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Chapter 2: Isomerism 

Solution 2.1 

For this question we first need to identify the number of double bond equivalents. Note that this 

molecule contains no double bonds or ring structures, so the number of double bond equivalents is 

zero. As a result, no constitutional isomers of this molecule contain double bonds or rings. Using 

the calculation from section 1.5 we get: 

 

Double bond equivalents = 5 – (12/2) + 0 + 1 = 0 

 

Next, we can draw out the linear 5-carbon backbone of the molecule and place chlorine at different 

carbon atoms along the chain. This allows us to identify 2 additional molecules with the formula 

C5H11Cl: 2-chloropentane and 3-chloropentane. These are not the only 2 constitutional isomers of 1-

chloropentane, however. The carbon backbone can be drawn with branching, leading to a carbon 

skeleton with a methyl group at the 2-position on a 4-carbon backbone. Chlorine can then be placed 

at each of the four carbon atoms along this backbone to give four more constitutional isomers of 1-

chloropentane.  
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Solution 2.2 

a. The two functional groups are placed at two different positions on the aromatic ring. 

Therefore these molecules are positional isomers. 

b. These two molecules both contain an ether functional group, but the arrangement of their 

carbon atoms differ. Therefore these are chain isomers. 

c. The carbonyl group in these two molecules has changed position along the carbon chain. It 

might be tempting to say that this is a positional isomer. However, moving the carbonyl 

from the middle of the carbon chain to the end changes the nature of the functional group 

from a ketone to an aldehyde. Therefore these two molecules are functional group isomers. 

d. These two molecules have the different connections in their carbon chain. Additionally, the 

attachment of a methyl group to the nitrogen of the amine changes the functional group from 

a primary to secondary amine. Therefore these molecules are both chain and functional 

group isomers. 

 

Solution 2.3 

a) In this case, the order of priority can be assigned simply using the atomic number of the 

atom connected via the first bond. This leads to –OH (O:8)> –NH2 (N:7)> –CH3 (C:6)> –H 

(H:1) 

b) In order to assign priority here, the atoms two bonds away from the stereocentre must be 

examined. In addition, you must remember that double or triple bonds count as being 

bonded to that atom twice or three times, respectively. This gives C–C triple bonds priority 

over C–C double bonds, and C–C double bonds priority over C–C single bonds. So, the 

order of priority is: –C≡CH > –C(H)=CH2 > –CH3 > –H 
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c) The highest priority group here is the amine (–NH2), as nitrogen has the highest atomic 

number. Hydrogen, having the lowest atomic number, is lowest priority. Two groups are 

bonded via their carbon atoms (–Et and –CH3), so in this case the next atom along should be 

examined. The first carbon atom of the ethyl group has one carbon and two hydrogen atoms 

bonded to it, whereas the methyl group has three hydrogen atoms bonded to it. The second 

carbon atom of the ethyl group gives it priority over the methyl group. Thus, the overall 

order of priority is: –NH2 > –Et > –CH3 > –H 

d) Here, looking at the first atom on the single bond, we can assign the nitrile group (–CN) as 

the lowest priority, based on atomic number. Looking at the next atoms along: the nitro 

group (–NO2) is highest priority, as it is bonded to oxygen atoms; the tertiary amine (–

NMe2) is next, as it is bonded to carbon atoms; and the primary amine (–NH2) is third, as it 

is bonded to two hydrogen atoms. 

 

Solution 2.4 

a) The groups either side of the double bond are opposite to each other, so this molecule is 

trans. 

b) The groups either side of the double bond are adjacent to each other, so this molecule is cis. 

c) Whilst the 5-membered ring is lying flat on the paper, the two OH groups are facing towards 

the viewer. These OH groups are adjacent to each other, so the molecule is cis. 

d) Even though the two methyl groups are not positioned next to each other in this ring system 

(1,3- rather than 1,2-), cis/trans isomerism still occurs, and is treated as it would be for a 1,2 

disubstituted ring. With the 6-membered ring flat on the page, one of the methyl groups 

points towards the viewer, and the other points away. The methyl groups are on opposite 

sides of the ring, and so the molecule is the trans isomer.  
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Solution 2.5 

a) On one side of the double bond, there is a thiol (–SH) and a methyl group. The sulfur of the 

thiol group has a higher priority than the carbon of the methyl group as its atomic number is 

greater. An ethyl and a methyl group are attached to the other side of the molecule. The first 

atom in each of these groups is carbon, so the next atoms along must be looked at. The first 

ethyl carbon is adjacent to two hydrogen atoms and one carbon atom, whereas the methyl 

group is bonded to three hydrogen atoms. The extra carbon atom of the ethyl group gives 

this greater priority. Having a look at the molecule now, we can see that the higher priority 

groups on either side of the double bond are adjacent to each other, so this is the Z isomer. 

