solid lead and lead(I1) oxide, PbO,
which destroy the engine. Hence, lead scavengers such as 1,2-dibromoethane and
1,2-dichloroethane are used in conjunction with tetraethyllead, forming gaseous
lead(l]) bromide and lead(ll) chloride in the engine instead.

(i} Explain why PbCL and PbBr. are more volatile than PbO.

Organometallic compounds tend to act as carbon-based nucleophiles.

(b) With reference to the bonding in organometallic compounds, suggest why they tend
to act as carban-based nucleophiles.
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16

Both Gilman reagents and Grignard reagents act as carbon-based nucleophiles, adding For
across double bonds. However, the addition product with cyclohex-2-en-1-one differs for Exa{f; Zers

the two reagents.

o . R,Culi 0 RMgBr HO R
(Gilman reagent) 1 (Grignard reagent)
2
dry ether R dry ether
R '
3-alkyicyclohexan-1-one cyclohex-2-en-1-one 1-alkylcyclohex-2-en-1-ol

Nonetheless, Gilman reagent does not react with cyclohexene.

chULi
@ —%—» no addition reaction

(c) (i} Explain why Gilman reagent does not react with cyclohexene.

(ii) With the aid of a suitable diagram, explain why Gilman reagent reacts with
carbon-3 of cyclohex-2-en-1-one but not carbon-2, using the concept of
electronegativity and delocalisation in your answer.
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(i} With reference to the structure of the cyclohex-2-en-1-one and the relative For
. . Examiner's
polarity of the metal-carbon bonds, suggest why Gilman reagent reacts Use

preferentially with carbon-3 of cyclohex-2-en-1-one but Grignard reagent reacts
with carbon-1, the carbonyl carbon.

Another reaction where Gilman reagents and Grignard reagents give different product is
in their reaction with acyl chlorides.

R,CuLi RMgBr
O (Gilman reagent) O {Grignard reagent) OH

o e o

R

Gilman reagents react with acyl chloride to give ketones, while Grignard reagents react
to give tertiary alcohols.

(d) (i) State the type of reaction undergone by the acyl chloride with Gilman reagent.

(ii) The reaction with Grighard reagents involves another type of reaction. State this
second type of reaction.

(iii} Draw the skeletal formula of the product obtained when 3-methylpentanoyl
chloride reacts with the Grignard reagent, CH;CH-MgBr.

[1]
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18

Gilman reagents are also effective nucleophiles for substitution reactions with organyl For
halides, in what is known as the Corey-House synthesis, as shown below. Grignard Exatrgzers
reagents, on the other hand, perform very poorly in this reaction.

R,Culi

R'—X R'—R

organyl halide dry ether

where R = methyl, 1°, 2° 3° alkyl, aryl, alkenyl
R’ = methyl, 1°, cyclic 2° alkyl, aryl, alkenyl
X=Brorl

(e) (i) What evidence suggest an Sn2-type mechanism in the Corey-House synthesis?

(i) The Sn2-type mechanism in the Corey-House synthesis can be established by
using the following cyclic secondary bromide as an organyl halide substrate.

Br
CHj

State the observation which will confirm a Su2-type mechanism.
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19

The Corey-House synthesis is believed to proceed via first oxidative addition of the
organyl halide to give a square planar copper-containing intermediate, which then
undergoes reductive elimination to provide the product, R'-R.

R1° R—R
© 5 R=X I ®
IR-Cu-R| Li X-CuR| Li +
oxidative reductive o ell e
addition R efimination [X Cu R] L
square-planar
intermediate
R—Cu *+ LiX

(i (i) State the oxidation state of copper in

+ the square-planar intermediate: ...

(i) With reference to (f)(i), suggest why the second step is known as reductive
elimination.

Unlike the reaction of organyl halides with aqueous sodiu.m hydroxide, where aryl and
alkenyl halides are unreactive, alkenyl and aryl bromide and iodide reacts readily with
Gilman reagents. For example,

©\/\ (CH3),Culi ()\A
v B dry ether, 0 °C = CH

r

By

3
an alkenyl bromide

(g) Explain why atkenyl halides are unreactive towards aqueous sodium hydroxide.

[Total: 20]
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1 Nitrosyl chioride, NOCI decomposes at temperatures above 100 °C to form nitrogen
monoxide and chlorine as shown in the equation below.

