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Chapter 1: Foundations 

Solution 1.1 

a)  

 

b)   

 

c)   
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d)   

 

Solution 1.2 

a)   

Note that this is actually cis-but-2-ene, but for the purpose of this exercise it could also be in this 

configuration: 

 

You can tell the difference by the position of the hydrogen atoms relative to the double bond. We will 

cover this cis/trans isomerism later in the workbook. 

b)   

c)  

d)  



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

 

© Oxford University Press, 2017.3 

e)  

f)  

 

 

Solution 1.3 

a) 3-methylpentane; the longest continuous carbon chain is five atoms long, giving this molecule ‘pent’ 

as the root name. Numbering along this carbon chain puts a -CH3 or ‘methyl’ group in the C3 

position, giving the prefix 3-methyl. There are no functional groups present so this is an alkane, 

ending ‘-ane’. 

b) 4-ethyl-5-methylhept-1-ene; the longest continuous carbon chain is seven atoms long, giving this 

molecule ‘hept’ as the root name. The only functional group present is the vinyl (alkene) group, 

which we can define as the C1 position. This adds -1-ene as the suffix. Counting along the parent 

hydrocarbon chain places the ethyl group at the C4 position, and the methyl group at C5. This gives 

us the prefix 4-ethyl-5-methyl. Remember that the prefixes are always placed in alphabetical order. 

c) Propanoic acid; there are three carbon atoms in the parent hydrocarbon chain, giving the root name 

‘propan’. The functional group COOH is a carboxylic acid, which adds the suffix –oic acid. 

d) 3-methylcyclohexan-1-ol; the longest continuous carbon chain is six atoms long and cyclic, giving 

this molecule ‘cyclohexan’ as the root name.  The alcohol functional group is higher priority than the 

methyl group, so numbering starts there and proceeds around the cyclohexane ring. Numbering 

anticlockwise around the cyclohexane ring puts the methyl group in the C3 position, whereas 
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numbering clockwise puts it in position C4. We must always use the lower number in this situation, 

so the prefix is 3-methyl. 

e) 4-bromopentan-2-ol; the longest continuous carbon chain is five atoms long, giving this molecule 

‘pentan’ as the root name. Now we must decide whether the numbering system used places the 

alcohol group at the C2 position and the bromide group at the C4 position, or vice-versa. The alcohol 

has a higher priority than the bromide group, so must be given the lower number. 

f) 1,2-dichlorobenzene, or ortho-dichlorobenzene. The six-membered ring here has the trivial name 

‘benzene’. IUPAC have permitted this to be used in their nomenclature, rather than cyclohexa-1.3.5-

triene. This allows us to use the root name ‘benzene’. The two substituents present are both chloride 

groups, at positions C1 and C2, giving the prefix 1,2-dichloro. Note that for benzene derivatives like 

this, we can use the prefix meta instead of 1,2. 

 

Solution 1.4 

a)   

The “octane” at the end of the molecule name denotes that the longest carbon chain is eight 

atoms long and is an alkane. Positioned on this chain is an –ethyl group (–CH2CH3) at the 4
th
 

carbon, and two (di) methyl groups (–CH3) on the 6
th
 carbon. 

b)  

The “propane” at the end of the molecule name denotes that the longest carbon chain is three 

atoms long and is an alkane. It is preceded by “cyclo”, denoting that it is in a ring. Positioned on 
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this chain are two methyl groups (–CH3). As there are no other functional groups, placing these 

two groups on the same carbon atom will make that the 1 position by definition. 

 

c)  

The “pentane” at the end of the molecule name denotes that the longest carbon chain is eight 

atoms long and is an alkane. Positioned on this chain are two chloride groups (–Cl) on the 1
st
 and 

3
rd 

carbon atoms. 

 

d)  

The “1-ol” at the end of the molecule name denotes that this molecule is a primary alcohol. 2-

propyn preceding this denotes that this molecule is three carbon atoms long, and that there is an 

alkyne group between the second and third carbon atoms of the chain. Note that if the alkyne 

was on the same atom as the alcohol, this would be 1-propyn-1-ol. 

 

e)  

The “benzene” at the end of the molecule name denotes that we have an aromatic 6-membered 

ring present. This is a trivial name, but is still in common use. Positioned on this ring is a –
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methyl group 1
st
 carbon, and a 1-methylethyl group at the 4

th
 position. 1-methylethyl groups are 

commonly called “isopropyl”. 

