Stereoisomers

X and Y are isomers.

Which of the following compounds has a 3. Which of the following has a geometric 4
geometric isomer? 1somer? Q H H H
A H Cl i “? "
I % L| Brg_ /\ H By /\ B
H-C—~C—H / \\(‘H3 :\C—Cf" ~\\C—(:"‘
[ Cl OH H Br H H
Cl H
X Y
H H
B H Cl Nl Which line in the table shows the correct names for X and Y?
N / B Br C Br
C=C / \( /
N CcC —C
N H H/ \ll X !
A cis-1,2-dibromocyclopropane trans-1,2-dibromocyclopropane
c H a B | trans-2,3-dibromocyclopropane cis-2,3-dibromocyclopropane
N\ H,C H C | trans-1,2-dibromocyclopropane cis-1,2-dibromocyclopropane
C=C C N\ . /
H/ Cl /L = C \ D cis-2,3-dibromocyclopropane trans-2,3-dibromocyclopropane
H,C H
D H a 5. Which of the following compounds has non-superimposable mirror images?
AN 7/
C=C H H A H H 0
/ \ I N | 7
Cl H D Br—C —C —Br N—C—C
I /N
H H H H OH
B H (l'.H] 0
\ 7
e C—C
- /1 N\
. Geometric isomers H H OH
A are mirror images of each other C H OHH H
. _ LT 0
B always contain a carbon-carbon double bond H— € C— C— C—H
C have the same physical and chemical properties [!| cl " L ||4
3
D have two different groups attached to each of the carbon atoms of the bond with
restricted rotation. D H H OHH H
EEEREE
H H CH;H H




Stereoisomers

6. Which of the following is the geometric 3.
isomer of trans-1,2-dibromopropene?

Br CH,
7/ A
C=C
7 AN
H Br
H CH,Br B
Cc=C
7 AN
Br H
H CH, c
AN /
C=C
AN
Br Br
D
Br CH,Br
C=C
7/ AN
H H

7. Which of the following compounds exhibits geometric isomerism?

A

B

CH,CH,CH,CH==CH,
CH,CH==CCH,

CH;
CH,CH,CH== CHCH,
CH,CH,C==CH,

CH,

Which of the following compounds has a
geometric isomer?

H <
(I
H—C—C—H

Cl H

H «
[
H—C—C—H

Cl  CH,
H cl
\c—c
v N
H cl
H cl
c=cC
cl H

10.

) Lo

Which of the following compounds will have

an optical isomer?

B

D

—C=C—
|
H H

CH,
|
&

'H
no}

CN

C
L

H;C
I!
H/\
H;C

H;C

H"7\

Hj

H
N

Br

The number of possible stereoisomers for the compound shown is

1
2
3
4

o 0O @ >




Stereoisomers

11. Which of the following represent the same chemical substance?
A CH, = CH — CH, — CH, and CH; — CH = CH — CH;,
H Br Br Br
/ AN
B C=C \ and / C=C
Br H H H
CH,
|
C CH; — CH, —(IEH— CH, and CH; — C — CH,
|
CH;, CH,
H H Cl H
(N | |
D Cl—(IZ—C-Cl and H—-C—-C—H
| [
H Cl cl Q
2
12 Which of the following molecules does not

exhibit optical isomerism?

Br

»
= |
s

Br

=
=
=

CH(OH)CH,

D Q CHBrCHO

13

Which line in the table shows a pair of optical
isomers?

LI'H s H,C
A /L' T H ,,...-Ll‘\
H \ o - / H
Ll‘n , H,C
B /c Creeerm H — N
Br \c.\' e / Br
H,C H H H
c C=C \c = c/
/ \ / \
H CN  NC CH,
H Br Br H
D C=C C= C/
_ \
H,C CN NC CH,

15

Mandelic acid has two optical isomers
X and Y. The table shows the rotation
of plane polarised light caused by various
solutions of X and Y.

\(;oll :';fl‘.’,f \(/)oll ‘:‘;lel:f Volume of | Observed
X/cm® Y/cm? water/cm® | rotation/®
100 0 0 +158
50 0 50 +79
50 50 0 0
0 100 0 -158

What would be the observed rotation for a
solution containing 25cem® 01 moll™ X and
75em’ of 0-1 mol I”" Y2

A =79
-39-5°

C +395°

D +79°

14  Which of the following compounds can exhibit geometric isomerism?

A CH,CHBr
B CHCICHCH,

€ CH,CH,CHCCl,

D CH,C(CH,)CHCH,
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Stereoisomers

The diagram represents one enantiomer of an optically active compound where W, X, Y and
Z are four different groups.

w
|
/Cqmz

X Y

Which of the following represents the other enantiomer of this compound?

