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k = reaction rate = Ae-Ea/RT
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IncreasingTemperature increases the number
of molecules with enough
energy to react

All of thesemolecules
react
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Carbocation

Alkene

During reactions we often encounter

intermediates relatively high
energy species that are formed between

reactants and products

When alkenes react with HX carbocation
intermediate



 




































































































A nucleophile and electrophile are

both present and a bond can be made

None of the other possibilities
are likely and the fragments
produced are relatively stable

Acid is present or the

molecule is a strong base

Base is present or the

molecule is a strong acid

Notice 1 is the reverse of 2 and

3 is the reverse of 4 and vice versa



Mechanism Summary
The following questions and mechanistic elements are described from the point 
of view of the carbon-containing reagent, written in the form of a flowchart.

Is there a strong acid 
present or is the carbon-
containing reagent a 
strong base?

YES
Add a proton

NO

Is there a strong base 
present or is the carbon-
containing reagent a 
strong acid?

YES Take a proton 
away

NO

Are there a nucleophile 
and electrophile present?

YES
Make a bond

NO

Can a bond be broken to 
create stable molecules 
or ions?

YES
Break a bond

NO

Think about alternative 
mechanistic elements



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

a I Etfs it it B

10 Carbocation

Add Electrophile

proton Nucleophile

Major Product
BE I

85

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



 






































































































Creation of has a lower

energy barrier and it forms

faster We get more product

1 carbocation

11004
T

go carbcat

EO


















































































































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
H E 3

d
IEEE

Add
a

Catalytic in f proton electrophile

Acid
The 4300

7 IF
wagophile

Make
bond

does not change fduring the reaction

T.IE

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



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






C C
H
H

H
H3C

Br

C C
H
H

H
H3C

Br

C C
H
H

H
H3C

Br

C C
H

H

H

H3C

Br


































































































































How to think about unsymmetrical
halonium tons

I go

t t

Minor Minor

Major
10carbocation

20carbocation
The

more stable charge is
less stable

element so this

g

atom is bad

Longer and
weaker bond

I
so

Majority of
sp like

charge



Alkene Hydrohalogenation

H

C

C

C

H

H

H

H

H
+ Br Br

Products

O HH

O HH

Summary:

Regiochemistry:

Stereochemistry:

Example:

Br2 / H2O






































































































B
Make Pig Hal

3 membersA band

typecast
II media

Racemic

The H2o nucleophile

tthe more substituted make

carbon atom fond

É T.EE Eiia

Eta
take a ItRace ie proton
Away Race ie

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



C C

H3C

H

CH3

H

Br Br

Br

Br

H3C CH3

HH

Attack from the top face

Attack from the bottom face

BrBr

BrBr

 






































































































H Br Br it

HE S
H

HE
BIBr CH

iii

A

i

Br H H Br

H
R CH H S

H

Hf Br Br CH



CH3

CH3

H O

H

H

CH3

CH3 CH3

CH3

H2O H2O

Two 
mechanism 

steps
H2O H2O

Two 
mechanism 

steps

H2O H2O

Two 
mechanism 

steps
H2O H2O

Two 
mechanism 

steps

H atom adds to 
top face

H atom adds to 
bottom face

 






































































































s
H

s
H C't city

City Cit
R

H
R

H

s
CH OH OH CH
OH

R
CH

R
CH

S
OH

top bottom bottom top

H CH
CH H

A

HC's H
CH

bottom top bottom
ay

top
CH3

R
OH OH

S
OH CH

S
OH

R
City

City Cit s
H

R
H R

H
s
cat



Examples

2) H2O

3) C C
CH3

H

H

H3C Cl2 CCC C

H2SO4
(catalytic)

1) C C
CH3

H

H3C

H Br2 CCC C






































































































Br H H Br
RR CH HE S S

H H

HE Br Br CH

Anti Racemic

Anti OH
s GI R

CH

R C't s H
H
Racemic

CH

E OH CH
R

CH s OH
Mixed Astin CH H

R
H

S
Markovnikov

racemic
s

Cl H Hc Ce

ifHE S R

Anti
Meso I productonly



More Examples

4) Br2

5) C C
H

H

H

H3C Cl2 CCC C

H2O
+

+

H2O






































































































CH3 CH
Broplus

H CH3BroplusHexcess

Markovnikov
Anti

OHCH3BrH
CHz
OH

H
Br
Racemic

HC ClHHO
S HI I

HH3C R
ClH HHO

Racemic
Mixed
Markovnikov



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

fit

D

Make
a bondNucleophile

Electrophile Bonds
breaking

Not
responsible

II R
ti is Hiiiii

It moresubstituted C atom
Izanthefirst

H and OH
OH Less substituted 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

Taitto EYE.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:
































































Ozzy Osborne Reaction

Haff p

a Io
Racemic

Not responsible for
mechanism

Hychfe
it a

I

tacemic

The mechanism involves a cyclic
osmate ester explaining the syn sin

stereochemistry of addition

N A

Syn Sin

EP EEi.si
Racemic



 

Products

Ozonolysis     Partial Mechanism

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:

I'EÉi bit

Ketone Aldehyde

Ella iieicifc.si
HsE5EH






































































































Reactionof an alkene with Ozgives a
malozonide

than an ozonideintermediate the C C pi
bond then C C

Sigmabondis broken Adding Hz25decomposes the
ozonide

into ketoneand aldehydeproducts Breaks C Cbond

N A
N A

3

y XP
L
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:






































































































Eat state

0 00 00

If ifeng.it

HEE Est
HIE faitH y syn 4

H2 adsorbs onto the metal surface
The alkene adsorbs onto the metal surface
H atoms transfer to both atoms
on the same face before the C C bond rotates

N A

Syn
CHz Tritch Not

CH Ee gift
Chiral

Alkene Alkane
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