 

f)  

The “octa-1,6-dien” positioned in the middle of the name tells us that this is an alkene in the 1 

and 6 positions of an 8 carbon chain. The “3-ol” at the end of the molecule name denotes that 

this molecule is an alcohol at the 3 position of the longest carbon chain. Finally, the 3,7-

dimethyl indicates to us that there are methyl groups at the 3
rd

 and 7
th
 carbon atoms. 

Solution 1.5 

Firstly, identify the AOs that the valence electrons of the two helium atoms reside in. Helium has the 

electronic configuration: 1s
2
, so the two valence electrons are in a 1s orbital. If we were to combine the 1s 

AOs of two helium atoms, we would produce two new MOs. These would be σ bonding and σ* antibonding 

MOs, because s orbitals cannot form π bonding MOs. We can then fill these MOs with the four electrons 

from the two constituent helium atoms. If we draw this on an MO diagram it should look like this: 

 

 

Energy

1s 1s

He He

σ

σ*

He2
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We can see that both the σ bonding and σ* antibonding MOs are filled with electrons – this implies that the σ 

bond would be broken in this case, and the bond order would be zero. However, to double check this we can 

use the bond order equation: 

bond order = (number of electrons in bonding orbitals – number of electrons in antibonding 

orbitals)/2  

bond order = (2-2)/2 = 0 

 

Solution 1.6 

a) Placing two 2p orbitals ‘head-on’ allows for good orbital overlap and the formation of a σ-bond, 

as long as the two orbitals are in-phase. However, we must remember that a σ* anti-bonding 

orbital could also be formed from out-of-phase overlap of the two 2p orbitals. We can draw both 

of these scenarios pictorially: 

 

b) Placing two 2p orbitals ‘side-on’ allows for poor orbital overlap and the formation of a π-bond, 

if the two orbitals are in-phase. A σ* anti-bonding orbital would also be formed from out-of-

phase side-on overlap of the two 2p orbitals. We can draw both of these scenarios pictorially: 

out-of-phase

σ2p2p

2p2p

in-phase bonding orbital

σ*

antibonding orbital
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Solution 1.7 

a) The carbon atoms in the 3 and 4 positions possess only σ-bonds, so are sp
3
 hybridised. However, the 

carbon atoms in the 1 and 2 positions are π-bonded to each other, so are sp
2
 hybridised. 

 

b) The carbon at position 1 has one π-bond to the oxygen atom of the acid chloride, so it is sp
2
 

hybridised. The carbon atom in the 2 positions possesses only σ-bonds, so is sp
3
 hybridised. The carbon 

atoms in the 3 and 4 positions are triple-bonded to each other, so have 2 π-bonds each, and are sp 

hybridised. 

 

π

π*

2p2p

in-phase bonding orbital

antibonding orbital

2p2p

out-of-phase
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c) The carbon atoms in the 1 and 2 positions are π-bonded to each other, so are sp
2
 hybridised. The 

carbon atoms in the 3 and 4 positions possess only σ-bonds, so are sp
3
 hybridised.  

 

d) The C1 atom in this molecule (ethenimine) contains two π-bonds, so is sp hybridised. This may 

seem unusual, as sp hybridised carbon atoms often contain triple bonds, but the 2 p orbitals needed 

to form these two double bonds means that this must be sp hybridised. Additionally, we can see that 

ethenimine is linear around this carbon, which is characteristic of an sp hybridised carbon atom. 

The C2 carbon is sp
2
 hybridised as it contains only one π-bond. 

 

e) For clarity’s sake, in this example we will split the molecule into two parts: the propyne (containing the 

triple bond between C1 and C2), and the phenyl group attached to the C3 of propyne. The phenyl group is 

entirely constituted of 6 sp2 hybridised carbon atoms, which can be treated as containing a single π-bond 

each. C1 and C2 of the propyne group are sp hybridised, due to the possession of two π-bonds 

each (forming the triple bond). This sp hybridisation is reflected in their linear geometry. C3 is sp3 

hybridised, and contains only σ-bonds. 
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f) All carbon atoms in this molecule contain one π-bond; there are two carbonyl groups and two 

carbons in an alkene. This means that all carbon atoms are sp
2
 hybridised. 