b) On one side of the double bond are an amine (–NH2) and an ethyl, with the amine taking 

priority due to the higher atomic number of nitrogen. On the other side of the double bond 

are an ethyl group and a carboxylic acid. In this case, both groups have directly bonded 

carbon atoms. However, the oxygen atoms one bond further away from the stereocentre 

mean that the carboxylic acid is higher priority than the methyl group. Thus, the two highest 

priority groups are adjacent to each other, and the molecule is the Z isomer. 

c) The isopropyl group (–CH(CH3)2) is lower priority than the ethynyl group, as the first 

carbon of the ethyne is treated as being bonded to three other carbon atoms, while the 

isopropyl’s carbon is treated as being bonded to just two. On the other side, the methyl 

group is lower priority than the carbon chain bearing an alcohol, due to the two-carbon long 

chain preceding the alcohol. The two highest priority groups are opposite to each other, so 

the isomer is E. 

d) Assigning the right hand side of this molecule is easy: the nitrogen of the amine takes 

priority due to its atomic number. The left hand side is trickier. The first carbon atom of the 

upper substituent is bonded to an oxygen, a carbon and a hydrogen atom, whereas that of the 



Cook & Cranwell: Organic Chemistry 
Solutions to questions in the text 

 

© Oxford University Press, 2017.5 

lower substituent is bonded to two carbon atoms and one hydrogen atom. The greater atomic 

number of the oxygen atom gives the upper substituent priority. The two highest priority 

groups are adjacent to each other, so the molecule is Z. 

 

Solution 2.6 

a)  

 

b)  

c)  

 

d)  

 

e)  
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f)  

 

 

Solution 2.7 

 

a) Bromine is given highest priority, as it has the greatest atomic number; the ethyl group is 

given priority over the methyl, due to the second carbon atom present. Hydrogen has the 

lowest priority. Rotating this molecule to put the lowest priority group at the back, and 

following the order of priority gives us the (S) isomer. 

 

 

b) The oxygen is given highest priority, as it has the greatest atomic number; the phenyl group 

is given priority over the methyl, as the first carbon bonded to the stereocentre is treated as 

having three C-C bonds, compared to the methyl group’s three C-H bonds. Hydrogen has 

the lowest priority. Rotating this molecule to put the lowest priority group at the back, and 

following the order of priority gives us the (R) isomer. 
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c) The silicon atom is given highest priority as it has the greatest atomic number. The carbon 

atom bonded to the amine group is given priority over the ethynyl carbon, as the nitrogen 

atom has a greater atomic number than the three carbon atoms. Hydrogen has the lowest 

priority. Following the order of priority gives us the (R) isomer. 

 

 

d) The nitrogen atom is given highest priority, as it has the greatest atomic number. The carbon 

atom bonded to the carboxylic acid group is given priority over the carbon bonded to the 

ring, as the three oxygen atoms have a greater atomic number than the carbon atom of the 

ring. The carbon atom of the methyl group has lowest priority as it is only bonded to 

hydrogen atoms. Rotating this molecule to put the lowest priority group at the back, and 

following the order of priority, gives us the (S) isomer. 

 

 

e) The oxygen atom is given highest priority as it has the greatest atomic number. The carbon 

atom in the epoxide is given priority over the tert-butyl and ethyl groups, as it is bonded to 

an oxygen atom, which has a greater atomic number than the carbon atoms of the other 

groups. The carbon atom of the tert-butyl group has next priority as it is only bonded to 
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three carbon atoms, rather than the ethyl carbon’s one. Rotating this molecule to put the 

lowest priority group at the back and following the order of priority gives us the (R) isomer. 

 

 

f) Note here that the stereocentre is at the 1-position of the ethyl alcohol attached to the 

piperidine ring, not on the ring itself. The oxygen atom is given highest priority, as it has the 

greatest atomic number. The carbon atom in the ring is given priority over the methyl group 

as it is bonded to two carbon atoms, and the methyl is bonded to three hydrogen atoms. The 

hydrogen atom is lowest priority. Following the order of priority gives us (S).  