S
C"‘"‘H’Y
K
S
X C
R4 2
S
Coomnny
K
T
wC
yallll
"7

A racemic mixture is defined as

a mixture of two enantiomers
a pair of enantiomers mixed in equal proportions
a mixture of two geometric isomers

e B o T =

a pair of geometric isomers mixed in equal proportions.




Stereoisomers

1. Aspartic acid can be used to date material from living things. 3. 3-hydroxybutanal has optical isomers due to the presence of a chiral centre.
Only one optical isomer of aspartic acid is found in living things. This is called
L-aspartic acid.

H
(a) State what is meant by the term optical isomers. 1 Il'l ? Iil &0
H—C—C—C—C
[ IR I
H H H H

(b) After living things die, L-aspartic acid converts to the other optical isomer, 3-hydroxybutanal
called D-aspartic acid. An equilibrium is established.

Draw a structural formula for the optical isomer, D-aspartic acid. (i) Circle the chiral centre in the structure of 3-hydroxybutanal shown
above.
CH,COOH

(An additional diagram, if required, can be found on page 34.)

|

o €

H,N COOH

L-aspartic acid D-aspartic acid (ii) A sample of 3-hydroxybutanal formed in another reaction was found to
be optically inactive.
(c) Compare the effect that these isomers have on plane-polarised light.

State why this sample is optically inactive.

4. 1,2-dichlorocyclohexane has geometric isomers and optical isomers.
(d) State the name given to an equilibrium mixture with equal concentrations of ; s A
L-aspartic acid and D-aspartic acid, 1 IA) Explain why 1,2-dichlorocyclohexane has geometric isomers.
Bilirubin can have cis or trans isomerism.
(B) Draw a cyclic isomer of 1,2-dichlorocyclohexane that does not have
Explain fully why cis and trans isomerism can exist in some compounds an optical isomer.
with carbon-carbon double bonds. 2



Stereoisomers

5. Ephedrine can be used to prevent low blood pressure. 7 Compound X can be produced by reacting 2-chloromethylpropane with
methoxide ions.

OH H

| CH; CH,q
M

~ Hy(—C—Cl + H—0 —— H,{—C—0—CH;
CH; methoxide ion CHy
2-chloromethylpropane compound X
ephedrine
Ephedrine can exist as different optical isomers due to the presence of 8.

3-Methylpentan-2-one is optically active and exists in equilibrium with

chiral centres. its enol tautomer.

(i) Circle a chiral centre in the structure of ephedrine shown above. 1
N . . . (i) Circle the chiral centre on 3-methylpentan-2-one.
(An additional diagram, if required, can be found on page 28.)

(i) State what is meant by the term optical isomers. 1 H,C\ /H /CH3
C—C

/ \
H}C_CHZ \0

6. In the reaction of but-1-yne with hydrogen, but-1-ene is formed. . ) o
(i) Suggest why the optical activity of 3-methylpentan-2-one decreases

Explain why but-1-ene has no geometric isomers. 1 over time.



Stereoisomers

9. A more accurate representation of the structure of glucose, and its
geometric isomer galactose, is shown below.

OH Ho OH

HO
HO HO
OH OH

OH OH

glucose galactose

a) With reference to the structures shown, explain why sugars such as
glucose and galactose have geometric isomers.

b) The ring structure of glucose exists in equilibrium with its open-chain
structure. The diagram below shows the open-chain structure of one
optical isomer of glucose called D-glucose.

0 OH H OH OH
N
fc—(li—(li—lli—T—CHEDH
H 4 OHH H
D-glucose

(i) State the number of chiral centres in D-glucose.

(ii) Draw an open-chain structural formula for an optical isomer of
D-glucose.

10. An unsaturated aldehyde has the molecular formula C,H 0. The formulae of three of its
structural isomers are drawn below.

H H
H H | |
| I | ,?0 H—C—H H=-C—=C
- H 0 H 0
Sttt e G S VZ N S I
H H H H=C—-C=C-=C H=C=C—=C-=C
[ Ny I Ny
H H H H
A
B C
{a)  Which one of the above compounds does not exhibit geometric isomerism? 1
(8 One of the above compounds exhibits optical isomerism,
Copy its structural formula and circle the chiral (asymmetric) carbon atom. 1
1
11. Difluoromethanimine, FN = CHF, can exist in two isomeric forms,
When a sample of the frams-isomer was dissolved in an organic solvent at 22°C it was slowly
converted into the crs-isomer. After 7 days, 95% of the irans-isomer had been converted and no
further conversion occurred therealter.
Diraw the full structural formula of trans-dilluoromethanimine, 1
1
1




Stereoisomers

12 2-Methoxy-2-methylpropane is a compound added to unleaded petrol as a “knock inhibitor™.
. It can be synthesised by the reaction of methoxide ions with 2-chloro-2-methylpropane.

