
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

 
































































Organolithium and Gilman reagents react
the

same way as Grignard reagents in this reaction

make
bond

CHICH

Add a
proton

There is a new C C bond
that is two carbon atoms away ftp.gj

EpEeH
from an OH group 7 CHICH

4 41 New mats
C C

ÉEbond bond

How New

End

chiral Éᵈ t sit er

Effi q EE
Meso

Racemic Mixture
not chiral



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

 
































































I 8
j MgBMake a

bond CH CEH EEp
so

so 8 µ Add a proton
Mechanism A

OH group attached at at dies
the same C atom

as a new C C bond
ie

mg

524

CH
CHCH H 1 alcohol

on I as
c.cai.NgynfCTCH2CH3Racemic bond

HNew CE
30

CH HECH alcohol

I carboxyl
H Acid

erm
cents



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

 
































































Na

A HSC CEC NH

StrongBase

p
Na

9 Make H C C H
a bond Racemic

Hs

Adda
Mechanism A proton

0H group on the carbon
µ ta cats

that makes a new

C C bond to an sp C
aton alkyne

Rac



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

sakesstronger

H

Make a
HSC C H

bond
pacenic5

C

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

ENbond to CEN

Time capsule cyanohydrins can be

hydrolyzed in HzSOy H2O to

give α 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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0h Take a proton
or Ph P Éi is awayrease

shorthand ways

5 in Kct
o p'EE 0 cfI
Majorcontributor N

y
a

Racemic

Make a
bond

remember
it

x p
c

t
ep

1 87 42
Racemic

AYIN
Four membered ringintermediate

Alkene New C C where the C O 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)
































































RLH Nato

Affon
Nato

O H
RLH

H HERE

All four H of Hy react

4 CH C At B y CHCH 0 8 0 4 CHCHOH
Borate salts

at I
H

CH Hz

CH it
H
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Make a

tea

bond

An OH group
where

there was a co
of an aldehyde or

ketone



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
































































Ts 0H off
Hey does that thing have a

asylic Acid
hemi in it SWEET

R.EEfIphileCHEFF0H CHs H
d Fitton H p H

HE I
Weak Electrophile

OHand or Mechanism Make a

KD bond

O

Hsc
Racemic 43

4 Hon Is
away Racemic

Brj
to

Not stable

ns.EHH iIa
Make a

Her HE bond
Major

way
I 3

Two bonds to ether 0 a
t

atoms to an sp
cT

C atom



Cyclic Hemiacetals and Carbohydrates 
 

 
 
 
 
 
 
 

 

HO H

O

12345
O

+
O

1
2

3

4
5

1
2

3

4
5

H

OH

H

H

OH

HO
H

O

1234 +1

2
3

4H
O

OH

H
1

2
3

4
O

H

OH

Racemic

Racemic

HO
H

OH

OH

OH

OH

O

123456
O

OH

OH

HO

CH2OH

HO

+
O

OH

OH

HO

CH2OH

HO

1
2

3

4
5

6

1
2

3

4
5

6

H

H

D-Glucose
(open chain form)

O
1

2
3

4
5

O
1

2
3

4
5

β-D-Glucose α-D-Glucose
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8E
G E

The cyclic form of hemiacetals are stable SWEET

The chelate effect

70
at.is

SWEET

Anomeric
Carbon

This interconversion
is called

mutarotation É É I
α D Glucopyranoseβ D

are less stable
Biochemists call

one 0H is
these two forms
anomers More stable axial

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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Make a
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Got Mechanismth Add aNucleophile proton
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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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may
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Take a

4

A PIT

Add a
proton

Take a

proton away

G

pp
a Add a

proton

CH where

there was



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
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ÉÉ I H

I ÉE

H
H

H C G G
H

H
































































The process of interconverting the keto and enol
forms is called tautomerization

9
Add a take a

proton proton
away

Take a

2 carbon proton
away

0 A Add a

proton

keto and enol forms
are called tautomers

C 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
Proto
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electrophile Mj's
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0
fephiles
































































































