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Radikálové reakce

C Br C + Br heterolýza vazby

C C C + C homolýza vazby

Zápis mechanismů radikálových reakćı

pohyb jednoho 
elektronu

pohyb elektronového 
páru

Br

C H C +Cl ClH

C

C

BrC

C
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Radikálové reakce

Prostorové uspǒrádáńı uhĺıkových radikál̊u:

C

trojboká
pyramida

trojúhelník

C C

nízká trojboká
pyramida

Allylová vs vinylická pozice:

H2C CH CH3

vinylové
pozice

allylová pozice
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Radikálové reakce

Uhĺıkové radikály jsou elektrondeficitńı.

Faktory zvyšuj́ıćı jejich stabilitu:

Hyperkonjugace:

H

Konjugace:

CH2 CH2 CH2 CH2 CH2

H2C CH2 CH2
H2C
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Radikálové reakce

Stabilitu uhĺıkových radikál̊u lze odhadnout z homolytických disociačńıch
energíı vazby C–H:

R H R + H ∆H

∆H/(kJ mol−1)

H3C H 435

CH3CH2 H 410

CH H 395

CH3

H3C

C H 381

CH3

H3C

CH3

H2C CH CH2 H 356

H2C CH H

∆H/(kJ mol−1)

452

CH2 H 356

H O CH2 H 395
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Radikálové reakce

Obecné pǒrad́ı stability radikál̊u:

H2C CH

HC C

vinyl

ethynyl

fenyl

< H3C
C

H

H H3C
C

CH3

H H3C
C

CH3

CH3< < <H
C

H

H <

H2C C

H

CH2

CH2

benzyl

allyl

terciární 
alkyl

sekundární
alkyl

primární
alkyl

methyl
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Radikálová halogenace

CH4 + X2

hν
H3C X + H X

Reakce prob́ıhá radikálovým řetězovým mechanismem. Základńı kroky
mechanismu:

1 Iniciace

2 Propagace

3 Terminace

Iniciace – vznik radikál̊u působeńım UV zá̌reńı nebo rozkladem
radikálových iniciátor̊u:

hν
X X + XX

Propagace – vznik produkt̊u mnohokrát opakovanou sekvenćı reakćı:

+X XH3C H CH3 H

CH3
XX XH3C + X
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Radikálová halogenace

Terminace – zánik radikál̊u:

X

CH3

XX

XH3C

X

+CH3

+ CH3 H3C CH3

+ X

Celkový výsledek reakce:

+X XCH4 CH3 H

CH3 XX XH3C + X

+

+

CH4 + X2 H3C X + H X

V nadbytku halogenu může docházet k halogenaci do vyš̌śıch stupňů:

CH3Cl
Cl2

hν
CH4

Cl2

hν
CH2Cl2

Cl2

hν
CHCl3

Cl2

hν
CCl4
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Radikálová halogenace
Reakčńı entalpie halogenaćı ethanu:

CH3CH3 + F2 CH3CH2F + FH ∆H = −444 kJ mol−1

CH3CH3 + Cl2 CH3CH2Cl + ClH ∆H = −119 kJ mol−1

CH3CH3 + Br2 CH3CH2Br + BrH ∆H = −53 kJ mol−1

CH3CH3 + I2 CH3CH2I + IH ∆H = +40 kJ mol−1

Iniciace reakce radikálovým iniciátorem:

XX

+

+ X

O O

C C

OO

C11H23 C11H23
∆T

C11H23 C

O

O

2

C11H23 C

O

O

H R +C11H23 C

O

O

R

H

R R X +
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Radikálová halogenace

Selektivita halogenaćı – vliv statistiky a stability radikálu:

X

H3C CH3
X2H3C CH3

H3C

CH3

CH3

CH3

H3C CH3 X

X2

+

+ H3C
X

CH3

H3C
X

X =  Cl       55 %                            45 %

       Br       97 %                              3 %

X =  Cl       37 %                       63 %

       Br     >99 %                       <1 %

H H

H

O ḿıstu halogenace se rozhoduje ve fázi odštěpeńı atomu vod́ıku.

H3C CH3 Cl+ H3C CH2 +  HCl ∆H = –21 kJ mol–1

H3C CH3 Br+ H3C CH2 +  HBr ∆H = +44 kJ mol–1
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Radikálová halogenace

Radikálová chlorace

H3C C

CH3

CH3

H Cl+

HCl  +

HCl  +
H3C

C

CH3

CH3

H3C C

CH2

CH3

H

H3C C

CH3

CH3

E

R. K.

H Cl

TS3

H3C C

CH3

H

H

H

H
Cl

TS1
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Radikálová halogenace

Radikálová bromace

H3C C

CH3

CH3

H Br+

HBr  +

HBr  +
H3C

C

CH3

CH3

H3C C

CH2

CH3

H

H3C C

CH3

CH3

H Br

E

H3C C

CH3

H

H

H
H Br

R. K.

TS1

TS3
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Radikálová halogenace

Halogenace alken̊u
Při radikálové halogenaci alkenů halogenem může doj́ıt k adici halogenu na
násobnou vazbu.
Řešeńı:
Ńızká koncentrace halogenu v nepolárńım rozpouštědle – bromace NBS.

