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Grignard Reagent Reacting with an Aldehyde or Ketone
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Alkyne Anion Reacting with an Aldehyde or Ketone
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Sodium Borohydride Reacting with an Aldehyde or Ketone
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Wolff-Kishner Reduction of an Aldehyde or Ketone
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Reaction with Thionyl Chloride
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Keto-Enol Tautomerization vs. Enolate Resonance
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Microscopic Reversibilty: Acid Catalyzed Ester Hydrolysis-Fischer Esterification
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Microscopic Reversibilty: Acid Catalyzed Ester Hydrolysis-Fischer Esterification
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Note: In this reaction the chemist opens the flask and adds water in a second step that quenches any
excess LiAlH,. Therefore, you need a second step to add water when using this reaction in synthesis
even though it is not shown in the mechanism above.
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Interconversion of Carboxylic Acid Derivatives
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Compound

Carboxylic aclds*

ﬁ-DIcarbonyls* R(l‘l—C

H-Cl
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R—CO-H
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T v
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7 1
p-Diesters * noé:—cn,con'

Water

Alcohols

Acid chlorides™

Aldehydes ™

Ketones *
Esters™

Terminal alkynes

LDA

HOH
RCH,OH

0
RCH,—«DJG
0
RCH2-IéH
0
RCH:—IéR‘
0

Il
RCH,-COR'

RC=C—H

H-N(i-C3H;)»

Terminal alkenes R,C—C—H
H

Alkanes

CHyCH,-H

PKa
-7

3-5
10

11

13

15.7
15-19

16

18-20
18-20
23-25

25
40
-
51

*These have resonance stabilized anions

Strongest Acid
(Weakest conjugate base)

VAN

-

Weakest Acid

Weaker bases are favored at equilibrium

A) Reactions are favored (i.e. have a motive) if they lead to formation of a weaker acid and/or weaker
base.

B) Checking pKa values can predict if a reaction has a motive even if there are other steps besides a
proton transfer.

C) Recall that the conjugate base of a stronger acid (lower pKa) is a weaker base.
D) Check the pK's of the conjugate acid of the bases on either side of the equation. Lower pKA value
corresponds to stronger acid of the conjugate acid, and thus weaker conjugate base. The base with a

stronger conjugate acid (lower pKa value) will be the weaker base and will be favored at equilibrium.

E) Another way to look at it is that the base that is favored at equilibrium is the one that has the more
stabilizied anion, i.e. the one with the charge spread around more (electronegative) atoms.

F) Above is a pKa table that we will refer to often.

(Strongest conjugate



Enolates as nucleophiles

H IR ©
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A) Enolates are resonance stabilized, with a partial negative charge on carbon and oxygen. /

B) Enolates are nucleophiles, so they could react at either the carbon atom or oxygen atom. The
partial negative charges give them the opportunity to react at either the carbon or oxygen.

C) Reaction at the carbon atom gives the final product a C=0 bond, while reaction at the oxygen atom
gives the final product a C=C bond. However, C=0 bonds are stronger than C=C bonds, so the
motive is to react at the carbon atom with most electrophiles.
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Enantiomers (Section 3.2) Stereoisomers that are nonsuperposable
mirror images of each other; refers to a relationship between
pairs of objects.
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Diastereomers (Section 3.4A) Stereoisomers that are not mirror images
of each other; refers to relationships among two or more objects.
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Racemic mixture (Section 3.7C) A mixture of equal amounts of two
enantiomers.



Acid catalyzed dehydration
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Beta-dicarbonyls have alpha-hydrogens that are extra
acidic

H Q.,;,\C—\“‘“}r Yo
| C\ase™ i\

SBasee =”\ ooe }).3 o A-Mc'
st /C—C—C< g
H
Extra Acidic
" e I

The C-H hydrogen atoms between two carbonyl groups are aven more acidic than normal a
hydrogens because the resulting anion is double resonance stabilized. The above electrostatic
potential surface shows how the negative charge (red color) is spread over all three atoms as
predicted by the three resonance contributing structures.
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Enamine Formation
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Conjugate Addition

Nucleophiles
react here via
conjugate
addition

A) Alkenes adjacent to a carbonyl are conjugated and are therefore electrophilic. /

B) These species are called o, unsaturated carbonyl compounds.

-

C) o,pB unsaturated carbonyl compounds are conjugated, in that the pi electrons of the C=C
and C=0 bonds can delocalize over all four atoms. This lends some degree of extra
stabilization to these species, because pi electrons prefer to delocalize.

D) Nucleophiles can, however, react at the [ carbon atom in a process called conjugate
addition.

E) Conjugate addition is favorable because the intermediate formed is a resonance
stabilized enolate, thus relatively low energy.
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Robinson Annulation Part 1 - Michael Reaction Steps

Heat

cOo @
Chs :0—H
[, H/ )

-
~~~~~

|\\\\.. M B O l—} H_.O.—HZ
o \ —
el —CH| Add 4
__(‘¢ > roton
\C.'HJ- 2 }(\ \_‘ ?
@ E el

ThWis wethy) (nF 1Y
oroup ?ﬂvt"""s
Ae proTomea iz

beFween The
_ c=0 yveupl _

Tautomerization

Michael Reaction Product

H—O0—H |

E we) ate

N\'\ L\na\c\




Robinson Annulation Part 2 - Aldol and Dehydration Steps
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A “wicked strong” base
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H-X reacting with conjugated dienes
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Calculated orbitals Cartoon representations

3 nodes

4)

m,molecular orbital (antibonding)

2 nodes

3)

lﬁ Watch a video explanation

Tg-molecular orbital (antibonding)
1 node

(2)

(1)

FIGURE 20.2 Structure of
_H_ 1,3-butadiene —molecular

orbital model. Combination of
four parallel 2p atomic orbitals
gives two 7-bonding MOs and
two arantibonding MOs. In the
ground state, each 7-bonding
ar-molecular orbital (bonding) MO is filled with two spin-paired
electrons. The zr-anfibonding
MO are unoccupied.
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FIGURE 20.6 A 7> =*
fransition in excifation of ethylene.
Absorption of ultraviolet radiation
causes a fransition of an electron
from a #-bonding MO in the
ground sfafe to a arantibonding
MO in the excited state. There is
no change in electron spin.
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FIGURE 20.7 Electronic
excitation of 1,3-butadiene;
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How vision works

11-cis-Retinal
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Generation of heat, Most molecules
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Flourescence - Rigid Molecules, Not uncommon

HO

Fluorescein Rhodamine

Phosphorescence - “Glow in the Dark”, Rare

Bioluminescence - Fireflies, Deep Sea Creatures - Chemical Reactions

o® .
HO S N HO O
o) S N
/
| — - :/r +CO,
CATP © - -
Q

Enzyme O,

http://photobiology.info/Branchini2.html
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