Least somewhat

delocalized delocalized

charge chase mostdelocalized
charge

1

I

Parentff.IE at on 0

pKa 16 pka 3 5 pka 0.3.3
Rank acidity by comparing anion stabilities

at case

I
ate

Inductive effect
pulls some charge
into F atoms
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O

H

O
H

H

O
H

O
H

O
H

H

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

Ion
































































IE
hile

Add a

Proton
Make a

Bond

Take a

gggPretty
Add a

Proton

Break a

Bond

Racenic

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
































































so

Bond rotates to give
a more stable
conformation

HAYEE
see

C C Bond
6 Pi Electrons
o

m.IE EImE Breaks



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 H

Take aα
Pasta

µ make a
bond

B

Make a Mechanism B
bond of

Br is
such a

IEP
good

leaving

group
Break
Gond

Racemic

awayKRE Break the
C C bond to
give a

carboxylate and
haloform product
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H C
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H
C

C

O

H

H

H
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Electrophile Nucleophile Strong
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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
































































Th

importantand
that has

constences
This is a partial

Lone pairit bond so it
does NOT rotate
at room temperature orbital

Iii.IE'S
A T way's is created from

the overlap of 2p orbitals
on the 0 C and N atoms 3 atoms 2 electrons VERY STABILIZING
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O
H

H

H
O

H

H
O

H

H
O

H

H
O

H

H

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
H H p

H

CH G E E CH
H TCH

HA CH
C E H

CH
Ii
































































12,12 H2O 2 OH

e
Add a

proton
Make a
bond

2

Add a
proton

Product

in O
H A Brisk

Take a

proton
Product

Catalytic away
Acid



O

O

H

O

H

H

H

O

H

H

O

H

H

O

H

H

H

O

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 H2O R EOH R'on

Af In
Make a
bond

T a

proton A
away

proton
Break a

Take a

proton
away
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Microscopic Reversibilty: Acid Catalyzed Ester Hydrolysis-Fischer Esterification

O

O
H

O
H

O

O
H

H
O

H

O

O
H

O
H H

*

Racemic

O

O
H

O
H

O

O
H

O
H H

O

O

H

H

H O

H

O
H

O
HH O

H

H O

H

O
H

H O

H

O
H
































































Adf Ion

Make a
bond

L

t Add a

proton

2 Break a
bond

Take a
proton
away

Catalytic in
acid



O

O

Microscopic Reversibilty: Acid Catalyzed Ester Hydrolysis-Fischer Esterification

O

O
H

O
H

O

O
H

H
O

H

O

O
H

O
H H

*

Racemic

O

O
H

O
H

O

O
H

O
H H

O

O

H

H

H O

H

H

H
O

H

H
O

H

H O

H

H

H
O

H

H O

H

H

H O

H

H

H
O

H
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5
Add a

proton
Make a
bond

Tak
proton
away

Affon

in
Break a
bond

Take a
proton
away

Catalytic in
acid



O

O

Products

Base-Promoted Ester Hydrolysis - Saponification

HO

2) H Cl

O

Ha
Ha

O
H y

It IT

O ice

t tt
































































R E or RE OH R'OH

_e

9 IN
5189,9 Racemic

Break a

bond

Fadd
proton NOT catalytic

intase

Mechanism B

Driving force converts

HOE to RÉE
More stable anion
favored MOTIVE



N

O

H

O

H

H

H

O

H

H

O

H

H

O

H

H

H

N

Products

Acid Promoted Amide Hydrolysis

H

H

F H H E H

Yi

H j H

I ET IEEE
Racemic

H

j if
H E H X H

1
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Y
P H2O R E OH Hayff

Add a

proton
Make a
bond

Take A

Patty
L

S Add a

proton

Break a

bond

This is NOT 430
this reaction is

1 catalytic in



H

O

H

H

H

O

H

H

O

H

Products

Acid Promoted Nitrile Hydrolysis

N

tautomerization

several steps

(see amide
hydrolysis
mechanism)

