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Chapter 7: Carbonyl chemistry 

Solution 7.1 

Cyclopropanone is highly reactive because it contains an sp
2
 carbon centre, which would ideally have and 

angle of 120° between bonding pairs. However, in the case of cyclopropanone the internal bond angle is 60° 

so the molecule is highly strained therefore very reactive and will readily be attacked by a nucleophile to 

generate a new sp
3
 centre where the bond angles are all 109°. 

Solution 7.2 

Fluorine is an extremely electronegative element; the trifluoromethyl group, containing three fluorine atoms 

per carbon, is very strongly electron withdrawing (through the σ bonds; the inductive effect) therefore 

electron density is pulled from the central carbonyl carbon, which is already electron deficient due to the 

oxygen atom, so it becomes even more δ+ and therefore even more reactive towards nucleophiles. With this 

is mind, the reactivity is as follows (most reactive first). 

 

Solution 7.3 

This is the correct way of drawing an ester and is usually how esters are arranged in space. The reasons for 

this are three-fold: 

 Steric repulsion is minimised between the two R groups present.  
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 The dipoles in the molecule are minimised (a favourable interaction). 

 

 The third argument is a result of the first 2; overlap of the p orbitals on the oxygen by resonance 

locks the conformation so that interchange between the E and Z forms is slow.  

 

 The fourth argument is that the lone pair on oxygen is perpendicular to the axial lone pair (that can 

overlap into the π orbital) and is aligned so that the electrons can be placed in the C–O σ* orbital. 

This is related to the anomeric affect, a phenomenon that you will encounter later in your degree. 
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Solution 7.4 

The hydroxide adds into the extremely reactive acid chloride to generate the tetrahedral oxy-anionic 

intermediate that can then collapse to eliminate chloride. The carboxylic acid generated will be deprotonated 

because there is hydroxide present (pKaH 15.7) that can deprotonate the acidic proton (pKa 5) generating the 

carboxylate, therefore the carboxylic acid is only generated after acidic work-up.  

 

Solution 7.5 

This mechanism seems lengthy but is nothing to be scared of if you go through it logically.  

The acid activates the carbonyl group, by protonating a lone pair, so the alcohol can attack more easily to 

generate the first tetrahedral intermediate. Shuffling of protons and elimination of water generates another 

oxonium intermediate that then undergoes intramolecular attack, providing the 5-membered ketal ring. 

Finally, the proton is removed (presumably by water acting as a Brønsted base) to give the neutral product.  

 

Solution 7.6 
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The mechanism for this reaction is very similar to that for the reaction above. Again, it should not be 

intimidating and if you approach it logically you should be able to work out the steps required. Protonation 

of the carbonyl group by the acid activates it so it can be attacked by the amine nucleophile. Proton shuffling 

and elimination of water provides the imine product.  

 

 

 

Solution 7.7 

The two carbonyl groups present are an ester and an aldehyde. The ester is less reactive towards nucleophiles 

due to the resonance stabilisation from the adjacent oxygen, which render the carbonyl carbon atom less δ+. 

This therefore means that the borohydride ion cannot attack so reduction cannot occur. The aldehyde, 

however, is reasonably reactive as the carbonyl carbon is sterically unencumbered and a nucleophile can 

approach reasonably easily. 
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Solution 7.8 

With one equivalent of DIBALH, provided the reaction remains at –78 °C, an aldehyde will be produced. 

This is because the DIALH delivers an hydride equivalent directly to the carbonyl, which can, after 

quenching, eliminate ethanol. It should be noted that in a “real-lab” situation, the reduction of esters to the 

corresponding aldehyde using DIBALH can be a little capricious and it is not unusual to see over-reduction 

to the alcohol.  

 

Solution 7.9 

The key to this reaction is to notice that borane can act as a Lewis acid by virtue of the empty p-orbital 

perpendicular to the plane of the molecule. The carbonyl lone pair can act as a Lewis base and donate the 

lone-pair into the empty p-orbital on boron, so activating it towards nucleophilic attack. It is at this point that 

the nitrogen lone-pair becomes involved and can resonate across, generating an iminium species that can be 

reduced to the amine by intramolecular hydride transfer. The nitrogen lone pair can then be used to eliminate 

an oxy-boron species, regenerating an iminium species that can lose a proton, leaving a lone pair to 
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coordinate to boron. The leads to another intramolecular hydride transfer (or reduction event). Finally, the 

boron is removed during aqueous work-up, probably by generation of a boric acid species.   

 

Solution 7.10 

This is a classic exam question! The alternative reagent you are likely to be asked about for generating an 

acid chloride from a carboxylic acid is PCl5.  