2NOCI(g) — 2NO(g} + CL{g)

(a) A sample of NOCIwas allowed to decompose at 127 °C and 147 atm. Assuming that
NOQCI behaves ideally, show that its initial concentration is 4.48 mol dm™.

pV =nRT

_nh_PF

"V ORT

_ 147x101325
" 8.31x (127 + 273)

— 4480 mol m™
_ 4480 mol dm ™
1000

= 4.48 moldm™

[NOCI]

(2]

(b) A student pointed out that the assumption in (a) that NOCI behaves ideally is not
valid. Suggest and explain two possible reasons why this may be so.
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(c) The change in the concentration of NOC! was monitored as the decomposition
reaction occurred over time. The data obtained is shown in Fig. 1.1.

500 T71= T e l I T

4.50 =7 —H iune - -

4.00 \ s a| l
o NG il ]
E 350} N
5 SN - -
£ 300 e RS T —H—
Q T S REPNC [EEmaun RN
22.50_ —e .

2,00+ e RN

1.50 | —H : :

EERY : I i i . i
100L { : i : il \\'7+" I T
00 10 20 30 40 50 60 70 80 90 100
time/h
Fig. 1.1

() Using Fig. 1.1, show that the reaction is second order with respect to NOCL.

rate at 4.00 mol dm™ :‘M =0.5965 moldm™ h™
00-57
rate at 2.00 moldm™ = M =0.1500 moldm™ h”’
0.0-10.0
0.596

~4 times when [NOC1] doubles, the
T oaction is second order with réspect to NOCL

Since the rate increases by
0.150

[3]

(it} Given that the rate eguation is rate:k[NOCl]z, calculate the rate constant of

the reaction, stating its units clearly.

rate = k[NOClr
0.5965 = k (4.00)
k = 0.0373mol” dm® h'

(2]
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(iif) A second experiment was conducted under the same conditions, but using half
the initial concentration of NOCI.

On the axes provided below, sketch the graph that will be obtained using data
from the second experiment, relative to that provided for the first experiment.

rate

+ first experiment

» [NOCI] (]

{d) (i) Define half-iife.

BARLE R S o~ B I B o A A T

(ii) The rate equation for the second-order decomposition of NOCI can also be
represented in the following manner:
1 _ 1 it
[NOCI]? [NOCZ]G

where [NOCI],= concentration of NOC/at time, 1,
[NOC!], = original concentration of NOC, and

k = rate constant

Using this equation, derive an expression for the half-life of the reaction.

1 1

- =kt
[NOCI],  [NOCT],
1 B 1 — ki
j..[rqocz] [Nnoct,
2 0
1
f1 [ —
:  k[NOCI|
1]
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(iii) Hence, state and explain whether the half-life of a second-order reaction will For

. . Examiner's
increase or decrease as the reaction proceeds. Use

{e) The réverse of the decomposition reaction can also occur such that NOCIis formed
from NO and CF.

Given that a possible mechanism for the reaction is as shown below, suggest the rate
equation for the reaction.

Step1: NO + NO 3238 N,O,
Step2: CI, + N,O, —=— 2NOC!

From slow step: rate = k[CL][N,0, ]
However, N,O, is an intermediate.
From Step 1,

[NoT
rate = Kk[CL|[N,Q,]

= kfct,] (k. [NoT |

<

- k'[CL][NO]’, where k' = kx K,

-, [

[Total: 15]
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2 During the 2000s, researchers locked into creating high-capacity rechargeable hatteries
for use in energy storage in renewable energy generation. The zinc-cerium battery shown
in Fig. 2.1 Is one example of such a rechargeable battery involving redox flow.

] proton-selective
Zn{s) deposit } membrane {

N\

N
o , @
electrolyte B , 3 electrolyte
[ A
storage 5 1 3 storage
o ! o
tank o R Zn = Zn 1 Ce* = Ce | ® tank
o ! o
2 ' £
jan) } m
o ; &

external
joad AN

Fig. 2.1

external circuit

The half-cells are made up of the following:

half-cell electrolyte electrode
27 Zn({CH23504:):(aq), carbon-based polymer (similar to graphite} with
frien CH3S0CsH(ag) fine Zn metal particles on surface
Ce{CH:50s)s(aqg).
Ce*'/Ce™ Ce(CHs50:)(aq), eathon-based polymer (similar to graphite)
CH3S0:H({aq)

The two electrolytes, consisting of methanesulfonic acid, CH3;SOsH, and the respective
salts, are separated by a proton-selective membrane.