UNE't
LIEN

H

IN
Hlet

y H ÉH

he is O H Ith
HEH
































































R CEN 2H20 R E OH NFtyCee

8

Add a

proton
make a
bond

Enol of an amide

0
Much more stable

keto form of an

amide These conditions
are strongenough
to hydrolyze

Promoted Hydrolysis
of an Amide

CC



N

O

H

O

H

H

H

O

H

H

O

H

H

O

H

H

H

N

Products

Acid Promoted Amide Hydrolysis

H

H

F H H E H

Yi

H j H

I ET IEEE
Racemic

H

j if
H E H X H
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MMA Add ÉE2d proton
Make a
bond

MPM take a PED
preta

Add a

proton

Bag
PITTED

Boxing

bond

Take a
proton
away

Affmfs
































































The following mechanism applies to which
CC

reaction we have seen Trick Question it applies

T.IE it a aE I Ie

tent
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O

O

O

1
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7
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16
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1
2 3 4 5 6

7
8 9

1
2 3 4 5 6

7
8 9

10 11 12
13

14
15 16

17 18

10 11 12 13 14
15

16 17 18

HO OH

OH

Glycerol
(“glycerin”)

Triglyceride (fats and oils)

Animal fat - More saturated fatty acids like stearic acid
Vegetable oils - More unsaturated fats with cis-C=C bonds

LiOH or NaOH
3 Equivalents

O

O

O

O

O

O

Stearic Acid (a saturated fat)

Oleic Acid (an unsaturated fat)

1
2 3 4 5 6

7
8 9 10

11
12

13
14

15
16

17
18

1
2 3 4 5 6

7
8 9

1
2 3 4 5 6

7
8 9

10 11 12
13
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15 16

17 18

10 11 12 13 14
15

16 17 18

Linoleic Acid (a polyunsaturated fat)

Deprotonated Fatty Acids (soaps)Li  or  Na

Li  or  Na

Li  or  Na

Fatty Acid
G

ly
ce

ro
l

Linoleic Acid (a polyunsaturated fat)

Oleic Acid (an unsaturated fat)

Stearic Acid (a saturated fat)

O

O

O

O

O

O

1
2 3 4 5 6

7
8

1
2 3 4 5 6

7
8

1
2 3 4 5 6

7
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16 17 18

Linoleic Acid

Vegetable Oil

Excess CH3OH

H3CO

O

1
2 3 4 5 6

7
8 9 10 11 12 13 14

15
16 17 18

Methyl Linoleate

Biodiesel, a combustion engine fuel

H2SO4
(catalytic)

3 HO OH

OH

Glycerol
(“glycerin”)

9 10 11 12 13 14
15

16 17 18

9 10 11 12 13 14
15

16 17 18

Linoleic Acid

Linoleic Acid
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EYEL

Triglyceride Is deprotonatedfattyacidssoaps

B Engines
for Glycerol

VegetableOil



Products

Acid Chlorides Reacting with Amines

Cl

O

H2N CH3

Proton transfer

H2N CH3
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R E Ce 2 r r E y.ir ftp.fr.ee

Make a

bond

necessary

Verygood
leaving
group

I
away

NOT a nucleophile
so we need 2

equivalents of

amine for
this

reaction



Products

Grignard Reacting with Esters

Chemist Opens Flask

2)

O

O

MgBr

MgBr

H

O

H

H

Racemic

p
most

a
CH

H H

Mg
Salts
































































r E or.IE Tr EE
k

Make a
bond 6yd

strongnucleophile É Break a
bond

Ma
bond

Add a

5 proton

MÉ

KRE An alcohol

with 2 identical

new groups
attached

via new C C bonds

neg
The overall reaction mechanism is
Mechanism B followed by Mechanism A

Same as the next reaction



Products

Reduction of Esters with LiAlH4

Chemist Opens Flask

2)

