
H3C

Products

Grignard Reagent Reacting with an Epoxide

H3C

CH2

MgBr

+

2)               / H2O

1) CH3CH2MgBr

2) HCl / H2O

1) CH3CH2MgBr

2) HCl / H2O

1) CH3CH2MgBr

2) HCl / H2O

Key Recognition Element (KRE):

ClH

O

H

O

O

H3C

CH3

CH3

H

O

H3C

H

CH3

H

Chemist opens 
flask and adds 
acidic water

 
































































same way as Grignard reagents in this reaction

mace

I É
ÉÉ

bond

CHICA

V V Add a
proton

There is a new CC bond
ftp.gj fHthat is two carbon atoms away

from an OH group 7 CHICA

4,41t New Mitts
c C

YIband bond

NewI
bond
C C

Chira
PH

HEFEI
a single
stereoisomer

HIÉq3HETTIE I
Maso
not chiral ÉÉÉ't Racemic

Mixture



H3C

O

Products

Grignard Reagent Reacting with an Aldehyde or Ketone

H

H3C

CH2

MgBr

+

2)               / H2O

H H

O
1) CH3CH2MgBr

2) HCl / H2O

H3C H

O
1) CH3CH2MgBr

2) HCl / H2O

H3C CH3

O
1) CH3CH2MgBr

2) HCl / H2O

1) CH3CH2MgBr

2) HCl / H2O
CO O

Key Recognition Element (KRE):

Tetrahedral Intermediate

ClH
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bond

HaCH3

St

80
Chemist
opens the
flask V F Add a proton

Mechanism A

the same Cato
as ÉÉ as_ÉÉIÉ gOH group attached

agggartacemic
matsas a new C C bond

NEE

CH
CHIH EH 10 alcohol

H

CH Gilt city
C't 20
alcohol

7 CHzCH3Racemic

p H
30

CH GIF's 43 alcohol

In city Carboxylic
H Acid

VK.ggEIiEjEiceat.o



H3C

O

Products

Alkyne Anion Reacting with an Aldehyde or Ketone

H

+

Key Recognition Element (KRE):

H3C H

H3C Na Tetrahedral Intermediate

2)               / H2OClH

+ NH2
Na
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p
Nat
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Make Hsc C H
a bond 4 Racemic

q

A Adda
Mechanism A proton

OH group on the carbon
it cats

that makes a new

C C bond to an sp C racemic

atom alkyne



H3C

O

Products

HCN Reacting with an Aldehyde or Ketone

H

+

Key Recognition Element (KRE):

CN H

N C

CN H

Tetrahedral Intermediate

 
































































Reacts on the
C atom because

thstyakesstronger

IN HO

Make a
H it

Racemicf
bond

f

a

Cyanohydrin OH
on a C atom that it acÉ
made a new C C Racemic

bond to CEN

Time capsule cyanohydrins can be

hydrolyzed in 42504 420 to

give a hydroxyacids

alpha



Products

Wittig Reaction

Key Recognition Element (KRE):

P CH

H

H

Br+

SN2

Li

n-Butyl lithium
(n-BuLi)

Phosphonium salt

Phosphonium ylide

H3C

O

H

+P C

H

H

Betaine intermediate

Oxaphosphetane intermediate
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Take a protonthenp II IIE is awayreagent
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shorthand ways
to indicate the
same molecule y tÉ y piety

my 6
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Make a
bond

remember

giftg pity
e Ifep
HI it Racemic
Agent

Four membered ringintermediate

Alkene New CC where the Ceo was



H3C

O

Products

Sodium Borohydride Reacting with an Aldehyde or Ketone

H

+

H3C H

O

H3C CH3

O

Key Recognition Element (KRE):

