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Markovnikov’s Rule

Fortunately there is a simple rule of thumb to 
predict which product will form: Markovnikov’s
rule, which states that when an unsymmetrical 
reagent adds to a double bond the electrophilic 
part of the reagent adds to the carbon with the 
most hydrogen atoms on it.
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Markovnikov’s Rule (cont’d)

Why? This mode of addition will always produce 
the most stable carbocation intermediate, i.e. 
consider the addition of H+ to propene…

H

H

H +

+

+ 1 °  c a rb o c a t io n  -  a n t i-M a rk o v n ik o v  p ro d u c t

2 °  c a rb o c a t io n  -  M a rk o v n ik o v  p ro d u c t
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Hydration

• Addition of water across the double bond

• Product is an alcohol

• Requires an acid as a catalyst as water is not 
acidic enough to produce the electrophile

OH H
H2O

dilute H3O
+

(e.g. dilute H2SO4, H3PO4)
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Hydration (cont’d)

First step is the protonation of the alkene in a 
Markovnikov orientation to generate the most 
stable carbocation.

The second step is the attack of the nucleophilic 
water molecule on the carbocation

Finally an acid/base reaction deprotonates the 
alkyloxonium ion to form the alcohol.
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Hydrohalogenation

• Addition of HX across a double bond to produce a 
Markovnikov halide alkane

• Reactivity: HI > HBr > HCl > HF (parallels acidity)

• HBr needs to be used in the dark and under an 
inert atmosphere to prevent a free radical 
addition process that produces the anti-
Markovnikov product.

• Note: this same mechanism applies to other acids 
such as H2SO4
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Hydrohalogenation (cont’d)

First step in the Markovnikov addition of the 
electrophilic acidic proton to produce the most 
stable carbocation intermediate.

The second step is the nucleophilic attack of the 
halide anion on the carbocation intermediate 
generating the alkyl halide product.

Br

H+

+

Br-
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H H

Br

Br
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Br
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H

Br
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☓

Step 1 Step 2
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Hydroboration/Oxidation
• Final product is an anti-Markovnikov alcohol

• Two step reaction, BH3, H2O2/NaOH

• Electrophile is the B atom (H is more EN than B!)

• Concerted addition reaction



Hydroboration (cont’d)

Step 1: alkene p electron acts as nucleophile 
and add to the electrophilic B, at the same 
time the H is transferred to the C atom.

Step 2: step1 repeats twice more

Step 3: peroxide ion acts as nucleophile with 
the B atom.

Step 4: migration of the C-B bond to form a C-
O bond and displace hydroxide

Step 5: nucleophilic attack by hydroxide on B 
displacing it as BOH

Step 6: acid/base reaction to protonate the 
alcohol

H

BH
2

H
BH
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BR
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R R
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Hydrogenation

• Addition of H2 across the double bond to 
produce an alkane

• Requires a metal catalyst, Pt, Pd, Ni or Rh

• “syn” addition, both atoms add to the same 
side of the double bond.
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Hydrogenation

Step 1: hydrogen adsorbs onto 
the face of the metal

Step 2: alkene approaches H 
atoms

Step 3: H atoms add to the two C 
atoms producing an alkane

H H

HH

HH

H H
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Oxidation: Permanganate

• Used as a chemical test

• Product is a glycol (1,2-diol) 
and manganese oxide

• Color change from purple to 
brown-black MnO2 solid

• OsO4 also used to make 1,2-
diols
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Oxidation: Permanganate (cont’d)

• Complex reaction mechanism

• Reactive via a five membered cyclic ester 
intermediate.

• Both O atoms are transferred from the 
permanganate ion.

Johainah

Johainah

Johainah

Johainah

Johainah

Johainah

Johainah

Johainah

Johainah

Johainah

Johainah

Johainah

Johainah

Johainah

Johainah

Johainah




Oxidation: Ozonolysis

• Cleaves the double bonds in 
half generating two carbonyl 
groups

• In Zn/H+ get aldehydes or 
ketones (reductive products)

• In H2O2 ketones or carboxylic 
acids (oxidative products)

• Was primarily used for 
structure determination since 
ozone only reacts with C-C 
multiple bonds.

• Generates smaller molecules 
that are easier to identify.
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