
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 can be Cll Dr I
te Not F

Brackets
indica

Nucleophile

ai r H
X

a i E maa
9

Carbocation bond
1 Electrophile

Add
paroton Major product

s nsa i I
H

Carbocation Markovnikov Product
More stable only one to draw

In Allee e pi bond reacts with
a
g

H X to add a proton to create a carbocation
Is intermediate that makes a bond wth X P

to

sina.E.IE ane
b

f Mixed time capsule Racemic Product
I j l

z l

z t t

ee
natural

morestacbarbbocatim

Hi pr e
H r

Ea at fats.ci EIFIJfEHsEHzEiEiI
Add aProton zo aMa g



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
c

Wicked storyacid
Add a H H

proton more
stable

H H H 20 m

acid is Not Nucleophile

viii iii
I

a'H b A
strong

H Take a
H Acid

proton
away

Protonadds to make a carbocation water attacks to
make a new bond take a proton away to make product alcohol

Markovnikov's Rule
Mixed time capsule

OH
XL

withinD
OH on more substitutes

atom Markovnikov



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


































































































































ra
a

d add a H H
I l H

y
proton it

H H

G products

f i
Take a

proton away

H it H H Er 0 O
d c T oHE
Hft It O Hg

e I



Products

Alkene Halogenation

H

C

C

H

H

H

+

Summary:

Regiochemistry:

Stereochemistry:

Example:

Br Br

Br

Cl2


































































































































ez Bz Iz frot Fr
electrophile n

Make I9 Three

A bond BE meggered

a C C It
electrophile Ldd Bora

nucleophile µ Bromoniumism
Make a

nucleophile bond
The top face of the 1 Bir

fatted teiiiediaki.fi Ysed HE E
addition the II r nucleophile I pay
stereo must react from the bottom B r
chemistry face a Y

pre only trans products9 NEVER CIS

Alkenes react with Xy to give a three
menbered ringChalonium ion intermediate then a
new bond is made by X from behind the
C X bond anti stereochemistry

Not applicable Bron both Catons
Anti stereochemistry trans products

space ice

nice Lace
Racemic

trans products
only



Alkene Hydrohalogenation

H

C

C

C

H

H

H

H

H
+ Br Br

Products

O HH

O HH

Summary:

Regiochemistry:

Stereochemistry:

Example:

Br2 / H2O


































































































































Add X to an alkene in the presence of
e HsI
B.ir

Make PBRAr a tiC Itg c It
bond

Hq
it

Attack by Hyo happens at
Racemic

the more substituted Catom Make a
see contributing structure bond

above excess

Hse jisr B'rHeoEE te Ic H Hae c it
1 Bolt was

EEiemic Hiott takes i EH
it

away
H

pH drops dung r n Racemic

Alkene reacts with Xs to give threemembered ring halonian Dn intermediateH2O
makes a bond with the more substituted ekg
and we take a proton away to give product

Markovnikov OH m more substituted C

Anti stereochemistry

LITHER
Not chiral

Halohydrin product



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 et Br
RR CH Hf

S S
H H

Hf Br Br Gts
Anti Racenic20

Anti uts OH
OH CH

CH It
H Clt

Racemic
Syn OH CHI

CH OH
Mixed

City It
Markovnikov H CH

Racemic

ch H H c Ce
Hz H

Hf SR H
H Ce Ce CH

Anti Same molecule Messy



More Examples

4) Br2

5) C C
H

H

H

H3C Cl2 CCC C

H2O
+

+

H2O


































































































































uts
e spats

ajar is to
I D
H It

Anti

Markovnikov cH3 OH
S OH R CHz
S H r Br

Br H

Racemic

to it Ce
S H H R

Hf H
H Ch to H

Anti Racemic

Markovnikov



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

 


































































































































A r is
HE

g
s

H p
R
p

CH3

Br Gt3 Agl Br

i

Anti u
vv

Stereochemistry

Only
Br it Br
R CH z HC S

H R 3 s H
Br Br



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

 


































































































































it at Pat
CH CHI H H

OH CHz OH CH
R
CHz

S
OH R CHz

S
OH

H CHS
CHz H

a

CHz H
H CH

g CH's µ
OH

g
CH p

OH
OH CHz OH CHz
t to it its



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


































































































































ng R
Electrophile azpD
on it

transit
state

Nucleophile
Breaking

Not responsible R
for l

H H
H

mechanism H B R

H d d C H H i te
I I 1 H c c c H Sym
H H H

13GHz H H H

H more substituted
H and B add
to the sane face

carbon
HOT less substituted carbon of the alkene

The pi bond of the alkene attack the
Lewis acid 13 atom at the same time
a new bond forms between C and H