Tetrahedral Intermediate

O

BH

H

H

H
Na

HH

NaBH4

1) NaBH4

2) H2O

1) NaBH4

2) H2O

H3C CH3

O
1) LiAlH4

2) H2O

2)
































































or Liality

RCH Nat Lewis
AcidMake a

bond E

Mechanism A ApdffonA

Nat
An OH group

where

at'iÉtta Éeithere was a EO
of an aldehyde or I
ketone

All four H of Hy react

4 CH E Ht Bity FF at CH 01 É 4 CHCHOH

Borate salts

CH H
H

CH H

CH Clt
H



H3C

O

Products

Acid Catalyzed Hemiacetal and Acetal Formation From an 
Aldehyde or Ketone

H

Key Recognition Element (KRE):

Hemiacetal intermediate

OH3C H

OH3C H

OH3C H

H

O

CH3

H

O

CH3

H

H

OH3C H
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ReedIftrophile
HCH É H

O Hay
piston

inator
Major

weak Electrophile Thechanist Make a

xD I bond

i a.fifIi it it
Hye
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H
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Break a t
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434T't 43C c H 1YÉ

Make a
Hy Hc
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Take a
Étificgepetanation proton away

Two bonds to 0 An
ant iatoms from an sp

C atom



Cyclic Hemiacetals and Carbohydrates 
 

 
 
 
 
 
 
 

 

HO H

O

12345
O

+
O

1
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4
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1
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4
5

H

OH

H

H

OH

HO
H

O

1234 +1

2
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O
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H
1

2
3

4
O

H

OH

Racemic
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HO
H

OH

OH

OH

OH
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123456
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+
O

OH

OH

HO
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HO
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4
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4
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D-Glucose
(open chain form)

O
1

2
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4
5

O
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β-D-Glucose α-D-Glucose
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É
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The cyclic form of hemiacetals are stable SWEET

The chelate effect

SWEET

Carbon

This interconversion
is called É

mutarotation i
L D GlucopyranoseB D

GWII.gg1nerea Less stable
Biochemists call

one OH is
these two forms axial
anomers More stable

every group B

equatorial



H3C

O

Imine (aka Schiff Base) Products

Formation if an Imine (Schiff Base) From an Aldehyde or 
Ketone Reacting with an Amine

H

Key Recognition Element (KRE):

OH H

NH2H3C

Proton
Transfer*

O

H H

H

Note: this last step might 
actually occur as two steps in 
some cases.

*  "Proton Transfer" refers to a situation in which a proton moves from one part of a molecule to 
another on the SAME MOLECULE.  We do not draw arrows for proton transfer steps because that 
would be deceptive.  In some cases, the same proton may move from one part of the molecule to the 
other directly, but in other cases, solvent molecules may be involved as indicated in the following 
scheme.  To make things even more interesting, the following two steps might even be reversed in 
some cases. Becuase of all the ambiguity, we just write "Proton Transfer" and do not bother with 
arrows.

CH3C

O

H

N CH3

H

H

CH3C

O

H

N CH3

H

H

O

H H

H

O

H

H

CH3C

O

H

N CH3

H

H H

"Proton Transfer"
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mÉ
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Goodnucleophile A Add a
proton

HIM C't I ia
HE É IIIÉÉÉI race

protonaway

In II.EE Ic n



H3C

O

Products

Wolff-Kishner Reduction of an Aldehyde or Ketone

CH3

Key Recognition Element (KRE):

OH H

NH2H2N

O

Imine formation 
mechanism

Several steps

H

O H

Resonance Stabilized Anion

OH H
































































4h3
HE Cy

It
Take a

protonaway

HG H CH pits
HC CFHG Ch N HttpAdd a 11

HE protonin
in H Hey

Take a
proton
away

He H Break
He H

Fond
Hc

CHE CyI WINH E H ix a gas

Add a

proton

cha group where a c It
there was a H H Ecarbonyl of a

ketone or aldehyde
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Keto-Enol Equilibrium Catalyzed by Acid or Base

O H

Resonance Stabilized Enolate Anion

OH H

H A

Acid

EnolKeto form

Base

H3C

O

C

Enol

A

For both aldehydes and ketones, the keto form predominates at equilibrium, because _____________ 

bonds are stronger than _______________ bonds.

