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Q1.  

Chemoselectivity in functional group transformation is a coveted outcome in organic 

synthesis. This is commonly achieved by exploiting unique characteristics inherent 

in closely related reagents.  

Refer to the observations noted below and advance reasons behind the observed 

outcomes: (You may use appropriate illustrations or mechanisms, but in either case, 

be brief) (2 Marks Each) 

 

(a) Benzene undergoes reduction in the presence of Li/NH3, but cyclohexene does 

not. 

Since the Birch reduction takes place through single-electron transfer processes 

leading to radical anion intermediates, in benzene the electro repulsion within the 

radical anion is minimized through resonance. This also stabilizes the radical 

anions and therefore enhances their formation and subsequent reduction of 

benzene, whereas the double bond of cyclohexene can not facilitate resonance 

stabilized radical anions and is thus resistant to electron reduction. 

Also note the double bonds of benzene are more electron deficient since their sp2 

carbons are connected to other sp2 carbons (more electronegative than sp3), yet 

the sp2 carbons of cyclohexene are connected to sp3 carbons (less 

electronegative). 
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(b) tert-Butyloxycarbonyl group as an amino protecting group can be cleaved by 

TFA, while a tert-butyl ether as an alcohol protecting group cannot be cleaved by 

TFA 

 

TFA cleavage of the BOC group begins with protonation of the carbonyl of the BOC 

group. This generates a resonance-stabilized species that facilitates further cleavage. 

 

The protonation of the oxygen of the tert-butyl ether does not generate a resonance 

stabilized species. With its short-life span it does not cleave. Moreover trifluoroacetate 

anion is a weak nucleophile that does not effectively react with the protonated species 

to initiate cleavage. 
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(c) The oxidation of primary alcohols to carboxylic acids is best accomplished with 

KMnO4/KOH/H2O rather than K2Cr2O7/H2SO4/H2O. 

The oxidation of primary alcohols to carboxylic acids is commonly complicated 

by formation of ester by-products arising from the reaction of the carboxylic acid 

and the unreacted primary alcohol under the acidic conditions employing 

K2Cr2O7/H2SO4/H2O. This esterification does not occur under the basic conditions 

of KMnO4/KOH/H2O. 

 

(d) Unstabilized sulphur ylides react with -unsaturated aldehydes and ketones to 

provide epoxides, yet stabilized sulphur ylides provide cyclopropanes. 

Dimethylsulfonium methylide is a hard nucleophile that reacts irreversible to hard 

carbonyl carbon, while the resonance stabilized dimethylsufoxonium methylide is 

a soft nucleophile that reacts at the softer carbon leading to the conjugate addition 

product. 

 

 

 (Total: 8 Marks) 

(a) The use of protecting groups can lead to very diverse stereochemical 

consequences. Identify the structures of A - D in the reactions highlighted below 

and explain the basis for the observed stereochemical outcomes in A and D. (1 

Mark each, 2 Marks for the explanation) 
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The stereochemistry of A is controlled by the chelation of MCPBA to the free 

hydroxyl group of the reactant, while that of D is controlled by the steric 

hinderance of the isopropyl group and that a silyl-ether protected alcohol 

precludes co-ordination to MCPBA.(2 Marks) 

 (Total: 6 Marks) 

(b) Using reaction mechanisms and other supporting explanation, account for the 

differences in regiochemistry of the reactions shown below: (8 Marks) 

 

MCPBA is an electrophilic epoxidizing reagent that oxidizes only electron-rich 

double bonds. (2 Marks) 

 
 

 

 

H2O2/NaOH generates a nucleophilic reagent that epoxidizes electron deficient 

double bonds only. (2 Marks) 

 

 

(Total: 8 Marks) 



 5 

Q3. 

 

(a) Determine the structures of the missing compounds (A and B) in the Birch reduction 

of anisic acid: (1 Mark each) 

 

(Total: 2 Marks) 

(b) Propose a reasonable and stepwise reaction mechanism for the reaction below: (6 

Marks) 
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(Total: 6 Marks) 


