
Products

Addition of H-X to an Alkene

H

C

C

C

H

H

H

H

H

+ BrH

Summary:

Regiochemistry:

Stereochemistry:

Example:

HCl

Br

Products

Br






































































































X Cl Br I
but not F

Ii

Nucleophile

H
H E E E it

jj

it I Etfs it it X
10 Carbocation

Add Electrophile

proton Nucleophile

Major Product
BE I88

JÉ ÉstrongAcid
20Carbocation Markovnikov'sMore Stable Rule
Electrophile

The alkene pi bond reacts with H X to
add a proton to create a carbocation intermediate
that makes a bond with XD to give the product

Markovnikov's Rule

Mixed time capsule Racemic Product

y z

Tde
Not chiral

in ÉÉi Jproton



Products

Acid-catalyzed Hydration of an Alkene

S

O

O

OO

H

H H

O H

+

H

C

C

C

H

H

H

H

H

H

O HH

S

O

O

OO

H
+

+

H

O HH

O HH

O HH

Summary:

Regiochemistry:

Stereochemistry:

Example:

H2O

H2SO4 (catalytic amount)






































































































9
wicked strongacid

H E H
More

carbocatio

I Y E
it

stables

Add
a

Catalytic in f proton electrophile

Acid
The 1 300 bond

Nucleophile

Make a

does not change
during the reaction

It

Take a

proton
away

Proton adds to make a carbocation intermediate water
attacksto make a new bond take a proton away to make the product
alcohol Catalytic in H300

Markovnikov's Rule
Mixed time capsule

not chiral

OH on more substituted
C atom Markovnikov's Rule



Cation Rearrangement

S

O

O

OO

H

H H

O H

+

C

C

C

C

H

H

H

H

C

H

O HH

S

O

O

OO

H
+

+

H

O HH

O HH

O HH

Example:

H2O

H2SO4 (catalytic amount)

H

H
H

H

H

H

Rearrangement

2° carbocation

3° carbocation
(more stable)

Products






































































































H H

H CEFF H

CH H H E H
protonf

Fc ÉÉ it man
Bond

Take a

ProtonAway

it It
i E Y E ÉY

I
I

Racemic Mixture Ehiral



Products

Alkene Halogenation

H

C

C

H

H

H

+

Summary:

Regiochemistry:

Stereochemistry:

Example:

Br Br

Br

Cl2






































































































Electrophile
B

membered
T

Fit't ring
Make a intermedia

no

ectrophile bond Bromonium
Ion

Make a
bond

The topface of the
called
anti by the Br atom so thei

react from the opposite
B Hface

Ilves
only a

Trans product never Cis

Alkenes react with Xa to give a three
membered ring intermediate then a new

bond is made by Xe reacting from behind the
C x bond of the intermediate

Not applicable Br is on both atoms
Anti addition geometry trans products

Ce
enantiomers

ce ITE
Parrot

Racemic Mixture



Alkene Hydrohalogenation

H

C

C

C

H

H

H

H

H
+ Br Br

Products

O HH

O HH

Summary:

Regiochemistry:

Stereochemistry:

Example:

Br2 / H2O






































































































5
Risi HalzIIAnd 3 membersA

make

ay.fr
aIIIFermedi

Racemic

The H2o nucleophile

tthe more substituted make
a

carbon atom bond

É É
gg t.at ÉÉÉÉa

Racemic proton Ja it

Away A Racemic
pH drops during the reaction

Alkene reacts with Xz to give a 3 membered

ring intermediate Chalonium ion H2o attacks
the more substituted C atom and we take a proton
away to give the halohydrin product

Markovnikov Colt on more substituted Caton
Anti

Eth
Br

Not Chiral



Hydroboration-Oxidation

H

C

C

C

H

H

H

H

H
+ H B

Products

Summary:

Regiochemistry:

Stereochemistry:

Example:

1. BH3

R

R

transition state

2. H2O2 / HO

(R = H or alkyl group 
depending on how far 

reaction has progressed)

(Chemist opens 
flask and adds 
new reagent)

2. H2O2 / HO






































































































Bonds

sp empty Ip forming
orbital

4member
É ÉÉMake

a bondNucleophile
Electrophile Bonds

breaking
Not
responsible

II R
ti is Hiiiii

It moresubstituted C atom
Izanthefirst

H and OH
OH Less substituted c atom

steric strain

are synstate

The pibond of the alkene attacks the
Lewis acid electrophile B atom at the same
time a new bond forms between C and H In 2nd
step OH replaces B R 2 4 membered ringtransition state

Non Markovnikov
syn

4 Tattsto IYE.IE
Racemic

Less
substituted

C atom



OsO4       Partial Mechanism

Os

O

OO

O

OsO4

H H

H3C H

A cyclic osmate ester

2. NaHSO3 / H2O

(Chemist opens
up flask)