H,(.‘\ H,C
H,C—C—10Cl + H,C—0O" P HC—=C—=0
& & Ay
H,C H,C CH,
2-chloro-2-methylpropane methoxide ion 2-methoxy-2-methylpropane
I-Methoxy-2-methylpropanc does not display oprical isomerism. Draw the structural
formula of an isomer of this compound which does display optical isomerism. 1
13. Ibuprofen i1s an anti-inflammatory agent which can be synthesised from benzene as shown
below.
CH,
CH,CHCH,
c—H
H,e” Se=0
HO
ibuprofen
Copy the structure of ibuprofen and circle a chiral carbon atom. 1

In the reaction sequence shown below, 2-chloropentane reacts with sodium hydroxide in
different ways depending on the solvent used.

CH,CH,CH,

C
e\ Ne
CH,

2-Chloropentane

MNaOH in ethanol MNaOH (ag)

Elimination 5.2
reaction y reaction
Pent-1-ene and pent-2-ene Product X

Omne of the alkenes formed in the elimination reaction is present as two geometric isomers,
Draw the structures of both geometric isomers and name cach one.

15 . Propoxyphene is a pain-killing drug. Its structure is shown below,
C.H,
|
H H (8} H—=C—H CH; H

[ T I R ,CH,
H—-C—~C—C—0——Co—Cs—C—N
o 1@ 0 ® 1©® 1® Nen,

H

H CH, H H

“There are two chiral carbons in propoxyphene.

Referring to the structure above, identify both chiral carbons.




Stereoisomers

16. M . ;- of the i s of the alcohol, C4H,,OH, are used as solvents for resins and oily 17. Ibuprofen is one of the most commonly used non-steroidal anti-inflammatory drugs (NSAIDs).
mat 2
e The structure of ibuprofen is shown.
The shortened structural formulae for four of these isomers are shown in the table.
CH, CH, &
Isomer Shortened structural formula | | &
H =—=C —CH, C=—C
A (CH,(C,H,)CHCH,0H | | \
CH, H OH

B (CHy),CCH,0H

c (CH,),(C,H,)COH ibuprofen

D (C,H,),CHOH Copy the relevant part of the structure of ibuprofen and cirele the carbon which makes

ibuprofen chiral.
a) Another isomer of C(H,,OH displays optical isomerism.
One of its optical isomers is shown below.
Ili
e o o OH
ITRCR
CH(CH,),
Draw a diagram representing the other optical isomer, 1
18. Compound W reacts in two steps to form compound Y.
C,H,Br —_— CH,0 _@. C,H0
w X } 4
Dehydration of compound X produces three unsaturated isomers of molecular formula
C,H,. Two of these are geometric isomers.
= . Draw the structures of both geometric isomers and name cach one.
b) One of the four isomers, A to D, in the table above, is also optically active.

Draw a similar diagram to that shown in part (b) to represent one of its optical isomers, 1



Stereoisomers

19.

cis-Platin is a highly successful anti-cancer drug. The formula for ais-platin is [Pi{NH,),CL,).

H.N NH
L} \ /' 3
Pt

0

Parts of DNA molecule
H=-N

H N H,N

Draw a possible structure for the geometric isomer of cfs-platin.

20. Consider the following reaction scheme.

@ bit-2-ene

Explain why but-2-ene exhibits geometric isomerism vet its structural isomer but-1-ene
does not.

(B) cHCHBICH,CH,

21

10

Caonsider the following reaction sequence.

OH OH
HON | H,OHH® I
A——= HE—C—H——= H,C—C—H
I
CN COOH
B lactse axidd

Lactic acid in the form of lactate ions is dehydrogenated in the liver by the enzyme, lactate
dehyvdrogenase,

The diagram shows how ene of the optical isomers of the lactate ion binds o an active site
af ]aq.:la!q,' drll}'dnmﬂ'ﬂm.

et o the lactate O hydraphobic region
lehydroge: FAY hydrogen bonding region
ralecule

o wnic bonding region

active site

{i) Which type of intermolecular force is involved when the methyl group of the lactate
wn binds to the hydrophobic region of the active site?