4memberedringtransitionstate
non Markovnikov PPG'Ikkotonifovhatule

syn

ye
t3 Mikita

q Latif't jRacemic
Leu
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 Osbourne Reaction

of

A
Hft O

c Los
g

l e u
He

O

It Racemic

Not responsible
for mecha B

A
HsCaE.O.H

I Racemic

Hear H
H

Mechanism involves a

cycle Os mate ester 0

atoms add to same face syn
N A 0 atms on both C atons

Syn
pUt3 OH
ii OH T.DE.cHz1
if't

1 does't
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:


































































































































Breaks c

i E

Makemga s

p
a

pbad

i
c if

bad HEE c'of
HE

Replaced C C with 2 GO

O Aldehyde
11 O

11

Eet r

Reaction of an alkene with Oz creates
an ozonide intermediate that decomposes
with the addition of cuts zS Aldehydes

ketones
N A
NIA
I 3

z

jH



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:


































































































































Converts alleges to alkanese overall
reduction

c

0000
1 it

If it'IE Ea't
v I l

very
fast

Hs4 H
HAE Est't

very 1134if fast H
Hoof A
I
H 1

Hz adsorbs onto the metal surface
Alkene adsorbs onto the metal surface
It atoms transfer both C atoms on

the same face beforethe C C bondrotates

N A
syn addition

Et na

planeof Jiffy chiral

symmetry



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


































































































































wear

T x
s i

Hf C H

2

Syn

H t H est't
f C c

2

Hsc enol H H

c d g
0 Il

Hf Cit E a
The C B on

the Coin the end

The a 2BH reacts so the B atom is
attached to the C atom on the end Four me beat
ring transition makes both bonds simultaneously
H202 1to makes an end 3 keto form

non Markovnikov
N A

13 2
32 I H

A



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


































































































































I HzC I Hz
as a

tsE
n

I Add a
proton

CHI
Nato H

it

ur add a

proton This reaction

He eats
makes the more

c e stable alkene E
HH E H its

Alkynes are reduced to alkenes

by Nao in NHz via two one electron
reduction each of which is followed by
a proton transfer from NH

anti E trans products

Is it
C

H E CH



Products

Alkane Free Radical Halogenation

Br Br

Initiation

hv

or heat

Propagation

CH

H

H

C

H

H

H +

Br Br

+

+

Termination

+

+

+


































































































































or a.is air

H HA BI H Ed
keeps

H En

5T va

got

H H
H E d BBI l
H H

Er B.ir is.ir

it n it ja

a sa it i



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


































































































































i O

as 4
w is
11 Allyn
O Radical

H
9 is.ir Hackett H Bir

H
aro

a

it

only a small
amount

B is.ir B.ir Ir
H H r
I AM 1 I

HEKE H.is.ir Hero c H
I l
H f H H

H N H H t if it
p H d l C I I

Hyeong a Hero H E c i f
I l l l H H
H H H H H 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


































































































































in the

presence of9M R R peroxides

F j R Bir H R
o

Mrs t.fi i c sfEE
HE radioed

for

Non
Markovnikov H

lbc 4 CHzB.ir
City

B.ir ABi iIr i3i
n.BE

shifts B ibc d CHzB.irHF 1
City

T CH CH
Hep H l I

n
in in ii.si g g cHz iIr

CH Gt3



Products

The SN2 Mechanism

Summary:

Regiochemistry:

Stereochemistry:

Example:

NaN3

H O + BrC

H

H

H

Transition state

Na

I


































































































































Bond that

Bondthat
is is breaking

for

store
H f

a ft Iii
B

Nucleophile must react at

he back of the C Br bond

this angle and direction of
attack helps break the C Br bond

itH C H
The
configuration

at C is
inverted

B
O hit

The nucleophile attacks by making
a new bond to C from the back of the
C X bond just as the X leaves