Solution 1.8 

a) The oxygen atom does not have any π-bonding to it, so in order to minimise the energy of valence 

electrons, all three 2p orbitals of oxygen will hybridise with the 2s orbital. This makes the oxygen 

atom sp
3
 hybridised, with two of the sp

2
 orbitals forming σ-bonds with carbon and hydrogen, and the 

other two sp
2 
orbitals containing the two pairs of non-bonding electrons 

b) The oxygen atom possesses a double bond, which is a clear indicator that it is sp
2 

hybridised. The 

nitrogen of the amide might look at first like it is sp
3
 hybridised as it contains three single bonds and 

a lone pair, but the lone pair of the nitrogen resides in a p orbital in order to conjugate with the π-

bond of the carbonyl. This makes the nitrogen atom sp
2
 hybridised. 

c) In the nitrile group there are two π-bonds to nitrogen. Thus, two 2p orbitals must be present. The 

remaining 2s and 2p orbitals will have hybridised to minimise their energy difference, leading to the 

formation of two sp orbitals, one of which forms a σ-bond with carbon, the other contains the non-

bonding pair of electrons. This means that nitrogen is sp hybridised. 

d) This compound is pyrrole, and is aromatic. Its aromaticity arises when the non-bonding pair of 

electrons in the nitrogen atom conjugates with the two π-bonds adjacent to it. In order to do this, the 

non-bonding electrons must sit planar to the π-bonds, in a 2p orbital. The remaining two 2p orbitals 

hybridise with the 2s orbital, making this nitrogen atom sp
2 
hybridised. 
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Solution 1.9 

a) C = 4; H = 8, N = 0; O not included in equation 

Double bond equivalents = 4 −  
8

2
+  

0

2
+ 1 = 4 − 4 + 0 + 1 = 𝟏 

b) C = 6; H = 12, N = 0; O not included in equation  

Double bond equivalents = 6 − 
12

2
+ 

0

2
+ 1 = 6 − 6 + 0 + 1 = 𝟏 

c) C = 4; H = 7, N = 1; O not included in equation.  

Double bond equivalents = 4 − 
7

2
+ 

1

2
+ 1 = 4 − 3.5 + 0.5 + 1 = 𝟐 

d) C = 6; H = 6 (4 H + 2 Cl), N = 0;  

Double bond equivalents = 6 −  
6

2
+  

0

2
+ 1 = 6 − 3 + 0 + 1 = 𝟒 

e) C = 20; H = 12, N = 0; O not included in equation.  

Double bond equivalents = 20 −  
12

2
+  

0

2
+ 1 = 20 − 6 + 0 + 1 = 𝟏𝟓 

f) C = 5; H = 14 (13 H + 1Cl), N = 2; O not included in equation.  

Double bond equivalents = 5 − 
14

2
+ 

2

2
+ 1 = 5 − 7 + 1 + 1 = 𝟎 

g) C = 2; H = 4 (1 H + 3 F), N = 0; O not included in equation.  

Double bond equivalents = 2 −  
4

2
+  

0

2
+ 1 = 2 − 2 + 0 + 1 = 𝟏 

h) C = 20; H = 14, N = 4; ; 
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Double bond equivalents = 20 −  
14

2
+  

4

2
+ 1 = 20 − 7 + 2 + 1 = 𝟏𝟔 

 

Solution 1.10 

6 is the correct number of DBEs present. The observable number will always be correct as long as no 

mistakes are made. As mentioned in the introductory section, the equation for calculating DBEs is not 

perfect, and does not hold for atoms in higher oxidation states. In tosyl chloride, sulfur is in the +6 oxidation 

state, and therefore invalidates the DBE equation. 