(1) Draw a structure for the other optical somer of the lactate ion.

(01} Explain why thiz ether optical isomer of the lactate ion cannot bind as efficiently 1o
the active site of lactate duh'_L'r]nlguu.u_'.




Stereoisomers

22 24 The dagram below shows a reaction sequence starting from compound A which is

The structure of lactic acid is pentan-2-ol {C;H,;0).

H OH . N
| | A H" {aq)/MnO(ag) HCN
H=C—=C-C CiH,,0 CH 0 CyHy N0
e T T P A D E
H H
“** Lacrtic acid contains an asvmmetric carbon atom.
Identify, and explain, which one of the numbered carbon atoms is asymmetric. 1 Concentrated H*(aq)
H,50,
B+C F
(CyH ) (CH, 04
23 The blue colour of denim jeans comees from a dye known as indigo. Compound B can exist as two geometric isomers.
Compound C is pent-1-ene.
[ H
O PO 15 the oxidation product of compound A.

1] \ C d I is th ad rond f d A

C N
\{--":{ {a) Name and draw the structural formulae for the two geometric isomers of compound B.
s AN

bl [

l:[ Jj‘r Name and draw the structural formulae for the two geometric isomers of compound B,

indigo
Diraw a structural formula for the geomelnc isormer of inr]igu. 1

25 Lipoic acid has recently been used as a food supplement. The skeletal structural formula of lipoic
acid ix shown below,

O

OH
S-S

by (i) Lipoic acid i optically active. Copy the skeletal structural formula of lipoic acid and
circle the carbon atom responsible for the optical activity of lipoic acid.

(i)  Why does this carbon atom make lipoic acid optically active?

11



Stereoisomers

26 A monocarboxylic acid, X, has an empirical formula of CH,0. \,'. hen 10-0em’ of an AQUEDUS
solution of X wuluuung 7851, was titrated against (- D—‘l'-i mol T sodium hydroxide the titre

volume was 17-8cm’.

X contains an asymmetric carbon atom.

(i) Deduce the structural formula of X, 1
COOH
C gy
h— \'"'OH
CHs
(i) Plane-polarised light is not rotated when passed through an agueous solution of X.
Suggest a reason for this. 1
27 . . .
A student designed the following reaction sequence.
H H I-I{ o H H H aH H H H
[ N e I I x Lo H
H_C_?_?—C —— H“F_C_C_C-H — H=C=C—-C=(
" | | ] | |
H H H H H H H H H H \H
Yl
Prgy 1 r Ty Ty
i | | | |
H-C-C—C—C—H qz'—H—CI:A—(I:—C—C—H -« H-C-C—C—C—H
|| | I 1 |
H H H H H OHH H H Br H
(e} (1) Why does @ not have geometric isomers despite the presence of a carbon to
carbon do bond? N
a
(ii)  Which of the compounds @ - ® have optical isomers? 2

4

12



Stereoisomers

X and Y are isomers.

Which of the following compounds has a 3. Which of the following has a geometric 4
geometric isomer? 1somer? Q H i i
H W 4 W4
A H Ci | C H C
[ A C B /\ » Bra_/\ »Br
H-C—~C—H / \\(‘HJ :\C—Cf" ~\\C—C”.
[ Cl OH H Br H H
Cl H
X Y
H H
B H Cl Nl Which line in the table shows the correct names for X and Y?
N / Br & Br
C=C / \( /
N CcC —C
N H H/ \H X !
A cis-1,2-dibromocyclopropane trans-1,2-dibromocyclopropane
B | trans-2,3-dibromocyclopropane cis-2,3-dibromocyclopropane
C H Cl
N / . ) — ——
C=C 5 H,( \ /ll C Jtrans-1,2-dibromocyclopropane cis-1,2-dibromocyclopropane
H/ Cl /L = L\ D cis-2,3-dibromocyclopropane trans-2,3-dibromocyclopropane
H.C H
@ H a 5. Which of the following compounds has non-superimposable mirror images?
7/
C=C lll lll A H H o
{ D Ve \ | 7
Cl H Br—C —C —Br N—C—C
(. /N
H H H H OH
H CH] 0
\ c| /
- /1 N\
. Geometric isomers H H OH
A are mirror images of each other C H OHH H
. _ LT 0
B always contain a carbon-carbon double bond H— € C— C— C—H
C have the same physical and chemical properties J' cl " L ||4
3
have two different groups attached to each of the carbon atoms of the bond with
restricted rotation. D H H OHH H
EEEREE
H H CH;H H