(a) During the discharge process, the Zn**/Zn half-cell undergoes oxidation.

(i) Identify the polarity of the electrodes for the half-cells during the discharge
process.

Zn*/Zn; ... negative Ce*/Ce®: ... positive 1]

(i) Draw on Fig. 2.1 the direction of electron flow in the external circuit during the
discharge process. (1]
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(iii) Write the overall eguation for the reaction during the discharge process.

{iv) Giventhat E® (Ce‘“ ‘Ce“) =+1.44 Vv, with the aid of the Data Booklet, calculate

the EZ for the reaction during the discharge process.

Zn(s) — Zn” (ag)+ 2e £ =-076V
E® - 1144 _( 0.76)=+2.20V

cell

(1l
(v) Hence, calculate the standard Gibbs free energy in kJ mol™.
AG® = -nFEZ,
= —(2)(96500)(+2.20)
= -424600 J mol”’
——425kJmol ™’ (3s5.f.)
(1]

{b) Methanesulfonic acid dissociates fully in water. During the discharging process, the
Zn?*/Zn half-cell becomes more positive than the Ce*"/Ce®" half-cell over time.

(i) Explain how the proton exchange membrane maintains electrical neutrality.

tank to maintain electrical neutrality. e [1]

When a high concentration of methanesulfonic acid was used, it was found that
certum(I1I) methanesulfonate, Ce{CHsSOs)s, precipitates out in the electrolyte.

(i) Suggest the effect on E_, when a higher concentration of methanesulfonic acid

cell

was used as the electrolyte. Explain your answer.
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(c)

(d)

©EJC

Although the zinc-cerium battery has potential in renewable energy storage, some
side-reactions hinder its application.

During the charging process, the electromotive force used is large enough to drive
these side-reactions to be thermodynamically feasible.

Using relevant values from the Data Booklet, identify one side-reaction during the
charging process and expiain_why it will occur.

Suggest
(i) why the carbon-based polymer can be used as a suitable matenal for the

electrode for the Ce**/Ce** half-cell.

)

(i) why the zinc-cerium battery has a short lifespan, by considering the possible
reactions occurring at the Zn**/Zn half-cell.

The Zn electrode will be corroded over time by the acidic electrolyte. . .

[Totak 12]
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Double indicator acid-base titrations are used in scenarios where there is more than one
end-point to a titration. Hence, it can also be used to determine the composition of
mixtures of acids, as well as the pH of buffer solutions formed from polyprotic acids.

A typical example of a polyprotic acid is carbonic acid, where:

H,CO,(aq) + H,0(!) E H,0'(ag) + HCO;(aq) pK,, =6.36

HCO(aq) + H,O() E H,0'(aq) + CO? (aq) pK,, =10.3

(a) Explain why the value of pKaz is higher than that of pKas.

A buffer solution was prepared by mixing Na:CO3; and NaHCOs. To determine the pH of
the buffer solution, a double-indicator titration was performed with 25.0 cm’® of the buffer
against 0.200 mol dm™ HC! using phenolphthalein (pKi. = 9.3) as an indicator for the first
end-point.

After the first end-point was attained, methyl orange (pKin = 3.7) was then added as the
second indicator to the same solution to determine the second end-point.

The first end-point occur at 16.90 cm® An additional titre volume of 19.20 cm® was
required to reach the second end point.

The reaction between COZ ions and HC! occurs in two stages, with HCO, as the

intermediate product.

CO¥ (aq) + H'(aq} - HCO,(aq)
Poongy,

HCO;(aq) + H'(ag) - H,CO,(aq)

(b) (i) Calculate the concentration of COi’ present in the buffer solution initially.

Mooz = Mcy reacted at the first end-point
= 16'98 % 0.200 = 3.38x 10" mol
» 7 3.38x107°
ECOC% :|7 25£
1000
=0.1352
~0.135 moldm™
[1]
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10

(i) Hence or otherwise, calculate the volume of hydrochloric acid used to fully react
with the HCO;, present in the buffer solution initially.

n,., required to react with CO; at the second end-point
= 2N = 2% 0.1352 25
: 1000
=6.76 x107° mol
volume of HC! required to react with CO;™ = 6.76x107
0.200
- 0.0338 dm’
=33.80 cm’
volume of HC/ required to react with HCO; =36.10-33.80
-2.30em’
Alternatively, 19.20 — 16.90 = 2.30 cm® M1

(i)} Using your answer to (b)(ii}, calculate the concentration of HCO; present in the

huffer solution.