 

Solution 1.11 

i. CF4 contains polar C–F bonds, due to the large difference in electronegativity of carbon and 

fluorine (χ: 2.5 v 4.0, respectively). However, we know from VSEPR that this carbon atom has a 

tetrahedral geometry, so the molecule has symmetry around the carbon atom, meaning that the 

polar bonds ‘cancel out’ to make CF4 nonpolar. 

ii. HCN contains a C–H bond, which is considered to be nonpolar, and a CN triple bond. The 

difference in electronegativity is enough to make this bond polar (χ: 2.5 v 3.0 for C and N, 

respectively). This molecule is linear, due to the sp hybridised carbon atom, and the CN bond 

makes it polar. 

iii. BCl3 has three B–Cl bonds which have a large enough difference in electronegativity to make 

them polar (χ: 2.0 v 3.2 for B and Cl, respectively). However, VSEPR tells us that this molecule 

has a trigonal planar geometry, giving it symmetry around the boron atom, and making it 

nonpolar.  
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iv. SO2 contains two S–O double bonds which have a large enough difference in electronegativity to 

make them polar (χ: 2.6 v 3.4 for S and O, respectively). VESPR tells us that due to the lone pair 

of electrons on sulphur, SO2 has a bent geometry, making it polar. 

v. (CH3)2SO, or dimethylsulfoxide, contains S–C, C–H, and S–O bonds. The S–O bond has a great 

enough difference in electronegativity to be polar (χ: 2.6 v 3.4 for S and O, respectively), making 

the dimethylsulfoxide molecule polar. 

 

Solution 1.12 

a) The chlorine at has a –I effect, due to its electronegativity. It, therefore, withdraws some of the 

negative charge from the oxygen anion of the carboxylate, stabilising it. Inductive effects grow 

weaker as you travel further from the species causing the effect. For this reason the B is more 

stable, as the –I chlorine atom is closer to the charged atom. 

b) Alkyl groups have a +I effect, which stabilises positive charge by pushing electron density 

towards it. The carbocation in A has more adjacent +I groups, so it is more stable. 

c) The methyl group on B has a greater +I effect than the hydrogen atom in A. This +I effect is 

destabilising as it pushes additional electron density towards the charged oxygen atom. 

Therefore, A is more stable. 

d) The +I effect of alkyl substituents is destabilising to anions. Thus, due to the lower number of 

alkyl substituents, B is more stable. 

 

Solution 1.13 

a) The cyclic system in toluene is identical to benzene. It is planar, conjugated, and contains 6 π-

electrons, satisfying Hückel’s rule (n=2). It is, therefore, aromatic. 
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b) Cycloheptatriene contains an sp
3
 hybridised carbon in its ring. This carbon atom cannot form a 

continuous conjugated ring with the π-electrons, therefore it is non-aromatic. 

c) Cyclopropene contains 2 π-electrons (n=0), and is cyclic. However, it contains an sp
3
 hybridised 

carbon. This carbon atom cannot form a continuous conjugated ring with the π-electrons, so 

cyclopropene is non-aromatic. Please note that the cyclopropenyl cation is aromatic, however, 

as it may then sp
2
 hybridise, and align a p-orbital parallel to the existing π-bond. 

d) The ring system of styrene is fully conjugated and planar. There are 6 π-electrons in the ring, 

obeying Hückel’s rule. Styrene is, therefore, aromatic. Remember that the substituent vinyl 

group is not counted when applying Hückel’s rule. 

e) The bicyclic system in naphthalene sp
2
 hybridised, conjugated, and contains 10 π-electrons, 

satisfying Hückel’s rule (n=4). The sp
2
 hybridised carbon atoms are arranged in 6-membered 

rings, so feel no bond strain. Naphthalene is, for these reasons, aromatic 

f) Cyclobutadiene appears to be planar and fully conjugated. However, it contains only 4 π-

electrons, so it does not obey Hückel’s rule. It does, however, obey the 4n rule (n=1) for 

antiaromatic compounds. Cyclobutadiene is, therefore, anti-aromatic. 

g) Cyclodecapentaene contains only sp
2
 hybridised carbon atoms, which are conjugated. It contains 

10 π-electrons, so obeys Hückel’s rule (n=4). However, the internal angles on a decagon are 

144°, which would put sp
2
 hybridised carbon atoms under too much bond strain. This means that 

cyclodecapentaene is not planar, so is non-aromatic. 

h) Biphenyl is complicated to assign aromaticity to. Each ring contains only sp
2
 hybridised carbon 

atoms, and is fully conjugated. However the molecule as a whole contains 12 π-electrons, so 

does not obey Hückel’s rule. It is important to note that biphenyl is not planar, with the benzene 

rings sitting perpendicular to each other. These benzene rings are still both aromatic, however, as 
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they are planar, conjugated, and obey Hückel’s rule. For this reason, biphenyl is considered to be 

aromatic. 