13




Stereoisomers

6. Which of the following is the geometric 3. Which f’f. the following compounds has a 10. Which of the following compounds will have
isomer of trans-1,2-dibromopropene? geometric isomer? an optical isomer?
Br CH,
\ / A H < A CH,
A c=cC I |
/ AN H—C—C—H C oy
H Br I e \(l\'
¢ H :
CHj3
H\ /CHIBI' B lll Ll.l @ l
— G
B /C C\ H—C—C—H Br/ \ ',’
CN
Br H | I
Cl CH,
C H;3C
|
H CH C H cl P
N Vs N H"'/( \
Cc=cC P e HyC Br
7 N .
B, . H a
’ D H,C
@ N I
.(‘
B CH,B c=cC H"/"\
N /N Nt H
D Cc=C cl H
/ N
H H
7. Which of the following compounds exhibits geometric isomerism? 9. T H T
A CH,CH,CH,CH=CH, H— T_ T=? T —H
B CH3CH=(I'.CH3 H H/ H/ OH H
CH, . . .
The number of possible stereoisomery/for thg compound shown is
CH,CH,CH== CHCH,
A 1
CH3CH2(I:=CH2 B 2 2 geometric and 2 optical
CH, C 3
©X

14



Stereoisomers

11. Which of the following represent the same chemical substance?
A CH, = CH — CH, — CH, and CH; — CH = CH — CH;,
H Br Br Br
/ AN
B C=C \ and / C=C
Br H H H
CH,
|
C CH; — CH, —(IEH— CH, and CH; — C — CH,
|
CH;, CH,
H H Cl H
(N | |
D Cl—(IZ—C-Cl and H—-C—-C—H
| [
H Cl cl Q
2
12 Which of the following molecules does not

exhibit optical isomerism?

Br

>
= |
=

Br

=
=
=

CH(OH)CH,

D Q CHBrCHO

13

Which line in the table shows a pair of optical
isomers?

LI'H s H,C
A /L' T H ,,...-Ll‘\
H \ o - / H
Ll‘n , H,C
B /c Creeerm H — N
Br \c.\' e / Br
H,C H H H
c C=C \c = c/
/ \ / \
H CN  NC CH,
H Br Br H
D C=C C= C/
_ \
H,C CN NC CH,

15

Mandelic acid has two optical isomers
X and Y. The table shows the rotation
of plane polarised light caused by various
solutions of X and Y.

\(;oll :';fl‘.’,f \(/)oll ‘:‘;lel:f Volume of | Observed
X/cm® Y/cm? water/cm® | rotation/®
100 0 0 +158
50 0 50 +79
50 50 0 0
0 100 0 -158

What would be the observed rotation for a
solution containing 25cem® 01 moll™ X and
75em’ of 0-1 mol I”" Y2

A =79°

C +395°
D +79°

14  Which of the following compounds can exhibit geometric isomerism?

A  CH;CHBEr

CHCICHCH,

€ CH,CH,CHCCl,
D CH,C(CH,)CHCH,

15




Stereoisomers

16 The diagram represents one enantiomer of an optically active compound where W, X, Y and
Z are four different groups.

w
|
/Cqmz

X Y

Which of the following represents the other enantiomer of this compound?

o
C"‘"‘H’Y
K
B
X C
Y/ e
]
Coomnny
K
wC
yallll
"7

17  Aracemic mixture is defined as

A a mixture of two enantiomers

a pair of enantiomers mixed in equal proportions
C  a mixture of two geometric isomers

D  a pair of geometric isomers mixed in equal proportions.

16



Stereoisomers

1. Aspartic acid can be used to date material from living things. 3. 3-hydroxybutanal has optical isomers due to the presence of a chiral centre.

Only one optical isomer of aspartic acid is found in living things. This is called
L-aspartic acid.