2.30 .
Mo, = e :mXO.2UO:4.BUx1O mol
4 460x10™ 73
[HCO, |- 250 0.0184 mol dm
1000 "

{iv) Hence, calculate the initial pH of the buffer solution.

{CO%1
H=pK_ +lgie=sd
PH=PRe "8 ncon]
0.1352

0.0184

i
—

0.

+1g

MW

(1]

i
sy

:

1

{v) Calculate the pH of the mixture attained at the second equivalence point.

At the second equivalence paoint, the solution comprises H.COs only
=3.38x10™ - 4.60x 107

Mhco, = nco_:".' 0
=3.84x10" mol

~3.84x10°
~25.0+36.10
1000

[H']= yK,, x[H,CO,]

[H.CO,] ~.06284 mol dm™

=105 x0.06284
=1.656x10 mol dm™
pH = —ig{1.656 x107)
=3.78
© EJC 9729/02/J2PE/21
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(vi) By considering the initial concentrations of Na:CO3z and NaHCOQOs, calculate the
volume of HClto be added to 25.0 cm?® of the buffer to produce a resultant mixture
with a pH of 10.3.

DHICE Pr = PAaz = TULD

[CO;"’ J _ [HCO'EE: 0.1352+0.0184

=0.0768 mol dm™

(0.1352-0.0768) x =%

. volume of HC! added - 1000
0.200

=7.30x107 dm®
~ 7 2N ~m?

[2}

(c) Using the information provided in the question as well as your answers from (b){iv) —
(b}{vi), sketch a graph to show the pH changes that occur when 50.00 cm?® of
0.200 mol dm™ HCl is added to 25.0 cm® of the initial buffer solution. :

imeoF HC!
ad/ cm?
12]

(d) Explain why ethanoic acid cannot be used in place of hydrochloric acid for this titration.

[Total: 13]
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4  Compound U was developed in the drug discovery process for an anaesthetic.

Br

0
Ol f

N T

H
u

{a) The following synthetic scheme shows the synthesis of compound U.

Br
Br,, FeBr; o
R S cl
NO, step I step II step HI H

T

step IV

Br

O
N e
H

U

(i) Draw the structures of the organic compounds R and S.

NH,, N

Ol - @R j\rc

(i} State the reagents and conditions for steps !, 1 and IV,

step J-_Sn, conc. HCY, heat followed by NaOH atrt ...
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(iii) Suggest why bromination cannot be carried out in step /.

(iv) Describe the mechanism for the reaction in step ///.

Type of mechanism: Electrophilic substitution
FeBr, + Br, £ Br~ + FeBr;

H
~Bro

- OE \\\\\M i
cl + B 2%, cl
N N
H H
H Br
~N—BrQ ; 0
fast i
Cl + FQBI';{- mmm— @ CZ + Fegrg + HBI‘
N N
H

H

[3]
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(b) During the process of drug discovery, the following four compounds, W to Z, were For
also developed. Exagwners
5e
H O O H
H
N NH,
W: u/\ X
O 0
NH,
O
O

Describe three simple chemical tests that could be carried out in sequence to
distinguish between compounds W, X, Y and Z. State the expected observations for
each test.

Test 1:.Add Tollens’ reagent to separate samp

Brick-red ppt WME observed for W, no brick-red ppt for X and

Cbservations:.

Observations:. Violet colouration will be observed for Z, no violet colouration for

[Total: 15]
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5 Organometallic chemistry is the study of compounds containing, and reactions involving, For
metal-carbon bonds. In addition, other bonds such as metal-nitrogen and metal-halogen Exaﬂ:gers
bonds, are also of interest.

Common examples of organometallic compounds are

R Li®
R-Pb-R R-Mg-X R-Cu-R
R organomagnesium organocuprate
organolead (Grignard reagents) {Gilman reagents)

where R = alkyl groups; X = CI, Brorl

{a) Tetraethyllead, (C:Hs)4Pb, is an example of an organclead compound, that for much
of the 20™ century was the chief antiknock agent for automotive gasoline, or petrol.

(i) State and explain the shape of the tetraethyllead molecule.