O

O

H

O

H

AlH

H

H

H

Li

AlH

H

H

H

Li

H
Racemic

EYE
ÉÉÉ

III
Al salts
































































R E opi.LI HR CHzOHtR'oHtsAafts

L

88

HE t mechanism B Break
HD board

Li

make

Mechanism A

Just keeping

fttohgfftihitthi.KREconverts

an ester into

two alcohols

Note the extreme
breaks C 0 bond

similarities between Mechanism B followed by
these last two Mechanism A just like the
mechanisms last reaction



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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COALHE Lit
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HCl H2O
strongacid
heat

HCl H2O1CRIKEY strongacid
Or H2O

heat

8 8
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Aldol Reaction
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O H
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Draw both enantiomers
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Minor Major

s bond
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0
Add a
proton

KRE β hydroxy aldehyde
with a new C C

bond between the

aldehyde α and β
Mechanism
Acarbons
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Enantiomers or Diastereomers

H OH
q q

CH CHIE E A CH CHEECH H
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Initial Products

Claisen Condensation
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Conjugate	Addition	
	

	

 	
	
	

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

B)	These	species	are	called	a,b	unsaturated	carbonyl	compounds.	

C)	a,b	unsaturated	carbonyl	compounds	are	conjugated,	in	that	the	pi	electrons	of	the	C=C	
and	C=O	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	b	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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conjugate 
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Robinson Annulation Part 1 - Michael Reaction Steps
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Robinson Annulation Part 2 - Aldol and Dehydration Steps
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Michael Reaction Product

Spontaneous 
dehydration - multiple steps

You are not responsible for 
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New CFC bond
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Products

H-X reacting with conjugated dienes
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major contributing structure minor contributing structure

Products

Br Br

1,2 Addition 1,4 Addition - more stable, more highly 
substituted C=C

Allylic cation intermediate
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CH3 CH3

CH3

CH3

CH3

CH3 CH3 CH3

H3C

H3C

β-Carotene
λmax = 455 nm, 483 nm

H3C

CH3 CH3 CH3 CH3

CH3 CH3 CH3

CH3

CH3

Lycopene
λmax = 443 nm, 471 nm, 502 nm

CH3 CH3

CH3

CH3

CH3

CH3 CH3 CH3

H3C

H3C

Luteine
λmax = 445 nm, 474 nm

HO
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Butadiene
λmax = 217 nm
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11-cis-Retinal
λmax = 380 nm

































































































































Energy Light source

We see the

wavelengths reflected
minus the wavelength
absorbed
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H3C
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H
H3C

CH3

11-cis-Retinal

Binds to an -NH2 group from 
the amino acid lysine in the 
protein opsin

H2N

H3C

N

H
H3C

CH3

Rhodopsin

H3C

H3C

A photon of visible light is 
absorbed by the retinal, isomerizing 
the cis bond to trans, dramatically 
altering the shape of the molecule
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Molecule 
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This change in shape causes a nerve 
impulse to be sent to the brain

How vision works
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photon puts
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orbital
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4 12
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π  MO

π MO

* π  MO

π MO

* π  MO

π MO

*
Generation of heat, Most molecules

hν

Flourescence - Rigid Molecules, Not uncommon

Fast

π  MO

π MO

* π  MO

π MO

* π  MO

π MO

*
hν Fast

+ Vibrational Energy
         (Heat)

+ hν
(lower energy 
than original, 
longer 
wavelength)

Phosphorescence - “Glow in the Dark”, Rare
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h#p://photobiology.info/Branchini2.html 

Flourescence - Rigid Molecules, Not uncommon

Phosphorescence - “Glow in the Dark”, Rare
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