H
H \Cl H
(a) State what is meant by the term optical isomers. 1 | | &0
H—C ‘@— C—C
non-superimposable mirror images of each other Il-l H I-I'l \H
(b) After living things die, L-aspartic acid converts to the other optical isomer, 3-hydroxybutanal
called D-aspartic acid. An equilibrium is established.
Draw a structural formula for the optical isomer, D-aspartic acid. 1 () chdE the chiral centre in the structure of 3-hydroxybutanal shown
dDove.
CH,COOH CH.CO0H (An additional diagram, if required, can be found on page 34.)
H e C _— ¢
P N
WN  COOH HOOC™ \["H
NHz (i) A sample of 3-hydroxybutanal formed in another reaction was found to
L-aspartic acid L)-aspaﬁm acid be optically inactive.
(c) Compare the effect that these isomers have on plane-polarised light. 1 Stgitsep":n'}"_' léf:l;i:ample & optically inactive.
Rotates light in same amounts in opposite directions Racemic mixture
1,2-dichlorocyclohexane has geometric isomers and optical isomers.
(d) State the name given to an equilibrium mixture with equal concentrations of 4. (A) Explain why 1,2-dichlorocyclohexane has geometric isomers.
L-aspartic acid and D-aspartic acid. 1
Restricted rotation in the ring
Racemic

(B) Draw a cyclic isomer of 1,2-dichlorocyclohexane that does not have

- . . . an optical isomer.
2. Bilirubin can have cis or trans isomerism.

Explain fully why cis and trans isomerism can exist in some compounds cl Cl Cl
with carbon—carbon double bonds. 2

OR

Two different groups attached to each carbon atom (1)

cl

Restricted rotation (around the carbon carbon double bond) (1) 17



5.

6.

Stereoisomers

Ephedrine can be used to prevent low blood pressure.

ephedrine

7. Compound X can be produced by reacting 2-chloromethylpropane with
methoxide ions.

CH, CH,4
HyC—C—Cl + HyC 0 = H,C 1!’. 0 CH,
CH, methoxide ion "!F-H:J.
2-chloromethylpropane compound X

Compound X is not optically active.

Ephedrine can exist as different optical isomers due to the presence of

chiral centres.

Draw an isomer of compound X that is optically active.

(i) Circle a chiral centre in the structure of ephedrine shown above. CsHy CH(CH:)cHs CHs CaHs

(An additional diagram, if required, can be found on page 28.)

(ii) State what is meant by the term optical isomers.

non-superimposable mirror images of each other

In the reaction of but-1-yne with hydrogen, but-1-ene is formed.

Explain why but-1-ene has no geometric isomers.

But-1-ene has two hydrogens/the same group on first carbon of the C=C

Co WC .
HO:?CHC% HO™/" ~CH, HocHz--j/C “CH; CH30"':/C TCHs
H H H

pentan-2-ol 3-methylbutan-2-ol 2-methylbutan-1-ol 2-methoxybutane

3-Methylpentan-2-one is optically active and exists in equilibrium with
its enol tautomer.

(i) Circle the chiral centre on 3-methylpentan-2-one. 1
1 H,C H CH
3 Vak
G
N\

(i1) Suggest why the optical activity of 3-methylpentan-2-one decreases
over time. 1

A racemic mixture is forming
18




Stereoisomers

9a) A more accurate representation of the structure of glucose, and its
geometric isomer galactose, is shown below.

OH Ho OH

HO

OH OH
OH OH

glucose galactose

With reference to the structures shown, explain why sugars such as
glucose and galactose have geometric isomers.

Restricted rotation in the ring

b)

The ring structure of glucose exists in equilibrium with its open-chain
structure. The diagram below shows the open-chain structure of one
optical isomer of glucose called D-glucose.

o OH H OH OH
?c L c fF O)c XD cnion

H 4 OHH H

D-glucose

(i) State the number of chiral centres in D-glucose.

4
(ii) Draw an open-chain structural formula for an optical isomer of
D-glucose.
R e e
OHC—C—C—C— C—CHz:0H OHc—lc—zlz—.lc—T—CHon
OHOHH H H OH OHH
H ?H H ?H ?H |_|4 (]')H H

|
| OHE—C—C—C— €—CH:0H
HHHH H OHH OH

OHC*C*T’*C* C—CH:0H

10. An unsaturated aldehyde has the molecular formula C,H 0. The formulae of three of its
structural isomers are drawn below.

H
| |
H H
e 0 " H—C—H . ; H—C—C .
St e R N SV NN A
H H=C—-C=C-=C H=C=C—=C-=0C
A H H H H
B c

{a)  Which one of the above compounds does not exhibit geometric isomerism?

Molecule C

(5 One of the above compounds exhibits optical isomerism.
Copy its structural formula and circle the chiral (asymmetric) carbon atom.

CH;

CHp=CH™™ CHO
H

11 Difluoromethanimine, FN = CHF, can exist in two isomeric forms,
When a sample of the frams-isomer was dissolved in an organic solvent at 22°C it was slowly
converted into the crs-isomer. After 7 days, 95% of the irans-isomer had been converted and no

further conversion occurred therealter.