N A
INVERSION at siteofreactors

4 Jude.phN3ueaEfsP



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
Bonds being

broke

it

out
i.BR

G
HK

43k
H H RCH3

C a
C
CH

The H that is leaving and

the Br must be HK E H r

anti periplanar
Base removes an H atom as a pi

band forms and the Br atom leaves

The H and Dr must be

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

1734 54 3

µ
H kHz



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


































































































































y
Haloalkae with CHz 17

Break
a bond

t H tcH3

it.it oEit.itfE9d cIitI H f l
H H K H H L Ha t t make a 11 H

bond it

Take a Take a proton
proton away
away

KE u felt it a inH H d d c C H
H c c I l l H

Y H H H C H
H it if I

t t Hy F HH
For sterically hindered haloalkanes the C X

bond breaks to give a carbocation intermediate that
either reacts as an electrophile Sv 1 or

has a proton taken away EI

EI Zaitsev's Rule
Sw1 Scrambled not quite I exactly

fr E't sitis a A
4 v Bgc atCHS

To



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


































































































































ce Br I
Good leaving

a

O Mrap
Adda R

FHzAE.fi
fLR

CHz B.r
proton makea H j H

bond
break a

TD N B
bond

R H
R R Eto bAdd a R E o Break

proton 1 if a bond R H

R
Make a

Note The bond
highly acidic
nature of
this reaction psprevents
any EI R 4 1.31
before the R
suit is
finished

Reaction of primary alcohols Sv2
Reaction of secondary tertiary alcohols Sw1
The OH group is converted to a good leaving
group by being protonated followed by Sj2 or

Sw 1 substitution
N A
chiral tertiary alcohols give scrambled products SNI

Npd Not
t 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
ia

IIIpineEZ
ru it

it 11
EE U

Add a O
proton e it

O
catalytic
in acid Break a

bond

a it it
1 tom v Il

H tt HAH
AH Q H Take a H I Hproton

away

The OH gro p is protonated in strongacid to make a good leaving group water
which breaks a bond to give a carbocath
That has a proton taken away to givethe product alkene

Zaitsev's Rule
N A

7



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


































































































































or sock
qoedw.rs

B L Group

A e
se iBir e

H i
l z r

sv2Ri kFF t.B
Does NOT work R i'I
with 30 alcohols

There is an

analogous reaction It

with SOCK that Br c R
piconverts alcohols into Br

chloro alkanes H o pl B'ji

Por 20 alcohols react with PBR via

an Sw2 reaction on the P atom to create a

good leaving group that undergoes an Sv2
reaction with Bree at the C atom

NIA
In VERSION

9 Br

n.ptYI rya7ce The sock version
s R 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 tHzSQ

H E H
Not It O
responsible R d j c r H
for first HzCroy 17 11
step ChroIicAcid O

Take a proton
awayandbreak
a bond

Not H called a O O

responsible R d H geminal t dr
for this I did water reacts H It
step H with aldehyde

will learn It It
next semester

g O

r

O I i R E dr
tf H
C Hy carboxylic H
i.b.it Acid H Y H

O
H
R i at 10 alcohols Carboxylic Acid R E o
H OR H
R c at 20 alcohols Ketone p c RH

R
R fat 30 alcohols NO REACTION
R

WA
N A

e Ketone
t 11

2 O



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)


































































































































9

Not a nucleophile

Add a R H

proton

it

y
I

catalytic in
Mba's D

H
H E H H H H
H d E R H d d d H
H 4 H R

Take HµH H
protonEther away

The alkene is protonated an alcohol attacks
the carbocation take a proton away to give the ether

Markovnikov

Mixed

IT



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:


































































































































H
c J Hsc iHe.p
y

LTO c CH

One step concerted
1 97
NotChiral

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

Not
Chiral

Take a H H
The F

proton H and ee
I N away HERE atan

CH meet be
anti

Halohydrin 0
Sw2 Periplane

Halohydrins react
in base to give the If
alkoxide that reacts Afro EACH

antiperiplanar to give
i ice

the epoxide
NIA
Antiperiplanar transition state



Products

Base-Promoted Epoxide Opening

Summary:

Regiochemistry:

Stereochemistry:

Example:

CC

CH3H

CH3H

O

O H

OH H

O

HO


































































































































Nucleophilic

Make
a bond 0

Break a jbond HAT

Electrothedeophile
Add a

µ proton

vicinal it H

HAE cD is CHzI UtzH Q 0
H

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

Anti addition

2 OH
2 OH Not

chiral



Products

Acid-Catalyzed Epoxide Opening

Summary:

Regiochemistry:

Stereochemistry:

Example:

CC

CH3H

CH3H

O

OH

H

H

OH H

OH H

O

H3O

Add a
µ H H

fig proton or
Vs
iiiit

Make a bond
Take a

Break a bond
i proton

H Q H away HzH O nuts it 6
I I daCHz

µ C EACH
gC

C

HA D it H

H

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 Caton
Anti

OHI F OH
Not
chisel



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



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