In the car engine, tetraethyllead burns to deposit solid lead and lead(II) oxide, PbO,
which destroy the engine. Hence, lead scavengers such as 1,2-dibromoethane and
1.2-dichloroethane are used in conjunction with tetraethyllead, forming gaseous
lead(Il) bromide and lead(Il) chioride in the engine instead.

{ii} Explain why PbCL and PbBr; are more volatile than PbO.

R e i A

Organometallic compounds tend to act as carbon-based nucleophiles.

(b) With reference to the bonding in organometallic compounds, suggest why they tend
to act as carbon-based nucleophiles.
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Both Gilman reagents and Grignard reagents act as carbon-based nucleophiles, adding
across double bonds. However, the addition product with cyclohex-2-en-1-one differs for
the two reagents.

0 ) R;CuLi O RMgBr HO R
(Gilman reagent) 1 (Grignard reagent)
- 2
dry ether s dry ether
R 2
3-alkylcyclohexan-1-one cyclohex-2-en-1-one 1-alkylcyclohex-2-en-1-ol

Nonetheless, Gilman reagent does not react with cyclohexene.

R,Culi

%—» no addition reaction

{c) (i) Explain why Gilman reagent does not react with cyclohexene.

(i) With the aid of a suitable diagram, explain why Gilman reagent reacts with
carbon-3 of cyclohex-2-en-1-one but not carbon-2, using the concept of
electronegativity and delocalisation in your answer.
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(iii) With reference to the structure of the cyclohex-2Z-en-1-one and the relative For
polarity of the metal-carbon bonds, suggest why Gilman reagent reacts Exa{’}’;:ers
preferentially with carbon-3 of cyclohex-2-en-1-one but Grignard reagent reacts
with carbon-1, the carbonyl carbon.

Another reaction where Gilman reagents and Grignard reagents give different product is
in their reaction with acyl chlorides. :

R,CulLi RMgBr
i (Giiman reagent) O {Grignard reagent) OH

R’ R R'/\kCl R')VR

R

Gilman reagents react with acyl chloride to give ketones, while Grignard reagents react
to give tertiary alcohols.

{(d) (i) State the type of reaction undergone by the acyl chloride with Gilman reagent.

Nucleophilic {acyl) substitution -

(ii) The reaction with Grignard reagents involves another type of reaction. State this
second type of reaction.

Nucleophilic addition

(iii) Draw the skeletal formula of the product obtained when 3-methylpentanoyi
chloride reacts with the Grignard reagent, CH;CH:2MgBr.

OH

(1]
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Gilman reagents are also effective nucleophiles for substitution reactions with organyl For
halides. in what is known as the Corey-House synthesis, as shown below. Grignard Exaﬂzzers

reagents, on the other hand, perform very poorly in this reaction.

R,CulLi

R'—X R'—R

organyl halide dry ether

where R = methyl, 1°, 2°, 3° alkyl, aryl, alkenyl
R’ = methyl, 1°, cyclic 2° alkyl, aryt, alkenyl
X=DBrorl

(e) (i) What evidence suggest an Sn2-type mechanism in the Corey-House synthesis?

(i) The Sn2-type mechanism in the Corey-House synthesis can be established by
'using the following cyclic secondary bromide as an organyl halide substrate.

Br
CH;

State the observation which will confirm a Sn2-type mechanism.

An inversion of configuration will be observed about the C-Br g-carbon. .
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The Corey-House synthesis is believed to proceed via first oxidative addition of the
organyl halide to give a square planar copper-containing intermediate, which then
undergoes reductive elimination to provide the product, R'—R.

©
o R*—X i RTR
|R-Cu-R| Li® X-Cu—R| Li® +
oxidative reductive PSS
addifion R elimination [X Cu R] L

square-planar
intermediate

R—Cu + LiX
{f) (i} State the oxidation state of copper in

¢ the square-planar intermediate: .......cccccceeenenes t 3

(i) With reference to (f}(i), suggest why the second step is known as reductive
efimination.

Unlike the reaction of organyl halides with aqueous sodium hydroxide, where aryl and

alkenyl halides are unreactive, alkenyl and aryl bromide and iodide reacts readily with
Gilman reagents. For example,

@\/\ (CH3),Culi @v\
= B dry ether, 0 °C = CH

r

3
an alkenyl bromide

(g) Explain why alkenyl halides are unreactive towards agueous sodium hydroxide.

[Total: 20]
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