Chapter 10: Alkyl Halides Part 1:

Preparing Alkyl Halides

Today — Chapter 10(10.1-10.4)

Making Aklyl Halides (Review)
‘Radicals

Patterns in Radical Mechanisms
Anti-Markovnikov Hydrohalogenation
*Radical halogenation
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Designing a Synthesis
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Designing a Synthesis

T

(E)-3-methylpent-2-ene

O
»/\(\04_ )J\
H H

e

HBr/HOOH

Br

2-bromo-3-methylpentane

T
H H
2-methylbutanal

1) O3
2) DMS

DBU /\(\

3-methylpent-1-ene



How do we Synthesize 1-Bromobutane?

Markovnikov

CH;CH,CH=CH, +

1-butene

Anti- Markovnikov?

CH;CH,CH=CH, + HBr

1-butene

IIBr
CH;CH,CHCHj;

2-bromobutane

' CH3CH2CH2CH2BI'

1-bromobutane



Preparing Alkyl Halides
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GGeneration of Radicals
Free radicals form when bonds break HOMOLYTICALLY

light .
RQ Q)R —ar> 2RO
an aIkyI peromde A alkoxyl radicals

Note the single-barbed or fishhook arrow used to show
the electron movement.
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R—O- + H— — R—O0—H +  Br
a bromine
radical



Free Radicals

@ Recall the orbital hybridization
in carbocations and carbanions.

Carbocation

Empty p orbital

sp? hybridized
(trigonal planar)

Carbanion

Filled
sp® orbital

\=> \nuu

sp? hybridized
(trigonal pyramidal)

@ Radicals appear to be trigonal
planar (sp? hybridized) or
shallow trigonal planar (sp°

hybridized)

Trigonal planar

or
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Shallow pyramid
(rapidly inverting)




Free Radical Stability

# Radicals are neutral (no formal charge) but still electron deficient
(incomplete octet)

@ Radicals follow the same stability trend as carbocations, as they are

both electron deficient species

Increasing stability

%
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Methyl

Primary

Secondary

Tertiary

® The more stable the resulting radical(s), the weaker the bond

Decreasing BDE

435
kJ/mol

410
kJ/mol

397
kd/mol

381
kJ/mol
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Free Radical Resonance

® Radicals, like carbocations, can be stabilized by
resonance delocalization.

® Fishhook arrows are used to present possible resonance
forms

Allylic
position

#® The more resonance delocalized a radical is, the more stable
It is



Radical Electron Movement

1. Homolytic cleavage, initiated by light or heat:

X2l 2 XX

or hv

2. Addition to a pi bond:

X" X
| & ™ % -

3. Hydrogen abstraction (NOT the same as proton
transfer):

X" "H“R" —— X—H R
4. Halogen abstractlon
R XXX —— R—X X



Radical Electron Movement

5. Elimination: the radical from the a carbon is
pushed toward the 3 carbon to eliminate a group

on the B carbon (reverse of addition to a pi bond):
X<, X

—_—

6. Coupling, the reverse of homolytic cleavage:

. A C L x_y



Radical Electron Movement

® Note the reversibility of radical processes:

Homolytic
cleavage
A—X 4 ™ X" X Addition
\ Coupling / to a pi bond
x _ /7 NX
Hydrogen \ Elimination /
abstraction
X" H—R Hydrogen ~ X—H 'R

\ abstraction




For Next Time....

Suggested Homework Problems Chapter 9
#1,7,9,13,18,20,32-37, 41,44,52,57

Suggested Homework Problems Chapter 10
#1,2,12, 16, 23,24, 33, 42