 

   

Solution 2.8 

 

a) In this simple case, it is straightforward to identify relationships between stereoisomers, as 

more than one stereocentre is needed for compounds to be diastereomers, or meso. You 

should be able to see that two groups have been switched with each other, so the 

stereochemistry has been inverted, and the two molecules are enantiomers. You should be 

able to rotate the molecules in such a way that they are mirror images of each other.  
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b) The methyl and hydroxyl groups are placed at different positions around the pyrrolidine 

ring. Therefore the two compounds are not stereoisomers – they are structural isomers. 

c) Whilst it may at first look as if the two chiral centres in the left compound have been 

inverted (which would make the two molecules enantiomers) the line of symmetry between 

C2 and C3 of the butane chain means that these compounds are meso. 

d) Firstly, assign the stereochemical configuration of the two chiral centres on each molecule. 

Starting on the left, assignment gives (S) and (R) at the 1 and 4 positions- adjacent to the 

hydroxyl and methyl groups, respectively. The right hand molecule is (R) and (S) at the 1 

and 4 positions, respectively. The two stereocentres have been inverted, and the molecule 

does not display symmetry between the two chiral centres, so these compounds are 

enantiomers. You should be able to rotate these molecules so that they are mirror images of 

each other. 

e) Assigning the stereochemical configuration of the left-hand molecule gives (S, S) at the 1 

and 2 positions (numbering from the alcohol); the right-hand molecule is (S, R) in these 

positions. These molecules are, therefore, diastereomers. You should not be able to rotate 

these molecules so that they are mirror images of each other. 

f) Assigning the stereochemical configuration of the left-hand molecule gives (R) at both chiral 

centres; the right-hand molecule is (S) in these positions. These molecules are, therefore, 

enantiomers. You should be able to rotate these molecules so that they are mirror images of 

each other. 

 

Synoptic question 2.9 

a) Firstly, calculate the number of double bond equivalents using the formula in section 

2.2. This should tell you that there are no double bond equivalents. You can start by 
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drawing out the straight-chain options. This will give you a butane chain, with the 

bromine placed at either the 1 or 2 positions, to give 1-bromobutane and 2-

bromobutane, respectively. You can then look at the options with a branched carbon 

chain. The only manner in which you can arrange four carbon atoms to make a 

branched chain is by drawing out 2-methylpropane. You can then identify two further 

constitutional isomers by placing the bromine atom at either the 1 or 2 positions to give 

1-bromo-2-methylpropane and 2-bromo-2-methylpropane. This gives 4 

constitutional isomers in total. 

 

 

b)       The information that the compound can rotate plane-polarised light means that it is 

chiral. Only one of these four constitutional isomers could possibly be chiral - 2-

bromobutane. The others do not contain a carbon atom with 4 different substituents. 

Note, though, that the direction that the light is rotated does not tell you whether the 

compound is (R) or (S). The compound that you have could be either stereoisomer, so it 

is (R)-2-bromobutane or (S)-2-bromobutane. 
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c) In this case, E2 elimination involves the formation of a double bond, with         

concomitant removal of one hydrogen and one bromine atom. The hydrogen atom can 

either eliminate from the C1 or C3 positions. Eliminating any of the three hydrogen 

atoms from the C1 position leads to the formation of but-1-ene. From the C3 position, 

two hydrogen atoms could be eliminated. Remember that E2 elimination requires the 

eliminated hydrogen to sit anti-periplanar to the leaving group (in this case Br). 

Drawing the E2 reactions occurring at both hydrogen atoms will give you two products, 

(E)-but-2-ene and (Z)-but-2-ene. As the carbon-carbon double bond is only 

disubstituted, trans-but-2-ene and cis-but-2-ene is acceptable nomenclature. Using 

either (R)-2-bromobutane or (S)-2-bromobutane will lead you to both of these products.  
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Synoptic question 2.10 

a) We will start by breaking this down into the two separate stereocentres. Starting with 

position C1, attached to the phenyl group, we need to assign priority using CIP. This 

gives us the rank order O>C(N)>Ph>H. Following the order of priority tells us that this 

is (S).  

 

Now, performing the same process on the other stereocentre gives us the order of 

priority N>C(O)>CH3>H. Following the order of priority tells us that this is also (S). 

 

b) The new stereoisomer of pseudoephedrine rotates plane polarised light by the same 

magnitude, just in the opposite direction. For this reason, X must be (+)-

pseudoephedrine’s enantiomer. Were X a diastereomer, it would not have the same 

magnitude of specific rotation. 

c) Knowing that X is the enantiomer of (+)pseudoephedrine, were are able to draw it 

simply as the mirror image of (+)-pseudoephedrine. 
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