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1. List and explain the four most important factors that control a carbonyl-containing functional group's relative reactivity in addition or substitution reaction.
The various factors which control and determine the reactivity of the carbonyl-containing functional groups during the substitution and addition reactions include;
a. Carbonyl Carbon delta (Cooke, 2012)
During substitution and addition reactions, an increase in the Carbonyl Carbon delta makes the carbonyl group more electrophilic; hence the nucleophilic attack increases its speed leading to a faster addition or substitution reaction. 
b. Resonance
Resonance refers to how chemical bonds of molecules or ions are described after the combination of the different structures. Resonance in a given reaction can be lost after converting the carbonyl into a tetrahedral adduct B/C resonance, which stabilizes the effect (Cooke, 2012). The loss of the resonance during the addition and substitution reactions raises the transition state energy for the nucleophilic attack. Hence, the most important resonance is linked to the carbonyl functional group; thus, the more resonance, the more the resistance to the nucleophilic attack.
c. The leaving group
A better leaving group primarily promotes the fragmentation of the tetrahedral adduct, which favors the faster reaction of either the substitution or the addition reactions in progress.


d. Steric effects
If the carbonyl carbon gets sterically altered, the nucleophilic attack rate is lowered, thus slower substitution or addition reaction (Cooke, 2012). 

2. Arrange the following to decrease reactivity to nucleophilic acyl substitution: Ester, amide, acid anhydride. Explain your logic. You should include: the order in decreasing reactivity Discussion of these factors as they pertain to the above compounds: carbonyl carbon delta +, resonance, steric effects, and leaving group.
The most reactive is the acid anhydride, followed by the Ester and the amide is the least reactive. As per the explanation given by Klein’s Organic Chemistry (Iwamura, 2010), anhydrides are considered to be almost the same as the acyl halides in terms of their reactions. Like the other carboxylic acid derivatives, anhydrides contain their electrophilic carbon on the carbonyls, which contains a delta and a partial positive charge. In the carbonyl groups, their electrophilic carbon depends on the substituents bonded to the molecule.  
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