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Grignard Reagent 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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The Haloform Reaction
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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
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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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Bloom’s Taxonomy of Learning Organic Chemistry Analog Tools we created to

A Higher level help you succeed:

thinking

CREATING > Solving synthesis problems

EVALUATING > izi i
< : > Recognizing reaction products KRE Table

ANALYSING 5 Reactions Roadmaps
- Khoadmaps

APPLYING

> Mechanisms The 4 mechanistic elements
(Application)

UNDERSTANDING N ” "Personalities of Molecules" Nucleophiles,
(Comprehension) f e electrophiles, acids, bases
REMEMBERING — Structures, bonding, functional groups,
(Knowledge) reagents, nomenclature, definitions Rules of the Day

Organic chemistry is difficult because it requires higher order thinking. According to Bloom's taxonomy of learning, the lowest level of learning involves pure
memorization ("Remembering") As one moves up the pyramid to higher learning, understanding, applying, analysing, evaluating and creating are reached. I
believe there are Organic chemistry analogs of all of these, culminating in synthesis which inolves creativity along with all of the other levels of thinking. It is
likely that many of you have never been challenged all the way to the top of the Bloom's taxonomy of learning pyramid before, explaining why this feels
different and disorienting. DO NOT GIVE UP. As shown on the right, we have created tools to help you master each step up the ladder. On the above diagram
you can cllick on the tools listed to go directly to them. Also, if you have any questions about how to study, click here to read about the way I learned to study. I
never earned a grade lower than an A after I started using this method during my own college career.

I understand that most of you are headed to the health professions, so you may be wondering if mastering synthesis problems will be important for you. I assert
that it is. Solving a synthesis problem involves the detailed evaluation of a complex molecule while looking for KREs, then working backwards to the starting
materials by analyzying possible reactions involved by thinking through your roadmaps, possibly applying your understanding of mechanism to make sure you
predict the correct product for each reaction. This is the exact type of thinking you will need to diagnose a patient. A patient will present various complex
combinations of symptoms, then you must evaluate which of these are important, then analyze, apply and understand how the patient got that way and how to
get them back to their starting state (healthy) again. In other words, you will learn the "KREs of diagnosis" then work backwards to understand what
happened to the originally healthy patient! Therefore, learning how to solve synthesis problems will teach you how to use higher level thinking skills, exactly the
'kind you will need to develop as a health care professional!



Enolates as nucleophiles

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.



Beta-dicarbonyls have alpha-hydrogens that are extra
acidic

o]

\ - /
SN

$Base® * \C o

Extra Acidic T

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.



Weaker bases are favored at equilibrium

Compound PK,
H-CI 7 Strongest Acid
(Weakest conjugate base)
O
3 I VAN
Carboxylic acids”™ g_CO-H 3-5
O
x el o d
p-Dicarbonyls™ RC-CH,CR' 10
0O 20)
N
f-Ketoesters™ RC—CH,EOR' n<
(0] @]
Diesters * og Z - 13 -
p- -s ROC~-CH,-COR A) Reactions are favored (i.e. have a motive) if they lead to formation of a weaker acid and/or weaker
Water HOH , base.
Alcohols RCH,OH @ B) Checking pKa values can predict if a reaction has a motive even if there are other steps besides a
(o) proton transfer.
3 Lo 6
Acid chlorides RCH, 1 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
Aldehydes* RCH,-CH 18-20 corresponds to stronger acid of the conjugate acid, and thus weaker conjugate base. The base with a
0 stronger conjugate acid (lower pKa value) will be the weaker base and will be favored at equilibrium.
Ketones * RCHz-y:R' 18-20 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.
Il
Esters™ RCH,-COR' F) Above is a pKa table that we will refer to often.
Terminal alkynes RC=C—H 25
LDA H-N(i-C5H;), 40
Terminal alkenes R,C—C—H 44
H L
Weakest Acid
Alkanes CH3CHo-H 51 (Strongest conjugate
base)

*These have resonance stabilized anions



Conjugate Addition

Nucleophiles
react here via
conjugate
addition

A) Alkenes adjacent to a carbonyl are conjugated and are therefo

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

C) o, 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.

T

D) Nucleophiles can, however, react at the § carbon atom in a process called conjuga
: addition.

E) Conjugate addition is favorable because the intermediate formed is a resonance

stabilized enolate, thus relatively low energy.

<O~
T
Nu .@/\*\C :/C> :
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H H
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H H H H

Resonance Stabilized Enolate Anion
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Table 19.1 cCombinations of Reagents for Effective Michael Reactions

These Types of a,B-Unsaturated
Compounds Are Nucleophile Acceptors
in Michael Reactions

These Types of Compounds Provide
Effective Nucleophiles for Michael
Reactions

CH,—CHCH

CH,=CHCCH,

CH,=CHCOEt
O

|
CH,=—CHCNH,

Aldehyde

Ketone

Ester

Amide

1
CH3CCH,CCHg4 B-Diketone
O O Claisen
| e
CH3CCH,COEt B-Ketoester
O
1
EtOCCH,COEt B-Diester
N
CH3C=CH, Enamine

NH,, RNH,,R,.NH  Amine



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
2roup ?ﬂvt"""x
Ae pr oo iz

beFween The
_ c=0 yveupl _

Tautomerization

Michael Reaction Product

H—O0—H |

E we) ate

N\'\ L\nqc\




Robinson Annulation Part 2 - Aldol and Dehydration Steps
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LDA
A “wicked strong” base
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Enamine Formation

OQK\\A

N\a\ic’- a
bond
N“?\(,?\a le
B H-G-H | T
.-®/\<\ =
H—C8 L_)N slightly acidic pH
PH=4
Add a
B ] sgvo‘\‘ovx
%Y‘Qq\é <
Ybond

¥

\

proton
transfer

o

@\4

Ma'ypr

H
)

M\WOP
Products (out s‘-gm&k«ﬂ




H-X reacting with conjugated dienes
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(b) Out-of-phase addition of Caitoon ; 1 =
FIGURE 1.21

two 2p atomic orbitals
r ' Molecular orbital
- ' mixing diagram for the

n Watch a video explanation
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. 7 bond. (a) Addition
* of two p atomic
S orbifals in phase leads
e : to a ar orbital that is
2 /l \\ Com‘ i lower in energy than
\.& / \ Q the two separate

starting orbitals.
When populated

i
\
\
S r with two electrons,
C A / C the 7 orbital gives a
/i
// ‘
/

7 bond. (b) Addition
of the p orbitals in an

. outof-phase manner
\ Z S [meaning a reversal

of phasing in one of
T r ' the starting orbitals)
(a) In-phase addition of 6 == ‘"‘ leads to a 7* orbital.

two 2p atomic orbitals Population of this

3 Z orbital with one or
e two electrons leads

Cartoon Computed to weakening or

i IIIIIIIIII

a bond, respectively.
P

/// Z

rﬂ (;

N
/,




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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Ground Excited
state of state of
ethylene  ethylene

Eq

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;
a m — m* fransition.

N e



FIGURE 20.5 (q) Visible light

colorwavelength correlation.

(b) Approximate color of
substance (reflected light) if a
single wavelength (i.e., the
wavelength listed on the

: numerical scale of the xaxis) is
f absorbed.
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