Diraw the full structural formula of trans-dilluoromethanimine,

- /F
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Stereoisomers

12 2-Methoxy-2-methylpropane is a compound added to unleaded petrol as a “knock inhibitor™.
: It can be synthesised by the reaction of methoxide ions with 2-chloro-2-methylpropane.

H]C\ H,C
HC—C—1Cl + H,C -0 o= H{—-C—=0
& & .
H,C H,C CH,
2-chloro-2-methylpropane methoxide ion 2-methoxy-2-methylpropane

I-Methoxy-2-methylpropanc does not display optical isomerism. Draw the structural
formula of an isomer of this compound which does display optical isomerism.

Any one. CaH7 CZH5

ll"C ,...C
Ho--"/ T~CHs; | HOCH>""7~ "CHj

H pentan-2-al H 2-methylbutan-1-ol
CH(CH3)CH3 CoHs

ll"'C "
HO™ 7" "CH; | cHs0~~ch,

H 3-methylbutan-2-ol H 2-methoxybutane

Ibuprofen s an anti-inflammatory agent which can be synthesised from benzene as shown
13. !
below.
CH,

[
CH,CHCH,

c—H
H,c” ‘;c:n
HO

ibuprofen

Copy the structure of ibuprofen and circle a chiral carbon atom.

CH2|CHCH3

HsC o CH3
0o=C

HO H

14. In the reaction sequence shown below, 2-chloropentane reacts with sodium hydroxide in
different ways depending on the solvent used.

CH,CH,CH,

|

C

1 e
CH,
2-Chloropentane
NaOH in ethanol MaOH (aq)
Elimination 5.2
reaction y reaction
Pent-1-ene and pent-2-ene Product X

Omne of the alkenes formed in the elimination reaction is present as two geometric isomers,
Diraw the structures of both geometric isomers and name each one.

Hs¢__ _H H. _H
c=C Cc=C

H” SCHs HiC~ ™ CzHs

trans-pent-2-ene cis-pent-2-ene

Propoxyphene is a pain-killing drug. Its structure is shown below.,

15

C,H,

[
H H O H—C—H CH, H %
[ T I Y ,CH,

H—C—C—C—0—C—C—C—N

1@ @ ® 10 10 Ny
H H CH, H H ‘

There are two chiral carbons in propoxyphene.

Referring to the structure above, identify both chiral carbons

Carbon 4 &5
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Stereoisomers

16. :;I‘::xtur? of the isomers of the alcohol, C4H,,OH, are used as solvents for resins and oily
crials.

The shortened structural formulae for four of these isomers are shown in the table.

Isomer | Shortened structural formula
A (CHyNC,Hy)CHCH,0H
B (CH,),CCH,0H
C (CH,),(C,H)COH
D (C,H),CHOH
a) Another isomer of C¢H,,OH displays optical isomerism.

One of its optical isomers is shown below.

H

C
ne”

~OH
CH(CH,),

Draw a diagram representing the other optical isomer,

H
|

nC
Houl "“‘--.!,:]'_':i
(CH3)CH

b) One of the four isomers, A to D, in the table above, is also optically active.
Draw a similar diagram to that shown in part (b) to represent one of its optical isomers,

H H
| |

Cu or nC
- Hic™/ CH.OH

""CH;
\ HsCz

C:Hs

17 [huprnf-_'n 15 one of the most commonly used non-steroidal iml:i-inﬂ.\mmulnr}' drugs (NSAIDs)

“T'he structure of ibuprofen is shown.

18.

21

CH, CH, 2

I I/
H—C —CH, C—

I I A

CH, H 0OH

ibuprofen

Copy the relevant part of the structure of ibuprofen and cirele the carbon which makes

ibuprofen chiral.

C|3H3
H-—-t‘|:-—-CH2
CH;s

CH3 0

7
O

N OH

Compound W reacts in two steps to form compound Y.
® ©)
C,H,Br — CH,0 c—
w x }
Dehydration of compound X produces three unsaturated isomers of molecular formula
) PO P
C,Hy. Two of these are geometric isomers.
Draw the structures of both geometric isomers and name cach one.