Enols are significant, however, because they react like ______________________, not carbonyls, and 

this is important in certain situations.

Keto form

α-hydrogen pKa = 18-20

H

H
H

H3C

O

C

H

H
H
































































H PA

ÉÉ I H

I ÉE

H
H

H C G G
H

H
































































Tautomerization

take aAdd a
proton I

2 carbon
Take a
proton
away

VAdd
proton

O

C C

nucleophile



α-Halogenation of an Aldehyde or Ketone Catalyzed by Acid

Enol
Keto form

Products

BrBr

H3C

O

C

H

H
H

CH3

O

O
H

CH3

O

O
H

CH3

O

O
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Adda É Take G
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bond
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Take a
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away

KRE A new bond to Br
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O
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H
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O
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O
H

Products

Fischer Esterfication

H
H H

that

g
H X

p
H

Y E H Y
H

Q I H

H H
H

H H H

H
H
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YEE't
hile
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Proton
Make a

Bond

Take Ly

Proton
Away

Add a

Proton
Great
Leaving Break a
Group Bond

Race R

Take a

proton
away



O

O

H

Products

Reaction with Thionyl Chloride

Cl

S

Cl

O

Several Steps

Chlrorosulfite intermediate

Cl

Decarboxylation of a β-Keto Acid

O

H

O O

α
β

Reactive Conformation Products

s

Iie iii III Ishii
l Racemic

O
t
3

p
it O

HEH Hc b HEY Ii
Enol keto

É

K RE An acid
chloride É

Leaving
Great

Break a

g GroupBond

 

BE

Bond rotates to give
a more stable
conformation

735,4

G MemberedRing very C C Bond

GipinElectronsstapitd Breaks

Aromatic



The Haloform Reaction

O H

Resonance Stabilized Enolate Anion

H3C

O

C

Keto form

α-hydrogen pKa = 18-20

H

H
H

BrBr

Two more times

O H

Products

Acid-base reaction

O

HIII'd
if
Heke'tH It

O B's O if
HE'd 4th ay'd 955

B H

B

B'r 9455
Hsc C 455 X

HC ÉH
0.1 B H

Isi

B

H 455
HC É X

H E H

proton
away

µ

A make a
bond

B

make a Mechanism B
stabilizes

the
bond

Were
Great
Leaving car is

such a

good
leaving

group
Break

Fond 4
Race Tl

Take a
proton
awayKRE Break the

C C bond to
give a

carboxylate and
halo form product



Keto-Enol Tautomerization vs. Enolate Resonance

O H

Resonance Stabilized Enolate Anion

Keto-Enol Tautomerization

EnolKeto form

Enolate Resonance

H3C

O

C

Keto form

α-hydrogen pKa = 18-20

H

H
H

H3C

O

C

H

H
H

Acid or
Base

H3C

O

N

Amide Resonance  VERY IMPORTANT!!!!!!

H

H

C

H

H

N N

H3C

O

O

H

Diazomethane reaction

Diazomethane
contributing structures

H3C

O

N

H

H

He
H

HÉÉ I
a

O

Hsc
t

HEY I HIg Ev TEN

EE NEN H

if
H C

C

Both the keto and
enol molecules are

A Neutral

contrib Eres
Full e

e I

2
Takea

Gg
Sir

YetÉgE p Formation of Ns
drives reaction

FEE.gg EEeg
H
































































is in a Zpthis is a partial
Fyi

IfI bond so it
does not
rotate at room

temperature
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Products

Acid Catalyzed Anhydride Hydrolysis

O
H É H
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p
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H EH
p
H
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p
H H p

H

CH G E E CH
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HA CH
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Products

Acid Catalyzed Anhydride Hydrolysis

O
H É H

CHE city

p
H

H EH
p
H

CH F CHCH G CH
y HHa Racemic

p
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CH G E E CH
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HA CH
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I H2O É 2 Itoh

