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Carboxylate anion

A common situation, and the one many resonance contributing
structures describe, occurs when three 2p orbitals combine on
adjacent atoms. A good example is the carboxylate anion. When
three adjacent 2p orbitals interact (we add the three 2p orbital
wave functions Wc2pz + Wo2pz + Wo2pz ), three new molecular
orbitals are produced; a low energy bonding “pi-way”, a non-
bonding orbital and an antibonding orbital as shown below. This
pattern of three molecular orbitals is generally the same
whenever three 2p orbitals interact even if there are different
atoms involved, for example the enolate ion or allyl cation. There
are four electrons in the pi system of the carboxylate anion, (you

can see this by looking at either of the contributing structures; two electrons from the pi bond and two
from the third lone pair on the negatively charge O atom). Note the non-bonding orbital contains the
electron density of two electrons that are paired, do NOT think of it as having one upaired electron on
each O atom. | know, weird, but remember it is best to think of bonding electrons as waves, not
particles. Note the electron density on only the O atoms of the non-bonding orbital explains why the
negative charge is localized on the O atoms in the carboxylate anion.
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Keto-Enol Tautomerization vs. Enolate Resonance

Keto-Enol Tautomerization
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Diazomethane reaction
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1. ldentify bonds being made and broken
2. Avoid “mixed media errors” - v~
3. When in doubt transfer a proton -
. Analyze each intermediate to predict next st

“These four truths you must have.
The true force of knowledge they are@
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Here are the keys to understanding mechanisms in 320N!!

1) There are basically four different mechanisms elements that make up the steps of carbonyl reactions.
A) Make a bond between a nucleophile and an electrophile
B) Break a bond to give stable molecules or ions
C) Add a proton
D) Take a proton away

2) These same four mechanism elements describe most of the other mechanisms you have/will learn!!! (Yes,
organic chemistry really is this simple if you look at it this way!!)

There are basically four different mechanisms that describe the vast majority of carbonyl reactions and these
mechanisms are different combinations/ordering of the four mechanism elements listed above. In this class, I
have termed them "Mechanism A", "Mechanism B", "Mechanism C", and "Mechanism D". They all involve a
nucleophile attacking the partially positively charged carbon atom of the carbonyl to create a tetrahedral
intermediate. Different reaction mechanisms are distinguished by the timing of protonation of the oxygen atom
as well as the presence or absence of a leaving group attached to the carbonyl.

Four Mechanisms for the Reaction of Nucleophiles with Carbonyl Compounds

MECHANISM C: Reaction with a Weak Nucleophile

MECHANISM A: Reaction with a Strong Nucleophile Step 1 Make a new bond between a nucleophile and electrophile
O
Step 1 Make a new bond between a nucleophile and electrophile :9:) '(u)'
<= |R—C=Y
.0 H-Nu: d A% 1®
102 ) :0: Nu
I H
N .e /C\ = R—C—=Y Tetrahedral
u.\\+_R/1 Y lllu Intermediate
Tetrahedral Step 2 Add a proton and Take a proton away
Intermediate .. ..
-0: protcfm .n-H
1 transfer 0
Step 2 Add a proton R—C—Y | ——= R—C-v
€] | ® 1
-0 Nu Nu
Q- H A
R—C—Y b Tetrahedral Note: this proton transfer can
N Intermediate actually take place in two steps,

i.e. Add a proton then Take a proton
away or vice versa.

Here H-A'is a
acid such as water

ntermediate

MECHANISM B: Reaction with a Strong Nucleophlle When MECHANISM D: Reaction with a Weak Nucleophile in the Presence of
"Y" is a Good Leavi

Step 1 Make a new bond between a nucleophile and electrophile

Intermediate
Step 2 Break a bond to give stable molecules or ions

Tetrahedral
Intermediate

Step 3 Take a proton away
._H

:'CI) Ae 'o'—
C=Yf <= R— C Y + HA
wNu Nl_J Here H-A is a strong

acid such as H-CI
Tetrahedral
Intermediate
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Acid Catalyzed Anhydride Hydrolysis
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Acid Catalyzed Ester Hydrolysis
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