CHAPTER 8.4.1 « ORGANIC REACTION MECHANISMS

Nucleophilic Addition Reactions

Unlocking the Mechanism and Reactivity of Aldehydes and Ketones
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STARTING CONDITIONS « THE CARBONYL TARGET A

Why the Carbonyl Carbon is Electrophilic e

Electronegativity Imbalance

Oxygen is highly electronegative, pulling the 1t
electrons away from carbon. This makes the Carbon

an (Lewis acid) center, and the Oxygen
a nucleophilic (Lewis base) center. (EIZLaILY.

Resonance Stabilization

The significant dipole moment is proven by the
resonance between the neutral and dipolar structures:

>C=0 = >C*-0"

The polarized carbon-oxygen double bond is the engine of reactivity for all aldehydes and ketones.



MECHANISM STEP 1 « THE TRAJECTORY A

The Nucleophilic Attack  Nu~ it

[Slow Step] [Rate-Determining] [sp? Hybridized Target]
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The Approach The Electron Shift
The nucleophile attacks the ™~ As the Nu™ bonds to the carbon,
electrophilic carbon from a direction \ the 1t electrons of the C=0 bond
exactly perpendicular to the plane of . are forced entirely onto the oxygen
the sp? hybridized orbitals. atom.,
.. > L >

A perpendicular strike breaks the pi-bond and forces a massive shift in molecular geometry.
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MECHANISM INTERMEDIATE « GEOMETRIC SHIFT !!

The Tetrahedral Alkoxide

[sp® Hybridized] [Unstable Intermediate] [Alkoxide lon]

Hybridization Change

The carbon atom undergoes a
fundamental re-hybridization
from a planar sp? to a three-
dimensional sp*

configuration. reactive intermediate.

Charge Transfer

The nucleophile's negative
charge has been completely
transferred onto the oxygen
atom, creating a highly

The molecule is now physically crowded and electronically unstable, actively seeking a proton to neutralize itself.




MECHANISM STEP 2 « RESOLUTION Ea

Protonation to Neutral Product

[Fast Step] [Electrically Neutral]
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The Capture Reaction Strip The Net Result
The highly reactive oxygen atom The entire two-step process
rapidly captures a proton (H*) — - + # results in the net addition of
from the surrounding acidic or >C 0 + Nu™ + H >C(NU)(0H) Nu~ and H* across the original
agueous reaction medium. carbon-oxygen double bond.
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Recap Strip. Step 1 brings the Nucleophile, Step 2 brings the Proton. The reaction is complete.



REACTIVITY COMPARISON « THE MACROSCOPIC VIEW A

Aldehydes vs. Ketones TopAl

Aldehydes (R-CHo) Ketones (R-CO-R")
95% 40%
Reactivity Level Reactivity Level
Inherently highly reactive to nucleophilic addition. The Generally less reactive. The presence of two larger Alkyl
presence of a single, small Hydrogen atom leaves the or Aryl groups fundamentally changes both the physical
carbonyl carbon highly exposed and vulnerable to attack. crowding and the electronic pull around the carbon.

Golden Rule: Aldehydes react significantly faster than ketones in nucleophilic addition reactions.



REACTIVITY FACTORS « SYNTHESIS A

The Steric & Electronic Explanations
Steric Hindrance (The Physical Blockade) Electronic Effect (The Charge Neutralizer)
O+
+1 effect/ \-i-I effect
Two relatively large substituents in ketones physically Alkyl groups are electron-donating. Two alkyl groups
hinder the approach of the nucleophile to the carbonyl reduce the electrophilicity of the carbonyl carbon much
carbon, unlike the wide-open path provided by the more effectively than just one, severely weakening the

single small hydrogen in aldehydes. target's attraction to the nucleophile.

Recap Strip. Ketones are slower because they are physically harder to reach and electronically less attractive to nucleophiles.
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