Add a

proton f Make a
bond

take
Add a
proton

Product

f me
H E H

Break a

bond

Take a

A proton
away

Product
Catalytic
Atid



O

O

H

O

H

H

H

O
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H
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H

H

H
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H

Products

Acid Catalyzed Ester Hydrolysis

H H É H

Ha

y
H H

H E FEET LEE

H
H

H TTo Ht HH Hyp H

O H H

ft H
































































R E OR t H2O R EOH R'OH

Adpdrofon

bond

proton A
away

G

F

S A bond

Take a
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Microscopic Reversibilty: Acid Catalyzed Ester Hydrolysis-Fischer Esterification

O

O
H

O
H

O

O
H

H
O

H
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O
H

O
H H

*

Racemic

O
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H
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72
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Microscopic Reversibilty: Acid Catalyzed Ester Hydrolysis-Fischer Esterification
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O
H
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Products

Base-Promoted Ester Hydrolysis - Saponification
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2) H Cl
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O
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O ice
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Products

Acid Promoted Amide Hydrolysis
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I ET IEEE
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this reaction is
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O
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Products

Acid Promoted Nitrile Hydrolysis

N

tautomerization

several steps

(see amide
hydrolysis
mechanism)
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R CIN 21720 IF R E OH Nitty let

go 5 0

Add a

proton
make a
bond

take a

Gproton
away

End of an amide

O
Much more stable fketo form of an

amide These conditions
are strongenough
to hydrolyze
amides according
to the mechanism
we saw as Acid
Promoted Hydrolysis
of an Amide

CC



Products

Acid Chlorides Reacting with Amines

Cl

O

H2N CH3

Proton transfer

H2N CH3
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group
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away

NOT a nucleophile
so we need 2

equivalents of
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this

reaction



Products

Grignard Reacting with Esters

Chemist Opens Flask
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O

O

MgBr

MgBr
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O
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p
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Products

Reduction of Esters with LiAlH4

Chemist Opens Flask
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Lit Yip

F

Make a
bond by

Very

NIIPhile
Hta it

BEG

my
Lf

bond

Just keeping

PBthff
KRE converts

an ester into

Note the extreme two alcohols
similarities between breaks C O bond
these last two
mechanisms



Products

Reduction of Amides with LiAlH4

N

O

AlH

H

H

H

Li

AlH

H

H

H

Li

H

Note: In this reaction the chemist opens the flask and adds water in a second step that quenches any 
excess LiAlH4.  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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Acid catalyzed dehydration
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Initial Products

Claisen Condensation

O
CH3

O

H
H

H

O CH3

Draw both enantiomers

O
CH3

O

H
H

H

O CH3

No chiral centers in this case

Final Products

2) Mild

(Chemist opens flask 
and adds a mild acid)
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This is a much more stable anion
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strongdriving force motive for
the Claisen condensation reaction
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Initial Products

Michael Reaction
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Finall Products

2) Mild

(Chemist opens flask 
and adds a mild acid)
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Predominant Aldol Product

Dehydration

Heat
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Robinson Annulation Part 1 - Michael Reaction Steps

O H

OH H

Heat

Michael Reaction Product
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O

CH3

H

C
C

C
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Robinson Annulation Part 2 - Aldol and Dehydration Steps
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Products

H-X reacting with conjugated dienes
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Generation of heat, Most molecules
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Flourescence - Rigid Molecules, Not uncommon
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Flourescence - Rigid Molecules, Not uncommon

Phosphorescence - “Glow in the Dark”, Rare
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Hückel’s Aroma/city Criteria 
1) 
2) 
3) 
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Pyrene
Benzo[α]pyrene

