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Synoptic questions 

Question 1 

a) The first step is to bisect the double bond into two parts as shown. If we consider the top section first; the 

top carbon is directly bonded to two other carbons therefore we need to look out another “layer”. The methyl 

carbon is bonded to three protons, each with atomic number 1, whereas the ester carbon is bonded to two 

oxygens with atomic number 8. The ester carbon therefore takes priority and is labelled carbon 1, and the 

methyl is carbon 2. In the bottom alkene, one side is bonded to a carbon with atomic number 6, and the other 

side is hydrogen with atomic number 1. The carbon has higher priority and is therefore designated 1. If we 

consider the location of our 1 and 2, they are on opposite sides of the olefin so it is trans, or (E).  

 

b) The carbon marked with an asterisk is sp
2
 hybridised. 

c) The product and mechanism are shown below. In the product, the original trans geometry of the alkene is 

maintained due to the concerted nature of the mechanism. The absolute stereochemical configuration of the 

epoxide (i.e. if the epoxide is pointing up or down) cannot be controlled because either face of the alkene is 

easily accessible therefore the product will be a racemic mixture.  

 

 

Question 2 

 

a) EtMgBr, THF, –78 °C then H
+
 to give a secondary alcohol, then oxidation to the ketone. An appropriate 

oxidising agent would be CrO3, although other answers are possible.  
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b) Friedel–Crafts acylation. In reality this reaction would be sluggish due to the electron-withdrawing nature 

of the benzylic ketone (a small contribution from –I, but –M dominates), therefore rendering the π cloud of 

electrons in the benzene ring less able to attack the electrophile (due to the –M effects). Mechanistically, the 

Lewis acidic Al(III) centre coordinates to the lone pairs on an sp
2
 oxygen in succinic anhydride (not the sp

3
 

centre as these electrons are resonating into the carbonyl so are not available), which then allows the other 

oxygen lone pair to kick down and eliminate the carboxylate species and generate an oxonium ion, which 

can undergo the usual Friedel–Crafts mechanistic pathway. Finically, acidic work-up cleaves the aluminium 

salt from the carboxylate fragment, providing a carboxylic acid (mechanism not shown). 

 

c) This is a Fischer esterification therefore sulphuric acid and methanol are required to convert the carboxylic 

acid to the methyl ester. There are other esterification methods available, but this one is quite often used as 

an examination question! 
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Question 3 

a) This is an azo coupling. The tert-butyl benzene attacks the diazonium at the 4-position due to electronics 

(stabilisation of the cation generated) and sterics (the tert-butyl group is very bulky so ortho addition is 

unfavoured).  

 

b) The solvent contains alcohol groups that can be deprotonated by the base. The deprotonated solvent can 

then attack the fluorinated benzene, displacing fluorine via an SNAr mechanism, generating the product 

shown. 
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c) The first step is to reduce the nitro group (Raney nickel, tin(II) chloride, zinc/HCl) which is followed by 

treatment of the aromatic amine with sodium nitrite in the presence of HCl. 

 

Question 4 

a)   

 

b) The reaction uses a strong bulky base, LDA, so is likely to be an E2 elimination reaction. Looking 

for hydrogen atoms in the α-position to the bromide leaving group gives us two options. 

 

E2 elimination of proton 1 yields the terminal alkene. There is no stereocentre formed in this 

process. 
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E2 elimination of proton 2 occurs with the stereospecific formation of an alkene. Keeping the 

conformation of the molecule so that the α-hydrogen is anti-periplanar to the bromide leaving group 

yields the E isomer. 

 

Question 5 

i. The alkene is a nucleophile, due to its high electron density, BH3 is an electrophile, as it 

possesses an empty p-orbital. See chapter 3.1 for more information. 

ii. This is the anti-Markovnikov product as H has added to the carbon with the greater number 

of alkyl substituents. 

iii. The tertiary alcohol shown would be the Markovnikov product of this electrophilic addition. 

In order to produce this, the alkene should be reacted with water, in the presence of an acid 

catalyst. 
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Question 6 

i. Sodium borohydride is a reducing agent, and reduces benzophenone to diphenylmethanol or 

“benzhydrol”. The acid work-up is required for protonation to form the alcohol. 

 

ii. The presence of an acid (PTS) allows for protonation of the alcohol. As the 

diphenylmethanol now contains a good leaving group, in a position which would allow for a 

relatively stable carbocation, it is able to undergo an SN1 reaction with 2-bromoethanol to 

form the product, ((2-bromoethoxy)methylene)dibenzene. 

 