Product

2. NaHSO3 / H2O

1. OsO4

Example:

Summary:

Regiochemistry:

Stereochemistry:






































































































HCAFÉ

a

0

Racemic

Not responsible for
mechanism

HCAFÉ H A Y
C H

ABE Racemic

The mechanism involves a cyclic
osmate ester explaining the syn
stereochemistry of addition

N A

syn
OH

I EY
Racemic



Products

Ozonolysis     Partial Mechanism

O

O

O O

O

O O

O

O O

O

O

Ozone contributing structures

O

O

O

H

H

H3C

H3C

Malozonide

Rearrangement
in two steps

2. (CH3)2S

Ozonide

(Chemist opens
up flask)

1. O3

2. (CH3)2S

Example:

Summary:

Regiochemistry:

Stereochemistry:






































































































This breaks EC bonds

E

HEHE
I it Bit Eiji II

Ketone Aldehyde

G pi
Pi H C H IEEEHE C's

aÉjÉ d

Reaction of an alkene with Oz gives a malozonide
than an ozonide intermediate the CI pi bond then C C

Y

into ketone and aldehyde products Breaks EC bond
NIA
NIA

3 H

A ketone An aldehyde



Hydrogenation:  H2 with Pt°, Pd°, Ni°

H H H H

CC

H3C

H

H

H

H H H H

H H HH H

Products

H H H H

Pt°, Pd°, Ni° metal particle surface
H

H
H

H

H2 / Pd°

Example:

Summary:

Regiochemistry:

Stereochemistry:






































































































Racemic

If I it
1

HEE Eth
HEE jiH ly syn Fars't

Ha adsorbs onto the metal surface
The alkene adsorbs onto the metal surface
H atoms transfer to both C atoms
On the same face before the C C bond rotates

N A

syn
CH

Tetchy Not
chiral

Cit PIES.tt 8gft3
Alkene Alkane



Terminal Alkyne Hydroboration

1. (sia)2BH

Example:

Summary:

Regiochemistry:

Stereochemistry:

C C HH3C

BH

H3C CH3

CH3

CH3

H3C

CH3

(sia)2BH

H

Products

transition state

2. H2O2 / HO

(Chemist opens 
flask and adds 
new reagent)

Keto-enol
tautomerization

2. H2O2 / HO






































































































He II
0

HE
H Bk

YEHHE it
HE

O the co is on the
CH Chad H C on the end

non Markovnikov
The Sia Blt reacts so the B atom

attaches to the C atom on the end The four
membered ring transition state make both bonds

simultaneously 2.4202 1 8 7 enol keto
non Markovnikov
N A

3 2 I
H

O



Reduction of Alkynes Using Sodium and Ammonia

Na° / NH3

Example:

Summary:

Regiochemistry:

Stereochemistry:

CH3

C C CH3H3C Na°+

NH

H

H

Na°

NH

H

H

Products






































































































HE ÉÉcH

A fifth affined
by
IIation w Add a

proton

c
t

TEIH
Nat YEH

y Add a
proton

This reaction makes
the more stable

E E alkene

Alkynes are reduced to E alkenes by Nao
in NH via two one electron reductions by Na
each of which is followed by adding a proton
from the NH solvent

N A

Anti E products

g't E alkene
I CH



Products

Alkane Free Radical Halogenation

Br Br

Initiation

hv

or heat

Propagation

CH

H

H

C

H

H

H +

Br Br

+

+

Termination

+

+

+






































































































On air Ir

an
Br H IJI.H B.ir

This process 97
keeps going
and going and
going H Iti Er

B in r B r B

HFY.A.B.i H I I t.si

HIIIII it HIIIII it






































































































PropagatinProcess Diaran

HII

H I
1

55 B.ir B



Products

Allylic Halogenation

Br

Initiation

hv

or heat

Propagation

C C

H

H

H +

Br Br

+

+

Termination

+

+

+

N

O

O

C

H

H

H

NBS

BrN

O

O

+  HBr

HN

O

O

+  Br2






































































































X É ir
Teak
bond

and.tk if
t Hiii

or

my

I

B P Br air B.ir

HEY H

H H H

EFFIE I
H



Products

Non-Markovnikov Addition of HBr to an Alkene

O O

Initiation

heat

Propagation

+

H Br

+

+

Termination

+

+

+

R R

Peroxide

H Br + +

C C

H

H

C

C

H

H

H

H

H H






































































































77 R E R

Er air H E R

Mmi fj 4
is.ir

for

r Hs É t.si

B 2.55 air B.ir

it ÉÉ B HÉÉÉ t
H HGH Itit g EE.EE



Products

The SN2 Mechanism

Summary:

Regiochemistry:

Stereochemistry:

Example:

NaN3

H O + BrC

H

H

H

Transition state

Na

I






































































































Nat

E se

EMT
Nucleophile must attack ftp.venat the back of the C Br
bond This angle and
direction of attack helps
break the C Br bond

The

configuration

at
this THIEF
at Erred B

The nucleophile attacks by making a

new bond to C from the back of the C X

bond just as X leaves

N A
INVERSION at the site of reaction

PNucleophile
WN3

GEE



Products

The E2 Mechanism

Summary:

Regiochemistry:

Stereochemistry:

Example:

NaOH

H3C O + C

H

H

H

Transition state

Na

H3C

CH3

C

Br

CH3

CH3

Cl
CH3






































































































Bondsbeing ymade

laterIs

Base

Bonds
BiLeaving

HzC Group
bgingen

I c

The H that is leaving and Hsc H

the Br must be
anti periplanar

Base removes an H atom as a pi
bond forms and the Br atom leaves

The H and Br must be

anti periplanar
Zaitsev's Rule most stable alkene product
Determined by anti periplanar transition state

0 431 c
CH3

HI CH
I



Products

The SN1 and E1 Mechanisms

C

Cl

C

H

H

H

C

C

H H
H

H

H

C

H

H

H

H3C O H

Products

H3C O HE1 H3C O H

SN1

Summary:

Regiochemistry:

Stereochemistry:

Example:

CH3CH2OH

(S)

Br

H heat






































































































Haloalkane with CH H
9

BaresYnd

i Make a
bond

Take a Take a proton
proton away
away

IIE ÉÉ
HE ÉÉ

no IH
Z HA Hit

For sterically hindered haloalkanes the C X
bond breaks to give a carbocation intermediate that
either reacts as an electrophile Snf or

has a proton taken away EI

EI Zaitsev's Rule
Su 1 Scrambled not quite 1 exactly

T É Tiffany
LF



Alcohols + H-X

CH2 O H

Products

SN2

Summary:

Regiochemistry:

Stereochemistry:

Example:

HCl

OH

1° Alcohols: SN2

R

BrH Br

2°/3° Alcohols: SN1

C O HR

BrH

SN1Br

Products

R

R

C
C

C
C

C

H

H H

H H

H

R
H

H

H
H

C
C

C
C

C

H

H

H H

H

R
H

H

H
H

H

C
C

C
C

C

H

H H

H

R
H

H

H
H

H H

Under these acidic 
conditions, 
rearrangements are a 
particular problem 
with 2°carbocations






































































































X Ce Br I
godfearing

a

ÉÉÉ
IG rat

Add a
proton H É Hbond

break a
bond

A air

Adda R ÉPÉE
R Eto

proton
Break
a bond R

Make a

Note The bond
nighties

c

this reaction
prevents
any Et R IEB.ir
before the
Snf is
finished

Reaction of primary alcohols Su 2
Reaction of secondary tertiary alcohols Sul
The OH group is converted to a good leaving
group by being protonated followed by sit or

Snl substitution
N A
chiral tertiary alcohols give scrambled products Snl

ya
Not
Chiral



2° or 3° Alcohol Dehydration

E1

Summary:

Regiochemistry:

Stereochemistry:

Example:
OH

2° or 3° Alcohols

(S)

HO H

OH

H2SO4

Products

H

OH S

O

O

OH






































































































P alcohols EI
react via

NOT a

A
nucleophile

É H
Add a

proton E a

Catalytic
in acid Break a

bond

HI
H E H

Pity
The OH group is protonated in strongacid to make a good leaving group water

which breaks a bond to give a carbocation
that has a proton taken away to givethe product alkene

Zaitsev's Rule
N A

T



Alcohols + PBr3

O H

Products

SN2

Summary:

Regiochemistry:

Stereochemistry:

Example:

PBr3
(S)

OH

H

1° or 2° Alcohols

BrP

Br

Br

Br

H

R'

R






































































































O
r

Doesnt
S2

B.ir

with 30 alcohols

There is an

with Socha that B c r R

chloro alkanes H E p

10 or 20 alcohols react with PBr via

an S2 reaction on the P atom to create a

good leaving group that undergoes an Sn2
reaction with Bre at the C atom

NIA
I VERSION

MI Br

xp If ask.ie The soda version
of the reaction



Chromic Acid Oxidation of Alcohols

C O H

Products

Summary:

Regiochemistry:

Stereochemistry:

Example:

H2CrO4(R)