 

Solution 7.11 

Remember, NaH is a strong base and not a reducing agent (pKa 36)! The NaH removes the acidic proton 

from the carboxylic acid terminus (pKa 5), generating an anion, which is then alkylated.  
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Solution 7.12 

Concentrated hydrochloric acid contains water, therefore during this hydrolysis water is present. It should be 

noted that an amide is harder to hydrolyse than an ester because there is better overlap of the nitrogen and the 

carbonyl π* orbital, therefore there is a greater degree of resonance stabilisation compared to an ester so it is 

less reactive as the carbonyl carbon is less δ+. 

 

Solution 7.13 

The tricky part of this question was working out the structure of the carboxylate sodium salt. The sodium is 

the counter ion left over from the preparation of the carboxylate and will not harm the overall reaction.  
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Solution 7.14 

This is a slightly harder question because you need to remember that diazomethane has another resonance 

form. The final product is as shown because the protons between the carbonyl and diazo group are extremely 

acidic so are very easy to lose. A second molecule of diazomethane undertakes the deprotonation.  

 

 

Solution 7.15 

The acid chloride is very reactive towards nucleophilic attack and will readily undergo substitution. 

Aziridine contains a lone pair that is able to nucleophilically attack the C=O π* orbital, generating a 

tetrahedral intermediate, that can then eliminate chloride. In addition, the pKaH of Cl
–
 is –8, whereas that of 

aziridine is 7.9. This means that the chloride ion is more stable as an anion so it will be more readily 

eliminated. Triethylamine may play one or two roles. The first role is as a base to “mop up” any HCl 

generated, and the second is that it may activate the acid chloride by generating the acyl-triethylammonium 

intermediate species (not shown).  
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Solution 7.16 

In this reaction pyridine is acting as both a catalyst and a base. Pyridine (pKaH = 5) is a better nucleophile 

than the alcohol therefore attacks the acyl chloride preferentially to generate the activated intermediate. This 

intermediate then undergoes attack by the alcohol to furnish the ester product. However, because one 

equivalent of HCl is released, the pyridine will also act as a base and “mop up” any acid generated, therefore 

an excess is required.  

 

 

Solution 7.17 

The stomach is acidic therefore there is both HCl and water present. The ester is hydrolysed to the active 

drug via the mechanism shown.  
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Solution 7.18 

This reaction is unlikely to occur because sodium hydroxide (pKaH 15.7) will deprotonate the carboxylic acid 

(pKa 5) to generate the carboxylate. This has a negative charge that can resonate into the carbonyl group 

therefore incoming nucleophiles will be repelled and unlikely to attack.  

 

 

 

Solution 7.19 

The important part of this mechanism is the step where the nitrogen lone-pair eliminates the oxy-metal 

species to generate an iminium ion which is then reduced to the amine.  
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Solution 7.20 

This reaction requires attack of the amine into the C=O π* orbital, generating a tetrahedral intermediate, 

which can then collapse to eliminate methoxide (that will be subsequently protonated to give methanol).  

 

Solution 7.21 

The key to this reaction is to see the Grignard reagent and to realise that the C–MgX bond can be thought of 

as an anion on the carbon (this is not strictly true but is OK for now). The anion can then attack the amide 

species, like it would in a normal carbonyl group, generating a tetrahedral intermediate that is stabilised by 

magnesium. Upon acidic work-up, this intermediate collapses, liberating the amine, and generating the 

required product.  
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When undertaking preparation of a Weinreb amide, the Grignard reagent and the Weinreb reagent are pre-

mixed to generate an anionic nitrogen species as shown. Two equivalents of Grignard reagent are needed. 

One is to neutralise the acid salt, and the second is to remove the amine proton. The acid chloride is then 

added to this mixture.  

 

Solution 7.22 

The functional groups present in this molecule that can be reduced are an amide, an ester and a ketone. The 

ketone will be reduced the most rapidly as the ketone is most reactive towards nucleophiles.  

 

 

 

 

Solution 7.23 

The reagents needed for the transformations are shown over the arrows.  

 

The Weinreb salt and the Grignard reagent need to be pre-mixed to generate the active species, then the 

lactone is added. The anion attacks the lactone and an alkoxide is generated that is protonated upon work-up.  
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In the final step the vinyl anion attacks the Weinreb amide to generate a tetrahedral intermediate that is stable 

until a source of acid is added. Upon quenching, the stabilised intermediate decomposes to provide the 

product.  

 

Question 7.24 

Usually an amide bond would be stable towards water but in this case the β-lactam is very strained therefore 

it is possible to by hydrolysed by water.  

 

Solution 7.25 

In the first structure, acetophenone, the ketone is electron neutral whereas the nitro compound is electron 

deficient (–I and –M), and the methoxy compound electron rich (–I, + M). The implication of this is that the 

electron-deficient ketone is most reactive towards nucleophiles, in this case hydride, so it is reduced the 

fastest. 
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