 

Solution 1.14 

i. The nitrogen atom in pyrrole is sp
2
 hybridised, which provides pyrrole with a planar, fully 

conjugated ring. The lone pair on the nitrogen sits in this p-orbital, giving pyrrole 6 π-electrons, 

so it obeys Hückel’s rule (n=2). Pyrrole is, therefore, aromatic. 

ii. The ring in pyran contains an sp
3
 hybridised carbon atom. This means that there is not a 

continuous π-system around pyran, so it is non-aromatic.  

iii. The nitrogen atom in the 1-position of the triazole (NH) will adopt an sp
2
 hybridisation state in 

order to allow its lone pair to participate in a continuous π-system. This makes triazole fully 

conjugated, and planar. It possesses 6 π-electrons, so obeys Hückel’s rule (n=2). 1,2,3-triazole is, 

therefore, aromatic. 

iv. We can see that the pyrylium cation bears a similarity to benzene. The fully conjugated ring 

means that pyrylium must be planar, and it contains 6 π-electrons, so obeys Hückel’s rule (n=2). 

Pyrylium is, therefore, aromatic.  

v. Dihydro-1,3-oxazine contains sp
3
 hybridised atoms (2 x C, 1 x O), therefore it cannot possess a 

fully-conjugated π-system, and is considered non-aromatic 

vi. The sulfur atom of thiazole is able to complete the continuous π-system by adopting an sp
2
 

hybridisation state. As all atoms are sp
2 

hybridised, and there is no significant ring strain in five-

membered rings, the molecule is also planar.  The p-orbital of the sulfur atom possesses a lone 

pair of electrons, which results in the π-system containing 6 π-electrons, obeying Hückel’s rule. 

Thiazole is, therefore, aromatic. 
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Solution 1.15 

a)  

b)  

c)  

d)  

e)  

f)  

 

Solution 1.16 

a) I contains no charged species, whereas II has become charged at both the oxygen atoms. For this 

reason, I is the most stable resonance structure. 
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b) II possesses an open octet on the phosphorous cation. Additionally, I contains fewer charged 

atoms than II, so I is the more stable resonance structure. 

c) The carbocation in II is more stable than that in I due to the increased number of +I groups 

stabilising the charge. Therefore, II is the more stable resonance structure. 

d) Oxygen is more electronegative than nitrogen, so is able to stabilise negative charge to a greater 

extent. For this reason, II is the more stable resonance structure. 

Solution 1.17 

a) Acetaldehyde only possesses α-hydrogen atoms at one position. This means that there is only 

one possible enol to be formed. 

 

b) Biacetyl is a little tricky, as it possesses two adjacent ketone groups. As both ketone groups 

occupy one α-position of the other, enols cannot be formed with the –ene functionality spanning 

the 2 position. Thus, the only abstractable hydrogen atoms present are in the 1 and 4 positions, 

which can lead to the enol form of the ketone at the 2-position, the 3-position, or both. 
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c) For this cyclic compound, simply treat it as you would any linear molecules. The only α-

hydrogen atoms to the ketone are on the adjacent carbon atom without the two methyl 

substituents. These hydrogen atoms can be removed to form the enol. 

 

d) This compound is unlike the others, it is an imine (more precisely, an iminium ion). These 

molecules can tautomerise in a similar manner to keto- compounds, by forming an enamine. 

Again, look for the α-hydrogen atoms to remove and form this enamine. 

 

 

Solution 1.18 

The acid-catalysed enol formation proceeds via protonation of the carbonyl oxygen atom, followed by 

elimination of the α-hydrogen atom to form an enol. 

  

 

Synoptic Question 1.1 
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i.   

ii. Penguinone is non-aromatic because the ring system is not fully conjugated. 

iii.  

 

Synoptic Question 1.2 

An enolate is form by the base-catalysed mechanism covered earlier in the chapter. This is a nucleophile 

from the 2-position of the molecule. 

 

There are three reasonable resonance structures that can be drawn of this molecule. It is possible to draw 

further resonance structures using a lone pair on the OEt, though these structures would be very unstable so 

do not contribute greatly to the resonance hybrid. 

 

 