 1° Alcohols

R

H

Cr

O

O

OHHOH

OH H

OH H

Cr

O

O

OHHO

OH H

OH

 
Called Jones
Reagent

Croz 1H2O

K2 o tHzsoy

Not it O
responsible R L j c r H
for first HzCroy 17 11
step ChroIicAcid O

Take a proton
awayandbreak
a bond

Not H called a O O
I 11 1responsible R C H geminal R C H Cr

for this I did water reacts it It
step H with aldehyde

will learn H H
next semester

g O

joint'g i R E it
c'r

f H
C Hy carboxylic H
i.b.it Acid H Y t

H
ri OHIO alcohols Carboxylic AcidH
R
a c at 20 alcohols KetoneH

R
R fat 30 alcohols NO REACTION
R

N A

N A

Ketone
I






































































































RE o
R E R



Products

Acid-catalyzed Reaction of an Alcohol with an Alkene

S

O

O

OO

H

H H

O R

+

H

C

C

C

H

H

H

H

H

H

O RH

S

O

O

OO

H
+

+

H

O RH

O HR

O HR

Summary:

Regiochemistry:

Stereochemistry:

Example:

CH3CH2OH

H2SO4 (catalytic amount)

 




































































































R

R B R

alcohol

ether

CHIH



Products

Epoxide Formation

H3C
C

C
HH3C

H

Summary:

Regiochemistry:

Stereochemistry:

Example:

CH3CO3H

O

O CH3

H O

(S)

(S)

O

Cl

CH3

H

H

H3C

H

OH

Products

Summary:

Regiochemistry:

Stereochemistry:


































































































































Alkenes react with per acids in a single
concerted step
N A
Mixed when new chiral centers are created

Halohydrins react
in base to give the
alkoxide that reacts

antiperiplanar to givethe epoxide
NIA
Antiperiplanar transition state






































































































Synthesis of epoxides

Hq9 t EatHzCtYH
A peracid Mhra

It Not
Chiral

fee
H

y

Take9
andCeIx

ftp.fgy
thee
need to
be anti
periplanan
to react

iMeso not
chiral



Products

Acid-Catalyzed Epoxide Opening

Summary:

Regiochemistry:

Stereochemistry:

Example:

CC

CH3H

CH3H

O

OH

H

H

OH H

OH H

O

H3O

In acid epoxides are protonated to give a highly
reactive cation intermediate that reacts with nucleophiles
at the more highlysubstituted carbon atom

Markovnikov Attack at more highlysubstituted Cat
Anti

Add a

7 A proton H EH
SITIO

sit
Make a bond

Take a
Break a bond

H Y HiÉÉÉ
EH
S

H






































































































o't
raid



Products

Base-Promoted Epoxide Opening

Summary:

Regiochemistry:

Stereochemistry:

Example:

CC

CH3H

CH3H

O

O H

OH H

O

HO






































































































Éophilic

Sn2
ÉNadeophile
Electrophile Attacks the V Add aC atom with

less steric A proton
hindrance

H É H
Vicinal HERE ClinchDiol
Product p p Gt3

H

Epoxides add strong nucleophile at the
less hindered carbon atom
Less hindered non Markovnikov

Anti addition

OH
Not
Chiral



Reactions in the Context of Complex Molecules

CH3 H

F

F

O

H

CH3

S
O

Cl

CH3

NaI
acetone

HO O
O

HO
O O O

O

CH3

S OO
Cl

NaCN

N

F

OH

SOCl2

HO

O
O

Used in the synthesis of Fluticasone (Flonase), 
a drug used to treat asthma

Used in the synthesis of Lipitor

Used in the synthesis of Paxil, a 
drug used to treat depression

CH3 H

F

F

O

H

CH3

S
O

I

CH3HO O
O

O
O O O

O

S
O

O

H3C

NC
O O O

O

N

F

O

N

F

Cl

O

O






































































































i o od O

ÉSir 2

LeavingGroup

IIIdeophile

Su 2 O



Reactions in the Context of Complex Molecules

Used in the synthesis of several protaglandins

OHHO

O

Br OH

OH excess KOtBu

tBuOH

O O
Br Cl

1. 1 eq. NaNH2  THF (ether solvent)

2.

(racemic)

Used in the synthesis of  protaglandin C2

NaCNDMSO (polar aprotic solvent)

CH3 H

F

F

O

H

CH3

S
O

F

CH3HO O
O

Fluticasone (Flonase)
HN

O

N F

O OH

OH

OH

Atorvastatin (Lipitor)Paroxetine (Paxil)

O

OH

CO2H

Prostaglandin C2N
H

F

O

O
O

OHHO

O

O

O

O O
Cl

O O
CN

*

*

*

Racemic

Racemic






































































































New bond

0f
Better
leaving
group

reacts
Su 2first

O