CH0

H H H
,C=C:: :czc:
H CH; HiC CHs

trans-but-2-ene cis-but-2-ene

HaC




Stereoisomers

19. cis-Platin is a highly successful anti-cancer drug. The formula for ais-platin is [Pr{NH,),CL,). 21. Caonsider the following reaction sequence.
HN NH OH OH
! \ / ! HON I HEYH* |

Pt A—s |1,1:—:|:—|i—- |I,c—ti'—1|

CN COoOH

R A —— ss=ss=s=s B Lactic acid
L8] N 0 N Parts of DNA molecule Lactic acid in the form of lactate ions is dehydrogenated in the liver by the enzyme, lactate

B Y ° \ dehydrogenase,
\ \ The diagram shows how ene of the optical isomers of the lactate ion binds o an active site
]] - \ \ “ - _\_ :\‘ of ].'lq.:lal:q.' d:l:}'d.nrunu:q,-.
A N\
—N =N
H
HXN H. N
.. . . it o the lactate [} hydrophobic region
Draw a possible structure for the geometric isomer of cfs-platin. i lehydrogenase s s buseaking regicon

malecule
il o i bundimg region

NH

/ PIT \\ active site
C] {i) Which type of intermolecular force is involved when the methyl group of the lactate
wn binds to the hydrophobic region of the active site?

cl

(5]

H:N

London dispersion force /Van Der Waals’

0 Consider the lollowing reaction scheme. {ii) Draw a structure for the other optical isomer of the lactate ion.
(B) cHCHBICH,CH,

bit-2-ene
® H

Explain why but-2-ene exhibits geometric isomerism vet its structural isomer but-1-ene ‘

does not. 1
1|"'"C —
But-2-ene has two different groups attached across the C=C double bond HO CHs
‘0:C
or
) ) (i) Explain why this other optical isomer of the lactate jon cannot bind as efficiently 1o
But-1-ene has only 1 group around the C=C double bond and 3 identical groups the active site of lactate dehydrogenase.
attached

3 functional groups do not match up to the site on enzyme
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Stereoisomers

22 24 The dmgram below shows a reaction sequence starting from compound A which s
© The structure of lactic acid is pentan-2-ol (C3H,,0).
H OH 0
| | oz H'iaqh”.\hl(]f{]s]l HCN
H=C=(C=0(C CH,,0 CH,,0 CyHy, NO
D @) @ A D E
H H OH
‘v Lacne acid contains an asymmetric carbon atom.
Identify, and explain, which one of the numbered carbon atoms is asymmetric. Concentrated H*(ag)
H,S0,
Carbon atom 2 because it has 4 different groups attached
B+C F
(CH ) El',hll‘:{l.,i
Compound B can exist as two geometric isomers.
23 The blue colour of denim jeans comes from a dye known as indigo.

(0] H
] L
L N
\i. l./
—_—

7/
N C
\

H 0

indigo

lﬁj Diraw a structural formula for the geometrc wsormer of u'nliu:u.

'nlnpnund Cis pent- l-ene

‘ompound D is the oxidation product of compound A.

MName and draw the structural formulae for the two geometric isomers of compound B,

H-\ /H EHBC\ /H

c=C

Hi¢”  ™CiHs H” NCeHs

Cis pent— 2-ene Trans pent—2-ene

Lipoic acid has recently been used as a food supplement. The skeletal structural formula of lipoic
25 acid is shown below,
L8]
OH
B=5

(b} (i)  Lipoic acid is opuically active. Copy the skeletal structural formula of lipoic acid and

circle the carbon atom responsible for the oprical activity of lipoic acid.

0

O

T=5

(i)  Why docs this carbon atom make lipoic acid optically active?
It has 4 different groups attached to it
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Stereoisomers

26 A monocarboxylic acid, X, has an empirical formula of CH,0. When 10:0em’ of an AQUEDUS
solution of X, wmuiluim: 78521, was titrared against 0-049 mol ™' sodium hydroxide the titre

volume was 17-8em,

X contains an asymmetric carbon atom.

(i)  Deduce the structural formula of X, 1
COOH
" CQ"'OH
CHs
(i) Plane-polarised light is not rotated when passed through an agueous solution of X.

Suggest a reason for this.

Equal concentration of both optical isomers present (racemic mixture)

27 A student designed the following reaction sequence.
H H H H H H aH H H H
[ S Lo i H
L ow . x L,
H—C—(I;‘—IC—"L —_— H"-'.I:—C—C—C-H — H=C=C—-C=(
\ | (I | | | 5
H H H H H H H H H H

Ty 'y T
| . |
H-C-C—C—C—H q?—H—CI:A—(I:—C—C—H - H=C=C—C—C—H
[ [ R
H H H H H OHH H H Br H
(e} (i) Why does not have geometric isomers despite the presence of a carbon to
carbon double bond? *

Both atoms on one carbon of C=C double bond are the same

(ii)  Which of the compounds @ - ® have optical isomers? 2
4

DandE
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