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CHEM 261 Nov 1, 2017
Review:
H H H H . .
H-OH \ / on <ermentatlon
H,SO, / N\
H H H H
Petroleum or Natural Gas Ethanol

Example 1 (follows Markovnikov Rule)

ot o~
H3C\ H H.OH H3Cl3 H
— —_—
H H o e OH H
Elimination isopropyl alcohol
Mechanism
HsC H Hj ? H HSCT Fll HsC H
\ |
C=C =— —C— C S —C—C—H H—C—C—H
/ \ (® | ; |
H H H 7O H ® OHH
/ @\ H
® H— O
H
Product: an alcohol, which is not stereospecific
Example 2:
OH
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What about a molecule with a stereogenic center?

Example 3

diastereomers

<\

. \\\‘\\\\ +

— —_—
= =
= =
= =
- =

H-OH
H,S0,

/

Recall that the intermediate is a planar carbocation, therefore both isomers are possible!

However, due to the steric hindrance of the ‘out’ methyl group, the hydroxyl is more
likely to attack from the back, resulting in more of the 2™ product being formed.

(1R,3S)-1,3-dimethylcyclopentan-1-ol

1-ol

H . OH
= )~

Attack from the bottom is
most favored due to the
influence of the methyl
group at position 3

—)~ HoH

H,SO0,

From acid

(1R,3R)-1,3-dimethylcyclopentan-
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Example 4
ROH . .
OH
H-OH
%
intramolecular
faster than
intermolecular
limonene C=C OH B OH a
ROH

O
[E—" - 6 — ~
o)
cineol ﬁ/

eucalyptol
- seed germination inhibitor
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Example §
OH

and H2804 O

H
O H - 0]
~<__H
OH H
H

Eucalyptol is made by the intramolecular formation of a 6-membered ring.
You have probably encountered it in Vicks vaporub.
The product that would have both alkenes hydrated is not formed.

Example 6
0§t
Y CH,CH,0H H
% —
ot H,SO, 0O H — O

\ o /\CHZCHs W

® . ethyl isopropyl ether
@C H QC H 3

A secondary carbon is better at stabilizing positive charge than a primary carbon.
The oxygen from the alcohol (partially negative) ends up attaching to the secondary
carbon (partially positive) after protonation of the alkene creates the carbocation.



Example 7
H+
=~ .
p H
+ R
An ether
R-OH
Ethanol
O_CH20H3
CHscHon |—|TI
H>SO,
MECHANISM
HO-
N /\ CHCHs ~ O-CH,CH,
H' H + CHgCH,0 H
— > H
-H*

More on Hydration of Alkenes:

1) BoHg
2) NaOH "anti-Markovnikov"
OH

Y

H20,
H,O

Y

"Markovnikov"

H,SO, -

Hydroboration & Oxidation
- Anti-Markovnikov Addition

> Hydroboration <> Protonation (alkane)

T~

Oxidation (alcohol)
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Hydroboration: B;Hg — diborane (behaves like BH3)

“g7 g H..0
/B\ /B\ - 2X "B—

_B—H
H H® TH 40

Boron is a Lewis acid. It has an empty p-orbital and can accept 2 electrons to get 8 in its

valence shell, but takes on a negative charge in doing so.

Hydroboration delivers H minus not H plus — it ends up attaching to the more substituted
end of the alkene.

Oxidation: 2 reagents
NaOH, (base, such as sodium hydroxide)
H-O-OH or H,0, (hydrogen peroxide)

General Scheme:

Syn
® © \C—C/
H, 08" & - | | NaOH ||
‘B—H /A —C-C— —C-C—
HlO concerted Ré Ill O HOI Ill
(all bonds break ? H-o™H
and form at same time) H,>O,
©)
H
| |
_C_C_
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Mechanism of Reaction

1st STEP

The first step is a concerted reaction.The pi electrons from the alkene acts as a
nucleophile then attacks the electrophilic B and the Hydride is transfered to the
other carbon by syn addition. Other B-H bonds can react similarly

N
BH, H "
H) Syn Addition

2nd STEP
The Peroxide ion then reacts as a nucleophile with the electrophilic B atom

- .

R-B H H
] R—B -
R\/f o)
OOH R~ 0.
3rd STEP

The C-B bond then migrates to form C-O bond and then hydroxide is
displaced.The stereochemistry of the carbon centre is not changed

O H

0 B
RO R R
4th STEP

The nucleophilic hydroxide then attacks the electrophilic B and an alkoxide group is

displaceﬁ
O H ” O H
R/ R

OH
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5th STEP
Addition of a proton to form an alcohol

SRR T

OHH

® o ) >: @
IS /AR Ty
H BH, B Eg. HCI

. 3\ + B(OH);
O H., " H organoborane

H'd NaOH
H,0,

3
:OH

If more alkene is present, the organoborane intermediate can repeat the process two more
times to create the final product.

However, this molecule is sensitive to both acid and base and can break down into the
anti-Markovnikov alcohol with hydrogen peroxide and base present (down) or the alkane
with acid present (to the right). Stoichiometrically, this yields 3 equivalents of each
molecule.

Example 2

enantiomers
s

.ulll""

1. BoHg

- +
2. NaOH, H202

\"“IOH
H

~==OH
H

1:1 racemic mixture
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Example 3
BoHg
—>
H
as racemate
Example 4
enantiomers
1. BoHg

>
2. NaOH, H202

1:1 racemic mixture