N Br

O

O

hν
N Br

O

O

+

NBS

R H Br+ R Br+ H

iniciace:

Br+ HN Br

O

O

N Br

O

O

+ BrH

R H + BrBr
hν

R Br + BrH

bromace:

Halogenace za vysoké teploty – potlač́ı se adice (entropicky nevýhodné).

H2C CH CH3 + Cl2
500 °C

H2C CH CH2 + ClCl H
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Radikálová halogenace

Allylový radikál může poskytnout v́ıce produkt̊u:

hν

CH3

CH3

NBS CH3

CH3

H2C
CH3

CH3

CH3

CH3

Br

H

CH3

CH3

Br
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Radikálové inhibitory
Nap̌ŕıklad sloučeniny se snadno odštěpitelnými atomy vod́ıku, které
poskytuj́ı stabilńı radikál.

Ar O H + R Ar O + RH

O

CH3

CH3H3C
CH3

H3C

H3C

CH3

H

BHT

O

OCH3

H3C
CH3

H3C

H
O

OCH3

H

H3C
CH3

H3C

BHA

Př́ırodńı antioxidanty:

O

HO

H3C

CH3

CH3

CH3 CH3

CH3

CH3

CH3

α-tokoferol (vitamin E) L-askorbová kyselina (vitamin C)

O O

OHHO

HO

HHO
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Autooxidace

CH3

CH3

R
CH3

CH3

+    RH

CH3

CH3

O O+ O O

H3C CH3

+
CH3

CH3

+

propagace:

iniciace:

H

O O

H3C CH3

H
O O

H3C CH3

H CH3

CH3
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Autooxidace

R

diethylether:

H3C O CH3 RH−

H3C O CH3

O2
H3C O CH3

O
OH

Triacylglyceroly:

O

OO

O

R

O

O

R

CH3

O2

O

OO

O

R

O

O

R

CH3

O
O

H
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Freony

Chapman̊uv mechanismus vzniku O3:

O2

hν
2 O

O + O2 + M O3 + M*

O3

hν
O + O2

O + O3 2 O2

Rozklad freonů ve stratosfé̌re a jejich p̌ŕıspěvek k úbytku ozonu:

C

Cl

F

Cl

Cl C

Cl

F

Cl

Cl+

Freon 11

hν

ClO3 + O2 + ClO

ClO + O O2 + Cl
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Freony

Méně škodlivé freony – v molekule je p̌ŕıtomná vazba C–H (látky zanikaj́ı
už v troposfé̌re) nebo chyb́ı chlor.

C

F

Cl H

F

HCFC-22

C

F

H H

F

HFC-32
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Př́ıklad č. 1

Napǐste všechny možné produkty radikálové chlorace 2-methylbutanu do
prvńıho stupně. Které z těchto produkt̊u jsou chirálńı?

hνH3C

CH3

CH3
Cl2

Řešeńı:

hνH3C

CH3

CH3
Cl2

H3C

CH2

CH3

Cl

+
H3C

CH3

CH3

Cl

+
H3C

CH3

CH3

Cl

+ H3C

CH3

CH2

Cl

*
*

chirální chirální

− HCl
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Př́ıklad č. 1

Napǐste všechny možné produkty radikálové chlorace 2-methylbutanu do
prvńıho stupně. Které z těchto produkt̊u jsou chirálńı?

hνH3C

CH3

CH3
Cl2

Řešeńı:

hνH3C

CH3

CH3
Cl2

H3C

CH2

CH3

Cl

+
H3C

CH3

CH3

Cl

+
H3C

CH3

CH3

Cl

+ H3C

CH3

CH2

Cl

*
*

chirální chirální

− HCl
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Př́ıklad č. 2

Napǐste hlavńı produkt/y následuj́ıćı reakce:

CH3

CH3

+ Br2

FeBr3

(kat.)

Řešeńı:

CH3

CH3

+ Br2

FeBr3

(kat.)
CH3

CH3

+

Br

CH3

CH3

+

Br

HBr
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Př́ıklad č. 2

Napǐste hlavńı produkt/y následuj́ıćı reakce:

CH3

CH3

+ Br2

FeBr3

(kat.)

Řešeńı:

CH3

CH3

+ Br2

FeBr3

(kat.)
CH3

CH3

+

Br

CH3

CH3

+

Br

HBr
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Př́ıklad č. 3

Napǐste hlavńı produkt/y následuj́ıćı reakce:

CH3

CH3

+ Br2

hν

Řešeńı:

CH3

CH3

+ Br2

hν

HBr+
CH3

CH3Br
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Př́ıklad č. 3

Napǐste hlavńı produkt/y následuj́ıćı reakce:

CH3

CH3

+ Br2

hν

Řešeńı:

CH3

CH3

+ Br2

hν

HBr+
CH3

CH3Br
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Př́ıklad č. 4
Napǐste hlavńı produkt/y následuj́ıćı reakce:

hν
+ N

O

O

Br

NBS

Řešeńı:

hν
+ N

O

O

Br

NBS

+

Br

+ N

O

O

H

Br

+ Br H Br +
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Př́ıklad č. 4
Napǐste hlavńı produkt/y následuj́ıćı reakce:

hν
+ N

O

O

Br

NBS

Řešeńı:

hν
+ N

O

O

Br

NBS

+

Br

+ N

O

O

H

Br

+ Br H Br +
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