Pyrrole Pyridine
Benzene Tropylium Ion Cyclopentadienyl 

anion

Annulene
Cyclobutadiene

Cyclooctatetraene

All ringatoms are sp theyhave aZporbital

Flat so theZporbitals overlap
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4 n 2 pi electrons 2,6 10,14 I
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sp orbital
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available

Notagain

photon
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2pY ble orbitals
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All fused
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Not monocyclic sytillaromattHickel's 44 2
rule does not
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16 it electrons 20 it electrons



O

Phenoxide anion

HH

Benzyl cation

HH

Benzyl radical

Aromatic resonance stabilization of charged species

O O O

HH HH HH

HH HH HH

pI ii

g
ii

la I

7 I 1 1

18 I II

t t t

t t it
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cations and radicals Golden Rules
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Wicked strong 
electrophile

I



E

Reagents

CCl

Al

Cl

Cl

Cl

Al

Cl

Cl

ClClC AlX4
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Friedel-Crafts Alkylation  R-X, AlX3
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Other notes: 1) It is hard to stop the Friedel-Crafts alkylation after one alkyl group adds 
(because alkyl groups are "good", that is, activating), but it can be done. 2) Neither Friedel-
Crafts reaction works if there is already an electron withdrawing (bad) group on the ring.
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Preparation of Diazoniums, The "Mr. Bill" Reaction
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Organic Chemistry is the study of carbon-containing molecules. This class has two points. 
 

The first point of the class is to understand the organic chemistry of living systems.  We will teach you 
how to think about and understand the most amazing molecules on the planet!! 

 

You will learn how MRI scans work. 
 
You will learn the basic principles of pharmaceutical science and how many drugs work. 
 
You will learn about the special bond that holds carbohydrates such as glucose in six-membered 
rings, connects carbohydrate monomers together to make complex carbohydrate structures and is 
critical to DNA and RNA structure. 
 
You will learn how soap is made from animal fat and how it works to keep us clean. 
 
You will learn the important structural reason proteins, the most important molecular machines in 
our bodies, can support the chemistry of life. 
 
You will learn how important antibiotics like penicillins work, including ones that make stable 
covalent bonds as part of their mode of action. 
 
You will learn why carrots are orange and tomatoes are red. 
 
You will learn the very cool reason that the DNA and RNA bases are entirely flat so they can stack 
in the double helix structure. 
 
You will learn even more about why fentanyl is such a devastating part of the opioid problem and 
how Naloxone is an antidote for a fentanyl overdose. 
 
You will learn even more details about why Magic Johnson is still alive, decades after contracting 
HIV, and how the same strategy is being used to fight COVID. 
 
You will learn about the surprising chemical reason the Pfizer and Moderna mRNA vaccines elicit 
strong immune responses. 

 
The second point of organic chemistry is the synthesis of complex molecules from simpler ones by 
making and breaking specific bonds, especially carbon-carbon bonds.   
 

You will learn how carbon-metal bonds lead to new carbon-carbon bonds. 
 
You will learn how most reactions of carbonyl compounds involve only the four common 
mechanistic elements operating in only a few common patterns. 
 
You will learn how, by simply adding a catalytic amount of base like HO- to aldehydes or ketones, 
you can make new carbon-carbon bonds, giving complicated and useful products. 
 
You will learn a reaction that can convert vinegar and vodka into a common solvent. 
 
You will learn why molecules with six-membered rings and alternating double bonds are stable. 
 
You will learn a reaction that can turn model airplane glue into a powerful explosive. 
 
Most important, you will develop powerful critical thinking skills: 

1. You will learn how to look at a molecule and accurately predict which atoms will react to make new 
bonds, and which bonds will break during reactions. 

2. You will learn how to analyze a complex molecule’s structure so that you can predict ways to make 
it via multiple reactions starting with less complex starting molecules.   
































































1 12 23
1 79 23

426 23
2 16 23

2 14 23

3 7 23
3 28 23

4 73 23

4 18 23

4 18123

1 17 23

1 17 23

2 28 23
2 16 23

3 30 2
4 18 23
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